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CuCrO2

The layered delafossite CuCrO2
has attracted attention as a

promising thermoelectric
material because its electrical
conductivity can be greatly

increased by doping. Here we
study the effect of crystallite size
and morphology on the thermal
conductivity, Seebeck coefficient
and electrical resistivity, all
Important factors for
thermoelectric performance. We
have synthesized polycrystalline
CuCrO2 by three routes (solid
state reaction, sol-gel method
and hydrothermal synthesis),
leading to samples  with
distinctly different particle sizes
and morphologies. The smallest
crystallites with a quasi-
hexagonal shape of dimensions
~20 nm can be obtained by
hydrothermal synthesis. These
samples have the lowest thermal
conductivity but their high
resistivity dominates and has a
detrimental effect on the
thermoelectric figure of merit,
ZT. Samples prepared by the sol-
gel method exhibit relatively low
thermal conductivity and
resistivity and consequently the
best ZT. We discuss the
possibility of enhancing ZT
further in this type of material.

1. Introduction

Cu-based delafossites CuMO2,
where M is a trivalent transition

thé trong CuCrO2

CuCrO2 delafossite dang phan
I6p da thu hut sy cha y trong vai
trd 1a mot vat liéu nhiét dién day
hta hen do d6 dan dién cia nd
c6 thé tang dang ké nho pha tap.
Trong cong trinh nay, chiing t61
nghién ctu anh huong cua kich
thuéc tinh the va hinh thai hoc
dén d6 dan nhiét, hé s Seebeck
va dién tré suat, tat ca nhiing
tham sé quan trong anh huong
dén cac dic tinh nhiét dién.
Chung t6i da tong hop CuCrO2
da tinh thé theo ba quy trinh
(phan @ng trang thai ran,
phuong phap sol-gel va phuong
phép thuy nhiét), cho ra céac
mau c6 kich thuéc hat va hinh
thai hoc khac nhau rd rét. Bang
phuong phép thuy nhiét, ching
ta co thé tao ra duoc cic tinh thé
nho nhat c6 hinh luc gidc véi
kich thuéc ~ 20 nm. Nhiing
miu nay c6 d6 dan nhiét thap
nhat nhung dién tro suat cua
chung cao va c¢6 anh huong bat
loi dén chi s pham chat nhiét
dién, ZT. Cac miu dugc ché
tao bang phuong phap sol-gel
c6 d6 dan nhiét va dién tro Suat
tuong dbi thap va do d6 ZT tbt
nhat. Chang ta s& thao luan vé
kha nang ting cuong ZT hon
nira trong loai vat liéu nay.




metal, first attracted attention for
their p-type transparent
conductivity. This offers
potential applications in opto-
electric devices, photo-
electrochemical thin film
catalysts for water splitting,
steam reforming and gas
purification.1-3 The delafossite
CuCrO2 has a layered structure
in which Cu layers alternate with
layers of edge-shared CrO6
octahedra. Both layers consist of
two-dimensional triangular
lattices. This can result in high
electrical conductivities and high
Seebeck coefficients, similar to
NaCo02.4’5 CuCrO2  has
received much interest in the
search for new types of
thermoelectric materials and the
study of the origin of
thermoelectric properties in these
materials. Extensive studies have
been carried out on both
undoped and doped CuCrQO2, in
which the Cr site can be doped
with small concentrations of Mg,
Ni, and Co ions to reduce the
resistivity, especially Mg.6-9
The decrease in electrical
resistivity upon doping leads to
an increased power factor (PF)
S2s, where S is the Seebeck
coefficient and s is the electrical
conductivity. Mg-  doping
Improves the PF by an order of
magnitude compared to the
parent compound at room
temperature, which reaches 1.4 x




10-4 W (m K2)-1 at 800 K.10
Attempts have been made to
reduce the electrical resistivity
further by adding a co-dopant M'
including Zn, Ca, Ni and Co.4
The highest value of figure of
merit ZT — 0.10 is observed for
the compound

CuCr0 97-xMg0 03M'x0O2 with
M' — Ni and x — 0.04 at 1100
K, which is twice the value for
samples only doped with Mg.
Among other Cu-based
delafossites, an improved PF of
7.10 x 10-4 W (m K2)-1 has
been obtained for CuRhO
9Mg0102 over a  broad
temperature range between 400
and 1000 K.11 The CuFel-
XNixO2 series also exhibits high
power factors, reaching 5.1 x 10-
4 W (m K2)-1 for x — 0.01,
which has a ZT of 0.14 at 1100
K.8 However, all these Cu-based
delafossites exhibit large thermal
conductivities in the range 6-10
W (m K)-1.4’11 A reduction of
thermal conductivity is therefore
necessary to enhance the
thermoelectric figure of merit.
The overall thermal conductivity
k of a material is the sum of the
electronic and lattice
components, ke and kph
respectively. For oxide materials
in  which  the electrical
conductivity is low, the thermal
conductivity IS strongly
determined by the Ilattice
component. Therefore, aiming to




reduce the thermal conductivity
implies decreasing the heat
transport, notably by enhancing
the phonon scattering.
Approaches that have been used
involve increasing the degree of
atomic disorder by introducing
point defects, utilizing resonant
scattering by localized rattling
atoms, and enhancing phonon
scattering at interfaces by
nanostructuring.12-15 The
density of interfaces can be
increased by (i) reducing the
grain  size using different
fabrication methods, (i)
partitioning a precursor phase in
a thermodynamically  stable
product phase (such as thin rods
of Sb in an InSb matrix), and
(iii) fabricating low-dimensional
structures such as
nanotubes/nanowires and
superlattice structures.12’16-19

There have been several reports
in which tuning the grain size
can improve thermoelectric
performance. For  example,
reducing the grain size of
polycrystalline Si0 8Ge0 2 from
100 mm to 1 mm reduced kph by
almost a factor of two.20 A grain
size reduction from 5 mm to 150
nm in the skutterudite CoSb3
decreased kph from ~4 W (m K)-
1to~1W (m K)-1 at 700 K.21
Hot-pressed nanocrystals  of
(Bi,Sh)2Te3 with an average
grain size of 20 nm showed a
total thermal conductivity of 1.3




W (m K)-1 compared to 2.2 W
(m K)-1 for bulk ingots.22 In
copper- based systems, the
improvement of thermoelectric
properties by nanostructuring has
been reported for example in
Cu2- CdSnSe4 nanocrystals23
and Cul75Te nanosheets.24 As
the CuCrO2 system has been
widely studied with respect to
increasing the PF and thus ZT by
doping mainly on the Cr3+ site
to reduce the resistivity, it is
useful to investigate whether the
thermoelectric performance can
be  further improved by
decreasing the thermal
conductivity with smaller grain
size. Here we use different
synthesis methods to tune the
grain size and morphology, and
we discuss how this affects not
only the thermal conductivity but
also the other parameters that
influence the thermoelectric
figure of merit.

2. Experimental

2.1  Synthesis

Polycrystalline powder samples
of CuCrO2 were produced using
three methods: solid state

reaction, sol-gel and
hydrothermal synthesis. For the
solid state method, a

stoichiometric mixture of CuO
and Cr203 was calcined in air at
1200 °C for 12 hours. For the
sol-gel method, Cu(NO3)2xH20




and Cr(NO3)3-yH20 were used
as the precursors, which were
dissolved in distilled water with
NaOH as the mineralizer. Citric
acid or acetic acid was added to
the mixture with a molar ratio of
acid : cations — 2:1. The
obtained foamy solid gel was
crushed into powder and was
then fired at 650-900 °C to
remove the organic component
and to crystallize the CuCrO2
particles. In the hydrothermal
synthesis, Cu20 and Cr(NO3)3 -
xH20 were used as the reactants.
Cr(NO3)3-xH20 was dissolved
in water while Cu20 was
separately dissolved in NaOH (3
M). The concentration of Cu20
was varied from 0.25-3 mmol |-
1. The mixture was transferred to
a Teflon container which then
was put into a steel bomb and
sealed well. The bomb was
heated in the furnace to 190-220
°C for 60 hours, after which it
was cooled naturally to room
temperature in the furnace. The
mixture after reaction contained
a powder with small particle
size. It was washed with distilled
water until the pH reached 7 and
then washed with ethanol. The
wet powder was dried in an oven
at 120 °C.

2.2 Instrumentation

X-ray powder diffraction
(XRPD) patterns were obtained
with a Bruker D8 Advance




diffractometer  operating in
Bragg-Bren- tano geometry with
CuKa radiation. The patterns
were fitted using the GSAS
software suite.25 An X-ray
profile fitting program (XFIT)
was used to fit the individual
diffraction peaks using pseudo-
Voigt (PV) and split Pearson
(PVII) functions. The
morphology of the CuCrO2
particles was imaged using a
Philips XL-30 scanning electron
microscope (SEM) integrated
with an energy-dispersive X-ray
spectroscopy ~ analyser  for
qualitative and  quantitative
analysis of the elemental
composition of the sample
surface. A JEM  2010F
transmission electron
microscope (TEM), operating at
an accelerating voltage of 200
kV, was used for visualization of
the size and morphology of small
grains. A Physical Property
Measurement System (PPMYS),
in combination with Keithley
237, 236 source-measure units
and HP 3458A and Agilent
3458A multimeters, was used for
Seebeck coefficient and
electrical resistivity
measurement. A home-made
thermal conductivity setup was
designed for use with the PPMS,
using a turbomolecular pump
connected to the top flange of
the sample chamber to minimize
the heat loss by the residual gas.




The measurement was performed
using a one-thermometer, two-
heater technique. Here the
temperature difference IS
measured at the hot end of the
sample when using two heater
elements. These heaters are
mounted at different distances
from the thermal ground. The
wiring was designed such that
the heat loss of the wires was at
most 5% of the thermal
conduction to the thermal
ground. The time dependence of
the thermal response was
analysed in order to eliminate a
linear drift term from the
exponential decay upon
switching between the two
heaters.

3. Results and discussion

3.1 Characterization

The synthesis of CuCrO2 by
solid state reaction (SS) is
straightforward. Fig. 1la shows
the fitted XRPD pattern,
indicating a single delafossite
phase with the 3R structure. The
space group is R3m and the
refined lattice parameters are a
— 2.97528(5) A, ¢ — 17.107(3)
A at room temperature, which is
consistent with other studies.26-
28 Using the sol-gel (SG)
method, the powder obtained
from the dried gel was heated
further at various temperatures
between 650 and 900 °C. Only
samples heated above 850 °C
were single phase; at lower




temperature, diffraction peaks
corresponding to CuO or Cu20
and the spinel CuCr204 were
observed. Fig. 1b shows the
XRPD pattern of a SG powder
heated at 850 °C. The peaks are
broader than those of the SS
sample. The majority phase
corresponds to the 3R structure
with preferred orientation along
the [001] direction, as illustrated
by the stronger 006 peak
compared to the SS sample.
Some weak extra peaks are also
apparent (see inset of Fig. 1b)
and probably correspond to the
metastable  2H  structure.29
However, the peak positions are
not exactly in agreement with the
previously reported hexagonal
structure  with space group
P63/mmc;30 in our case it
appears that the 2H phase
undergoes a slight orthorhombic
distortion to a unit cell with
lattice parameters a' z a, b' z b3,
c' z ¢ where a — 2.9908(9) A, b
—5.277(2) A, c — 11.903(4) A.
This phase accounts for ~5
mol% of the sample. In the
hydrothermal (HT) synthesis
Cu20 concentrations above 1.0
mmol I-1 and low synthesis
temperatures of 180-200 °C
resulted in samples containing
CuO and other impurity phases
with sharp diffraction peaks,
although some CuCrO2 was
formed. When the synthesis was
carried out at 210-220 °C with a




Cu20 concentration below 1.0
mmol I-1, in most cases no sharp
impurity peaks were observed.
Fig. 1c shows the XRPD pattern
of a powder sample obtained
from this hydrothermal method.
The broad peaks indicate very
small grains and the pattern is
similar to those previously
reported for  hydrothermally
synthesized CuCr0O2.29°31 Our
as- synthesised samples
contained a mixture of 2H and
3R phases, as shown by the
splitting of the 102 peak into a
broad doublet in Fig. 2, which
presents the XRPD patterns of
samples  synthesized  using
various Cu20 concentrations and
temperatures. We notice that in
general there is no observable
difference  between  samples
sintered at 210 or 220 °C.
However, samples prepared with
low  Cu20 concentrations
sometimes contained CuO as an
impurity, as evidenced by the
sharp 11—1 and 111 peaks at
~35.7° and ~39.0° for the sample
synthesized at 210 °C with 0.25
mmol Cu20. To verify that the
main phase with broad peaks is
CuCr02, the powder was further
heated at 1050 °C to increase the
grain size. Phase analysis then
confirmed that the sample was
single phase 3R-CuCrO2; the 2H
phase disappeared with
annealing.

3.2 Particle size and




morphology

Fig. 3 shows SEM images of
CuCrO2 particles synthesized
using the three methods. The
grain size of the samples from
the SS and SG methods (Fig. 3a
and b) ranges from 2-5 mm. The
particles crystallize mainly in a
hexagonal shape as expected for
the delafossite
structure.2’4’10°32 For the HT
sample synthesized with 0.25
mmol Cu20 at 220 °C, in Fig.
3c, we observe that the grains
have a round shape instead of the
hexagonal shape observed for
the other two methods. The grain
size is smaller than 200 nm. The
round shape and small grain size
led to difficulties in pressing the
powder into pellets for transport
measurements as it was fluffy
and light. When heated at 850
°C, the particles become
hexagonal in shape although
they are thin (Fig. 3d). For the
CuCrO2 powder synthesized at
210 °C with 0.75 mmol Cu20,
the grain size is too small to be
visible by SEM. The TEM image
shown in Fig. 3e confirms the
very small grain size of ~15 nm.
Due to the overlap of broad
XRPD peaks for the
hydrothermal samples, only the
110 peak at 26 z 62° was suitable
for estimation of the average
crystallite size D using the
Scherrer formula33




where K is a constant ~1, | is the
X-ray wavelength, b is the full-
width-at-half-maximum  minus
the instrumental peak width, and
g is the diffraction angle.

It should be noted that the 110
peak gives an estimate of the
average crystallite size only in
the ab-plane direction. Further
more, fitting a single peak does
not allow evaluation of possible
peak broadening due to strain.
Table 1 presents the average
crystallite size calculation for
CuCrO2 samples from the three
methods. As expected, the
crystallite sizes of the SS and SG
samples are biggest (>100 nm),
as observed clearly in the SEM
images where the grain sizes are
several microns. We notice that
the crystallite sizes obtained
from XRPD for the HT samples
are well below 20 nm, which is
consistent with the TEM image
in Fig. 3e. Similar calculated
sizes that range between 20 and
38 nm have been reported
elsewhere for the HT CuCrO2
samples

Table 1 Estimated average in-
plane crystallite size D of
CuCrO2 determined by XRPD
for samples synthesized by
hydrothermal method (HT1-
HT4), sol-gel method (SG1-
SG2) and solid state reaction




(SS1-5S2)

with similar broadened XRPD
peaks.29°34°35 Despite the fact
that SEM is incapable of
resolving the small size of these
crystallites, the TEM image
suggests that we indeed obtain
nanocrystalline grains in the as-
prepared HT CuCrO2 samples.
Various samples were sintered at
high temperature to form pellets
for transport measurements. The
density was 80-85% for the SS
samples and ~75% for the SG
samples. Due to difficulties in
pressing pellets from the
hydrothermally synthesised
powder, these samples had much
lower densities of only ~45% for
sample HT2-2 sin-tered at 1050
°C and ~65% for sample HT2-1
sintered at 1200 °C. Thus, the
HT samples contain significant
voids between the powder
grains. Table 2 presents the grain
sizes of the sintered samples
estimated from SEM.

3.3  Electrical resistivity

CuCrO2 is reported to be a p-
type semiconductor, thus, the
electrical resistivity decreases
with increasing tempera-
ture.10°36-38 Fig. 4a shows that
this behaviour is observed for all
our CuCrO2 samples. The
resistivity of the SS sample at
300 K is ~10 U m, consistent




with that reported in the
literature.37 The SG method
reduces the resistivity by an
order of magnitude compared to
the SS sample, while the HT
synthesis increases the resistivity
by an order of magnitude. The
resistivity of the SG1-1 sample
(sintered at 1100 °C) is higher
than that of the

Table 2 Grain size d from SEM
for sintered CuCrO2 samples

Fig. 4 (a) Electrical resistivity of
different CuCrO2 samples as a
function of temperature. (b)
Room temperature resistivity
versus crystallite size.

SG1-2 sample (sintered at 1200
°C). This can be explained by the
larger grain size of SG1-2 with
fewer grain boundaries.
Similarly, the sample HT2-2
(sintered at 1050 °C) has higher
resistivity than HT2-1 (sintered
at 1200 °C) not only due to grain
size but also because HT2-2 is
much less  dense. The
morphology of the grains of the
SG samples is different from that
of the other samples as the
particles are more connected to
each other when the sample is
calcined at 850 °C, as apparent
in Fig. 3b. At this relatively low
temperature, the grain
boundaries are thus more limited
in number. When the powder is
pressed and sintered at higher




temperature, the grains grow
easily with a reduction in the
number of grain boundaries.
However, if the sintering is
performed at the relatively low
temperature of 1000 °C, the
sample is very fragile to handle.
This is the reason why the
samples were sintered at 1100 °C
and 1200 °C, although such high
temperatures lead to larger
grains without maintaining the
hexagonal shape as in other
samples. In the case of the HT
method, increasing the sintering
temperature also leads to a
decrease in resistivity. SEM
images (Fig. 5) reveal that the
inhomogeneity in the grain sizes
and grain orientations is reduced
at higher sintering temperature.
Obvious boundaries are still
observed between the grains.
Fig. 4b presents the crystallite
size dependence of the resistivity
at 300 K, which clearly indicates
that a lower resistivity is
observed for samples with larger
crystallite size and  fewer
boundaries between the grains.
These results also imply that the
grain size has a greater influence
on resistivity than the density,

since the SS sample was
significantly denser than the SG
samples but has  higher
resistivity.

The activation energies Ea were
calculated from the Arrhenius
equation expressing the relation




between the electrical
conductivity p and temperature
T. In(p) = p0 exp(—Ea/kT),
where p0 is the pre-factor and k
iIs Boltzmann's constant. The
fitted Ea of the SS sample is 0.27
eV, which is in good agreement
with literature.7°10°39 The fitted
activation energies of the
samples SG1-1, SG1-2, HT2-1
and HT2-2 are 0.28, 0.24, 0.26
and 0.25 eV, respectively. We
conclude that the activation
energies do not

Fig. 5 SEM images of (a) sample
HT2-1 sintered at 1200 °C and
(b) HT2-2 sintered at 1050 °C.

noticeably vary with the grain
size, even though the resistivity
can be modified by more than an
order of magnitude. This
indicates that the grain size
reduction process does not
change the nature of the
conduction but rather the pre-
factor of the Arrhenius equation.
This suggests that the current
path has been changed. In HT2-2
(sintered at 1050 °C), the small
and thin grains (hexagonal
flakes) orient in  different
directions as observed in Fig. 3d.
This may reduce the current
flow, resulting in a higher
resistivity. We note that doping
can lead to signifi-cant changes
in the activation energy because
it influences the carrier density
and mobility as well as the




nature of the conduction. Mg-
doped CuCrO2 exhibits a
decrease in Ea from 0.28 eV to
0.17 eV when the doping level is
2%.7 The change in activation
energy in this case originates
from 3D variable range hopping
in the doped sample which
exhibits power law behaviour
In(p) f (1/T)1/4.10 We conclude
that in our undoped case, the
resistivity is mostly determined
by the grain size and the
geometry of how the grains are
connected.

3.4  Seebeck coefficient and
power factor

Fig. 6 shows the Seebeck
coefficient as a function of
temperature and as a function of
crystallite size at 300 K for five
CuCrO2 samples. These
measurements are possible only
above 150 K due to the high
sample resistance with values
larger than the input impedance
of the wvoltmeter. Samples
prepared by the HT method have
the highest Seebeck coefficients
of ~800 mV K_1 at

Fig. 6 Seebeck coefficient of
different CuCrO2 samples as a
function of (a) temperature and
(b) crystallite size at 300 K.

300 K. At room temperature, this
Is about 25% higher than those
of other samples. The Seebeck
coefficients of the SG samples
are higher than that of the SS
sample over most of the




temperature range, but they are
similar at 300 K. The Seebeck
coefficient of the SS sample in
our measurement is significantly
lower than the reported value of
1100-1200 mV K-1 between 250
and 300 K with similar
resistivity.7 However, our value
of 641 mV K-1 at 300 K is
almost double that reported in
ref. 10 (350 mV K-1), where the
resistivity (2.75 U m) is a factor
of 3 smaller than our measured
value (8.2 U m). A more
insulating material typically has
a higher Seebeck coefficient than
a more conducting material,
which is in agreement with our
results.

Since the resistivity of undoped
CuCrO2 is high, the resulting
power factor (PF) is very low at
room temperature. The variation
of the Seebeck coefficients of the
CuCrO2 samples is small
compared to the variation in their
resistivities. Fig. 7a shows the
temperature dependence of the
PFs and Fig. 7b shows the
dependence of the PF on
crystallite size at 300 K. At 300
K, the PFs of HT2-1, HT2-2, SS,
SG1-1, SG1-2 are 0.015, 0.003,
0.05, 0.32 and 0.47 mW (m K2)-
1, respectively. The values for
the SG samples are comparable
with the reported value of

0. 44 mW (m K2)-1.10 The
PF increases significantly with
temperature for the SS and SG




samples, consistent with a
previous study up to ~900 K.37
The HT samples have the
smallest power factors, which
increase slowly with increasing
temperature. Due to the high
resistivity of CuCrO2 at room
temperature and below, the
suitability for thermoelectric
applications is more favourable
in the high temperature range,
where the resistivity decreases
rapidly while the high Seebeck
coefficient IS maintained,
resulting in a better PF. By
doping with Mg, the PF can be
increased by about two orders of
magnitude due to a reduction of
the resistivity.10 Among the Mg-
doped delafossites, the highest
reported PF is ~700 mW (m
K2)-1 between 400 and 1000 K
for CuRh0 9Mg0102.11

3.5 Thermal conductivity and
figure of merit

Fig. 8a and b show the
temperature dependence of the
thermal conductivity between 50
and 300 K and the crystallite size
dependence of the thermal
conductivity of the CuCrO2
samples at 300 K, respectively.
At 300 K, the hydrothermal
sample HT2-2 (sintered at 1050
°C) has a lower thermal
conductivity of ~4 W (m K)-1
than HT2-1 (sintered at 1200 °C)
for  which the  thermal
conductivity is ~8.2 W (m K)-1.
The thermal conductivity is




consistent with the observation
that sample HT2-1 has bigger
crystallite size and fewer voids,
which leads to better heat
transfer through the grains.
Sample HT2-2 had a density of
only ~45%, thus the large
number of voids decreases the
thermal conductivity
significantly. Samples SG1-1
and SS have similar thermal
conductivity of ~8.8 W (m K)-1.
These values are in agreement
with the previously reported
thermal conductivities of
CuCrO2 and Mg-doped CuCrO2
(synthesized by the solid-state
method) at room temperature,
which vary between 6.5 and 9.5
W (m K)-1.37 This study
showed that the thermal
conductivity of CuCrO2
decreases slightly with
increasing  temperature  from
300-900 K. Our current results
imply  that reducing the
crystallite size leads to a
decrease of the thermal
conductivity as intended, but at
the expense of increasing the
resistivity.

Fig.8 Thermal conductivity of
CuCrO2 as a function of (a)
temperature and (b) crystallite
size at 300 K.

Fig. 9 Figure of merit ZTof
different CuCrO2 samples as a
function of (a) temperature and
(b) crystallite size at 300 K.

Fig. 9a and b present the figure




of merit ZT of CuCrO2 as a
function of temperature and as a
function of crystallite size at 300
K, respectively. As the resistivity
of the HT samples is highest,
their ZT values are relatively
small. At 300 K, sample SG1-1
exhibits the best ZT of 1.1 x
10~5, which is an order of
magnitude higher than that of
sample SS. The increasing trend
of ZT with temperature for SG1-
1 is steep and promising for
better thermoelectric
performance at higher
temperatures. Extrapolating the
SG1-1 curve, we may expect that
ZT reaches ~0.01 at 1100 K.
Although the thermal
conductivity of CuCrO2
decreases  with  decreasing
crystallite and grain size, the
corresponding increase in
resistivity plays a  more
important role in determining
ZT. If the resistivity could be
reduced by doping with Mg, in
particular for the SG sample, the
PF and hence ZT might be
enhanced for the CuCrO2
system.

4. Conclusions
Hydrothermal (HT) synthesis
allows the preparation of
CuCrO2 comprised of ~10 nm
nanocrystallites. Samples
synthesized using a sol-gel (SG)
method consist of connected
platelets of 5 mm across,
whereas thick hexagonal grains




of size ~10 mm with well-
defined grain boundaries are
obtained using solid state (SS)
methods. Sintering results in
significant grain growth for all
the samples, where the small
crystallites of the HT samples
transform to thin hexagonal
flakes of micron size and the SG
samples exhibit less well-defined
grain morphologies and
boundaries. Smaller particle
sizes lead to lower thermal
conductivity as intended.
However, the  morphology,
density of particle interfaces and
orientation have a  more
dominant effect on the resistivity
leading to a lower figure of merit
ZT for the HT samples.
Therefore, reducing the particle
size of CuCrO2 using the HT
method is not advisable to
enhance ZT. The SG synthesis
route is more promising for
optimizing the thermoelectric
performance because it provides
both low thermal conductivity
and low electrical resistivity. If
Mg-doping can successfully be
carried out using SG synthesis,
we can expect a reduction in the
resistivity of about three orders
of magnitude.10,40 This can
enhance the figure of merit of
CuCr0O2 significantly.




