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The samples of Cu;_PtyFeO, (0 <x <0.05) delafossite were synthesized by solid state reaction method
for studying thermoelectric properties. The properties of Seebeck coefficient, electrical conductivity and
thermal conductivity were measured in the high temperature ranging from 300 to 960 K. The results of
Seebeck coefficient, electrical conductivity and power factor were increased with increasing Pt substi-
tution and temperature. The thermal conductivity was decreased from 5.8 to 3.5 W/mK with increasing
the temperature from 300 to 960 K. An important results, the highest value of power factor and ZT is
2.0 x 10~ W/mK? and 0.05, respectively, for x=0.05 at 960 K.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Today, thermoelectric materials [1-3] have been displayed their
potential as alternative sources of energy. The thermoelectric effect
refers to a phenomenon whereby a gradient of temperature is con-
verted directly into electrical current and vise versa. Furthermore,
thermoelectric generators can be used to converting waste heat to
produced by various sources to electrical power. The reverse effect
can be practiced in thermoelectric coolers of refrigerators and other
cooling systems. These conversion mechanisms have advantages
of not having moving parts. The performance of the thermoelec-
tric material is determined by the dimensionless figure of merit,
ZT=0S2T/k, where T is the absolute temperature, S is the Seebeck
coefficient, o and k are the electrical and thermal conductivity,
respectively [3-5]. Ideally, the ZT value approaches its optimum
value when ¢ and S are maximum, and « is as small as possible. As
the equation suggests, the efficiency increases at high temperature.

Conventional thermoelectric materials such as PbTe and Bi,;Tes
show high values of ZT; however, they easily decompose, oxidize or
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melt at high temperatures in air [6]. In fact, heavy metals in Bi-Te
and Pb-Te are costly and toxic [5]. This may result in a limited
use in practical applications of thermoelectric power generation.
Hence, the development of oxide materials with both high perfor-
mance and environmentally stable at high temperature is crucial for
practical applications. Recently, thermoelectric properties of oxide
materials have been shown conversion efficiency close to that of
conventional semimetallic materials. For example, thermoelectric
voltage and direct current conductivity of transition-metal oxides
such as NiO, NaCo,04 and Ca3Co40g9 have been reported to be large
at high temperature conditions [5-8]. In addition, CuFeO, com-
pound with delafossite structure has been reported to exhibit a
large value of S (544 wV/K) and PF (0.44 x 10* W/mK?) [9].
Delafossite compounds are classified in a group of ternary oxides
whose chemical formula is A"'B*'0, [10,11]. Its structure is formed
by alternative stacking layers of O-A-O dumbbell and BO, edge-
shared octahedral along with the c-axis. The A* cation is linearly
connection with 02~ anion in c-axis. The [BO; ]~ octahedral-shaped
are formed by charring of edge BO,. The trivalent B3* ions occupy
in the middle of the octahedral block. The delafossite crystal has a
unit cell structure of hexagonal (space group: R3m) and a primi-
tive structure of rhombohedral. The A-site cations are composed of
Cu, Ag, Pd, or Pt transition-metal ions maintained in a monovalent
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Fig. 1. The CuFeO, delafossite structure and its rhombohedral primitive cell structure.

state. The properties of delafossite are strongly dependent on which
types of A-site cations being used. Cu* and Ag* (d!9 inos) cations
areresponsible for semiconducting behaviors, while Pt* and Pd* (d®
inos) cations give rise to electrical conductivity. The B-site cations
mostly consist of trivalent transition metals (Cr, Mn, Fe, Co, Ni, Rh),
group Il metal elements (Sc, Y, La), group 13 metal elements (Al, Ga,
In, TI), or rare earths (Pr, Nd, Sm, Eu). There are many compounds
in a delafossite group such as CuFeO,, CuCo0,, PdCo0, and PtCo0,
[10-12]. The delafossite structure and rhombohedral primitive cell
structure of CuFeO, are shown in Fig. 1. The Cu-based and Ag-based
delafossite such as CuFeO, or AgCoO,, clearly display semiconduct-
ing behavior [11,13], while the Pd-based and Pt-based delafossite
such as PdCo0, or PtCoO, are metallic conductors [11,12].

Moreover, many studies have reported that CuFeO, delafos-
site has a ZT value approximately 0.04 at 960 K [14]. Other studies
report that the ZT value of CuFeO, was improved by doping triva-
lent and divalent metal such as Ni, Mg Co and Ti [14-16]. However,
upon doping the ZT was increased by less than 0.05 at 960K.
Recently, many studies have report that the Ag cations can be
doped into the Cu-based delafossite such as Cu;_yAgxRhO, [17],
Cuq_xAgxCrO, [18], and Cuq_,AgxAlO, [19], causing the ZT value
to improve slightly. To the best of our knowledge; however, there
has been no report concerning the improvement of the ZT value by
substituting Pt cations into Cu-base delafossite.

This paper aims to improve the ZT of CuFeO, delafossite by Pt
substitution using solid state reaction method. The effect of partial
substitution of Pt into the CuFeO, on the thermoelectric properties
has been investigated. Finally, the X-ray diffraction (XRD), the See-
beck coefficient, electrical and thermal conductivity, power factor
and the ZT value are discussed. The thermoelectric properties of the
Cuq_xPtyFeO, delafossite by partial substitution of Pt into CuFeO,
in content of x for 0.0 <x<0.05 using solid state reaction method
are reported.

2. Experimental
Bulk specimens of polycrystalline Cu;_xPtyFeO, with 0 <x < 0.05 were synthe-
sized by a conventional direct solid-state reaction [20,21] according to the following

equation:

2(1-x)CuO + 2(x)PtCl, + Fe;03 — 2Cu(;_y)PtFeO, +2Cl 4 (1/2)0;

Stoichiometric amounts of high-purity powders CuO (Merk, 99.98%), Fe,03
(Sigma-Aldrich, Inc., 99%), and PtCl, (Sigma-Aldrich, Inc., 98%) were sufficiently
mixed and ground in an agate mortar to ensure homogeneity. A homogenous mix-
ture was obtained and cool pressed into pellets of 12 mm diameter with 2-3 mm
thickness. The resulting pellets were sintered by performing on the alumina boat
in furnace at 1050°C under air atmosphere for 15-25 h. After heat treatment, the
samples were rapidly quenched to room temperature. The heated pellets were
repeatedly subjected to grounding, pellet, and firing procedures for several times
until the pure phase of samples was obtained.

The single phase of samples was characterized by the powder X-ray diffraction
(XRD) of PHILIPS model: X’ Pert MPD using Cu Ka radiation with 260 =10-80° with
0.02 steps. The lattice parameter was determined by the Rietveld refinement pro-
gram, X'Pert High Score Plus V2.0a. Microstructures of the samples were observed by
scanning electron microscope (SEM) using the JEOL model: JSM-5410. The decom-
position analysis of the samples was analyzed using thermogravimetric method (TG)
by the Pyris Diamond TG/DTG (Perkin Elmer Instrument) under air atmosphere. The
electrical conductivity and Seebeck coefficient were simultaneously measured on
the 4.2 mm x 2.5 mm x 20 mm sample bar using the ULVAC-RIKO ZEM-2 thermo-
electric property measurement system under a low-pressure Ar atmosphere. The
thermal conductivity was determined from thermal diffusivity and specific heat on
pellets of 12 mm diameter with thickness of 1.6 mm by using the ULVAC SINKU RIKO
Inc. model: TC-7000 laser-flash method under N, atmosphere. The Hall coefficient
measurements were performed on the sample bar of 1 cm x 1 cm x 0.25 cm by using
the Ecopai Hall measurement system model: HMS-30000 with high magnetic field
strength 1.0 T at room temperature.

3. Results and discussion
3.1. Material characterization

Fig. 2 demonstrates the XRD patterns for samples of CuFeO,
and the Cuy_,PtyFeO, for x=0.01, 0.03 and 0.05, respectively. The
XRD peaks of the CuFeO, exhibit crystal phase of delafossite-type
structure for space group: R3m corresponding to the standard ICSD:
01-075-2146 file [22] and an impurity phase of CuO related to the
standard ICSD: 01-089-5897 file [22]. The others, the XRD patterns
of x=0.01, 0.03 and 0.05 display all peaks with relation to the peak
of CuFeO,.

The lattice spacing parameters of CuFeO, and Cu;_xPtyFeO, for
x=0.01, 0.03 and 0.05 are shown in Fig. 3. The lattice constant of
Cuq_xPtyFeO, samples depends on the Pt in content of the x. The
lattice distance of CuFeO, for the a-axis and the c-axis are obtained
and confirmed with the finding of previous works as given 3.0334 A
and 17.1598 A, respectively, which agrees with the standard file of
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Fig. 2. The XRD patterns of the CuFeO, and the Cu;_,PtyFeO, samples with Pt con-
tent of x=0.01, 0.03 and 0.05.

ICSD: 01-075-2146 [22,23]. In addition, the Cu;_,PtyFeO, samples,
the c-axis rapidly increase with increasing Pt content of x, while the
a-axis length still remains unchanged with increasing the x content.
The effect of the c-axis increases with Pt content of x due to par-
tial substitution of large ion Pt'* (0.60A) [24] into Cu'* (0.46A)
site.

The morphology of the microstructure of Cu;_yPtyFeO, for
x=0.0,0.01,0.03 and 0.05 samples were observed by SEM as shown
in Fig. 4. The microstructure of all samples shows the giant crystal
grand size (>6 wm) indicating the complete reaction in sintering
process.

The decomposition of CuFeO, sample is clearly verified by ther-
mogravimetric method (TG) in weighting loss as shown in Fig. 5.
According to the entire range of measurement under the atmo-
sphere, the first peak (368 K) is shown the effect of humidity and
the second peak (495K), oxygen is inserted approximately 0.05%
into Cu layers [25-27]. The third weight loss at 556 K is originated
due to oxygen excess. It is also interesting to point out that the end
of the oxygen weight loss is in temperature at 980 K. Its total weight
loss is approximately 0.9% which is equivalent to the oxygen con-
tent of 0.14 atoms per unit formula as indicated § of the chemical
formula CuFeO(,.s). An abrupt weight loss is observed at the tem-
perature beyond 1365 K, indicating the melting point of the CuFeO,
sample.
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Fig. 3. The lattice parameters as a function of Pt concentration in x content of the
Cuy_xPtyFeO, (0 <x <0.05) samples.
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Fig.4. The microstructure on cutting surface of the Cu;_,PtyFeO, (0 <x <0.05) sam-
ples.
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Fig. 5. The TG curve of the CuFeO, sample with temperature range from 300 to
1400 K.

3.2. Thermoelectric properties

Fig. 6(a) shows the Seebeck coefficient (S) of Cu;_xPtyFeO, sam-
ples as a function of temperature in the range between 300 and
960 K. The results show that the Seebeck coefficients are positive
sign over the measured temperature range for all samples, and they
remain positive upon substitution. These results indicate that the
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Fig. 6. (a) The Seebeck coefficient of the Cu;_4PtyFeO, (0 <x < 0.05) samples vs. the
temperature range from 300 to 960K. (b) The curve of the Seebeck coefficient vs.
1000/T.

Cuy_xPtyFeO, samples with Pt substitution show p-type conductor
of the thermoelectric materials. Moreover, the Seebeck coefficient
of Cuy_xPtyFeO, samples tends to increase with increasing tem-
perature. However, the values of Seebeck coefficient decrease as a
result of increased the Pt content of x. The Seebeck coefficient at
300K is 261, 249, 242 and 240 wV/K for content of x=0, 0.01, 0.03
and 0.05, respectively. The average value of the Seebeck coefficient
of samples increases from 250 to 290 wV/K when the temperature
increases. The maximum value of S at a high temperature (at 960 K)
is 290 wV/K. This operating point might be suitable for high tem-
perature thermoelectric devices. In addition, the results show that
the Seebeck coefficient of Cu;_yPtyFeO, samples is dependent on
temperature and it decreases as a result of substitution of x content.

According to Fig. 6(a), the lowest value at 300K for the Seebeck
coefficient of Cuy_,PtyFeO, sample for x=0.05 is 240 wV/K which
approximately reduces 8% comparing with the CuFeO, sample
(261 wV/K). The maximum value of the reduced Seebeck coeffi-
cient of Cuy_yPtxFeO, samples (8%) is less than the reduced value of
CuFeq_4Nix0, (26%) [14] and CuFe;_4Znx0, (43%) [28], at temper-
ature 300 K. This result implies that Pt'* substitution in Cu*! site of
CuFeO, delafossite has fewer effects on the Seebeck value than the
doped impurity of trivalent (such as Ni, Zn) in Fe3* site of CuFeO,.

In applying p-type semiconductor, the relation of the See-
beck coefficient is given by S=(kg/e)[(Er — E,)/kgT] [29], where kg
is the Boltzmann’s constant, e is electronic charge constant, E,
is the energy of the valance-band edge, Er is the Fermi energy
level and T is the absolute temperature. The activation energy for
the production of free carriers Es=(Er—E,) is obtained by plot-
ting the S vs. 1000/T as shown in the Fig. 6(b). The average of E;
value for all Cu;_yPtyFeO, (0 <x <0.05) samples is 27.5 meV. The
result is slightly higher than the thermal energy at room temper-
ature (kgT3gok =25 meV). Consequently, this value indicates that
Cuq_xPtyFeO, (0 <x <0.05) samples are good semiconductor mate-
rials which are shallow acceptor doping level for thermoelectric
devices because the charge carriers are ionized near the room tem-
perature for conduction mechanism.

The electrical conductivity (o) of Cu;_yxPtyFeO, samples as a
function of temperature in the range of 300-960K is shown in
Fig. 7(a). The electrical conductivity of all samples is rapidly raised
along with the increasing temperature and the increasing x con-
tent of Pt substitution. The values of o at 300K for content of x=0,
0.01, 0.03 and 0.05 are 3.5, 5.0, 8.0 and 11.0S/cm, respectively.
For the sample of x=0.05 at room temperature, the o (11.0S/cm)
value is approximate four times larger than that of the CuFeO, sam-
ple (3.5S/cm). For a high temperature at 960 K, the values ofo are
12.5, 16.5, 19 and 23 S/cm for x=0.0, 0.01, 0.03 and 0.05 respec-
tively. The maximum value of the o is 23S/cm for x=0.05 at a
temperature of 960 K which points out that CuFeO, substitution
by the Pt is suitable to use at high temperature for thermoelectric
power devices. Fig. 7(b) shows the Arrhenius plot of Cu;_,PtyFeO,
(0 <x<0.05) samples plotted by logo vs. 1000/T in temperature
ranging from 300 to 960 K. The Arrhenius plot corresponds to tem-
perature dependence in equation o =Aexp(—Ey/kgT) [29], where
kg is the Boltzmann'’s constant, E, is the activation energy of con-
duction and A is a constant value. The activation energies (Ey) in
the Arrhenius plot, logo vs. 1000/T are 49, 46, 33 and 28 meV
for samples with x content=0.0, 0.01, 0.03 and 0.05, respectively.
These results show that the tendency of the activation energy (Ey)
decreases with increased the x content as the behavior of semi-
conducting of transition oxide. Fig. 7(c) shows the results of the
activation energy reduces with increased Pt substitution of x con-
tent. These results exhibit that the E, tends to fall to zero as the
substitution of x content reduces to 0.15, when metallic conduction
occurs. Fig. 7(d) shows the plot of Mott's model for Cuy_PtxFeO,
(0<x<0.05) samples with plotting temperature dependence in
equation o =Bexp[—(T,/T)!/*] [29] where B and T, are constant
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Fig. 7. (a) The electrical conductivity vs. the temperature range from 300 to 960 K.
(b) The curve of log o vs. 1000/T (c) The activation energy (E,) as a function of the
Pt substitution in x content. (d) The curves of log o vs. 1/T'/4.

value. The zero slope of the Mott equation implies the temperature
independence of conduction which exhibits metallic behavior. The
plotted results of logo vs. 1/T'/4 in Fig. 7(d) display that x=0.05
which is close to zero slope. This confirms that Cu;_,PtyFeO, sam-
ple for x=0.05 is a good semiconductor. In addition, the linear slope
oflog o vs. 1/T4 in Fig. 7(d) suggests that a variable-range-hopping
mechanism is reasonable for all samples of Cu;_,PtyFeO, delafos-
site.

According to Fig. 7, the maximum conductivity value at 300K is
11 S/cm for x=0.05 of Cu;_,PtyFeO, sample, approximately 4 times
higher than the CuFeO, sample (3 S/cm). It is interesting to point
out that the highest conductivity (11S/cm) of the Cuy_,PtyFeO,
(x=0.05)samples at 300 Kis clearly higher than the highest value of
most delafossite compounds such as Cu;_yAgxRhO; (5S/cm) [17],
Cuq_xAgxAlO; (2S/cm) [19], and CuFe;_4NixO, (8 S/cm) [29]. These
results imply that Pt'* substitution in the Cu*! site for CuFeO,
delafossite has higher effects in electrical conduction than Ag sub-
stitution in the Cu*! site and the doped impurity of trivalent (such
as Ni, Mn, Co) into Fe3* site. The difference value of the electrical
conductivity and the activation energy of CuFeO, samples between
before and after substituting Pt imply that the difference trans-
port mechanisms in CuFeO, and Cu;_,PtyFeO, samples is a result
from the Pt substitution in the Cu-site. The p-type (hole) con-
ductivity of the CuFeO, sample is dominated by d-orbital holes
in Cu* (3dg4s;) with electric charge compensation of Cu2* (3dg).
For Cu;_4PtyFeO, samples, the number of hole carriers increases
due to ionized charge from the d-orbital of Pt* (5dg6sq). In sum-
mary, the increase electrical conductivity by the Pt substitution
in Cuq_4PtyFeO, samples is enhanced because the increased hole
carriers are introduced into the Cu-site.

From the equation of electrical conductivity, the relation
is given by o=eNu where e is the carrier charge, N is the
carrier concentration, and g is the mobility for carriers. For
the electronic transport in semiconductors, the charge carri-
ers must be excited from bound charges to free charges, and
then they are moved by mobility mechanism. Consequently, the
electrical conductivity of the semiconductors is expressed by
o =eNyexp|—(Er — Ey)/kgT| o eXp(—Ey/kgT) [29], where Nr is the
effective density of states of charge carrier, and 1, is the mobil-
ity constant. Thus, the overall activation energy for conductor (E)
is a combination of two components as the relation E; =E;, +E; [29],
where E; is the activation energy for carrier mobility. The value of
E, is obtained from the equation p=Dexp(—E,/kgT), where p is
the mobility of carrier and D is a constant value. From the average
value of Es (27.5meV) and the value of E; (49, 46, 33 and 28 meV
for x=0.0, 0.01, 0.03 and 0.05, respectively), the values of E, of
Cuy_yPtyFeO, samples are 21.5, 18.5 5.5 and 0.5meV for x=0.0,
0.01, 0.03 and 0.05, respectively, which are less than the thermal
energy at room temperature (kgT300k = 25 meV). The small value of
E, implies that the temperature dependence for conductivity of the
Cuy_xPtyFeO, samples is major effect from the activation energy for
carrier production. Therefore, these results confirm that the p-type
conduction of Cu;_,PtyFeO, delafossite is a good semiconductor
because of the ionized free carrier occurred by activation energy
near the room temperature and the moving free carriers using the
activation energy of mobility smaller than the thermal energy at
room temperature.

For measurement of the Hall effect of Cu;_PtyFeO, (0 <x <0.05)
samples at room temperature, the results exhibit p-type carrier
(hole) consistent with positive sign of Seebeck coefficient in Fig. 6.
The hole carrier concentrations which are calculated from Hall con-
stant (Ry) by the relation Ry = 1/pe [29] are 1.56 x 1018, 3.86 x 1018,
8.08 x 1018 and 4.04 x 10'? cm~3 for x=0.0, 0.01, 0.03 and 0.05,
respectively as shown in Fig. 8. The concentrations of hole carries
are belong to high impurity doping of semiconductor which is dif-
ficult to find out. The results show that the hole densities increase
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withincreased Pt substitution of x content. The Hall mobility (uy) of
samples which is estimated from the relation o = peuy [29] are 8.6,
6.0, 4.5 and 1.8 cm?2/Vs for x=0.0, 0.01, 0.03, and 0.05, respectively
as shown in Fig. 8. The value of Hall mobility in the region from
1.8 to 8.6 cm?/Vs implies that Cuy_,PtyFeO, samples not display
the behavior of small polaron because the mobility of the polaron
mechanism is lowers than 0.1 cm?2/Vs [29].

Fig. 9 shows the power factor (PF=0S52) of Cuy_yPtyFeO,
(0 <x<0.05) samples calculated from the measured electrical con-
ductivity and Seebeck coefficient as function of temperature in the
range of 300-960 K. The power factor of all samples is increased
with increasing temperature. The power factors at 300K for x=0,
0.01, 0.03 and 0.05 are estimated to be 0.2 x 1074, 0.3 x 104,
0.5x 107% and 0.7 x 10~* W/mK?, respectively. The highest power
factors of Cuj_xPtyFeO, samples at 960K are 1.1 x 1074, 1.5 x 1074,
1.7 x10~% and 2.0 x 10~#W/mK? for x=0, 0.01, 0.03 and 0.05,
respectively. The maximum power factor at room temperature is
0.7 x 104 W/mK? at x=0.05. The Cu;_,PtyFeO, sample for x=0.05
shows highest value of power factor reaching 2.0 x 10~4 W/mK?2
at temperature 960K. The PF value of Cuq_,PtyFeO, sample
for x=0.05 at 960K displays 2 times and 3 times higher than
the CuFeO, sample at 960K and at 300K, respectively. More-
over, the highest PF value of the sample for x=0.05 at 960K
is higher than those reported of CuFeO, (PF=1.4 x 10~* W/mK?)
[28], CuFe;_4NixO5 (PF=1.8 x 104 W/mK?)[15], and CuAl;_,Fex0,
(PF=0.9 x 10~ W/mK?) [30].

4593
7.0 ———————1——1——1——1——1 7.0
65 Cu, Pt FeO, 65
Q L —u—x=0 p
g 6.0 | —A—x=0,01 460
= LA x=0.03 1
: 55 | \' —e—x=0.05 455
T 50 Ax‘\.-—_h. 450
=]
§ a5} n @ Ja5
\
E [ \ A—_
T 40t .\ == H40
£ n |
L ~— 4
E 35| .‘_—'_". —135
3 &
3.0 P R T [P R R S | 3.0
300 400 500 600 700 800 900 1000

22 2.2
20F Cu, PtFeO, e 120

< s =A—r — 18

e [ —a—x=0.01 - 1"

S 16} x=0.03 . 418

= I —e—x=0.05 ®

+ 14+ / A ~41.4

L -

% 12} /‘ /A 412

= F [ ] A n |

ICERE S / - 410

_Es’ r . /.

- 08F [ ] 408

s ..l e o

S 06 - / Hos

I — -

L ooalf A Joa

[ 3 ‘/

g 0.2 402

n- 00 1 n 1 1 1 1 1 1 1 n 1 n 1 n 1 00

300 400 500 600 700 800 900 1000

Fig. 9. The power factor of Cu;_,PtFeO, (0 <x < 0.05) samples vs. the temperature

Temperature (K)

range of 300-960 K.

Temperature (K)

Fig. 10. The thermal conductivity of the Cu;_4PtyFeO, (0 <x < 0.05) samples vs. the
temperature range from 300 to 960 K.

The temperature dependence of thermal conductivity on
Cuy_PtyFeO, (0 <x <0.05) samples as function of temperature in
the range from 300 to 960K is shown in Fig. 10. The samples were
measured by using a laser flash method with the relation of k = dCpa
[31], where d, G, and a are the density of sample, specific heat and
thermal diffusivity, respectively. The bulk density of Cu;_,PtxFeO,
samples for x=0, 0.01, 0.03 and 0.05 are 5.22, 5.21, 5.20 and 5.19,
respectively, as exhibited in Table 1. The ratios of bulk density to
calculation density of Cu;_,PtyFeO, samples have ranging from 91
to 96%. The results of thermal conductivity of Cu; _,PtyFeO, samples
decrease as a result of increasing temperature as shown in Fig. 10.
The k values of Cu;_,PtyFeO, samples lead to minimal increase with
increased Pt substitution x content. The « values of CuFeO, sample
are in the range from 5.8 to 3.5 W/mK with a region of tempera-
ture 300-960 K. For Cu;_,PtyFeO, sample for x=0.05, the k value
is slightly higher about 1.1 time than that value of CuFeO, sam-
ple. The minimum of « value (3.5W/mK) is in CuFeO, sample at
high temperature 960 K. The yield of thermal conductivity exhibits
that Cu;_,PtyFeO, samples decrease with increased temperature.
Therefore, the high value of Z and ZT of Cuy_,PtyFeO, samples is
dominant to occur in high temperature because the « value still
contains minimum value in high temperature.

The total thermal conductivity (k) consists of the two compo-
nents: the lattice (phonon) component and electronic component
as in following the reaction « =k, + k. [31], where the «; and k. are
the thermal conductivity of phonon and the electronic contribution,
respectively. From the Wiedmann-Franz law [31], the . is related
by ke=LoTo, where L, is the Lorenz factor (2.45 x 1078 WQ/K?2), T
is the absolute temperature, o is the electrical conductivity. From
the highest o value (23 S/cm) of Cu;_4PtyFeO, samples for x=5 at
960K, the i, value is 5.409 x 10~2 W/mK which is 1.545% of the
total x value. This result indicates that the major effect of thermal
conductivity of Cu;_,PtyFeO, samples is dominated by the phonon
mechanism part.

For the lattice thermal conductivity (k;), The Umklapp scat-
tering contribution in the phonon scattering process is expressed
by Ky =08[(Tm)32M(716) p23]1T(-1) [32], where Ky is the Umklapp
phonon thermal conductivity, § is the proportionality constant,

Table 1
Bulk densities of the Cu;_4Pt;FeO, (0 <x <0.05) samples and their ratios to the
theoretical density.

X 0.0 0.01 0.03 0.05
Density (g/cm?) 5.22 5.21 5.20 5.19
Ratio (%) 96.84 95.94 94.20 91.97
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Fig. 11. The dimensionless figure of merit (ZT) of Cu;_,PtyFeO, (0 <x <0.05) sam-
ples vs. the temperature range from 300 to 960 K.

T is the melting temperature, M is the average atomic mass, p
is the density, and T is the operation temperature. The Umklapp
relation implies that the «,, value is proportion to inversion of tem-
perature. From Fig. 10, the thermal conductivity of Cuj_yxPtxFeO,
samples can plot in function of inversion temperature as the rela-
tion of k vs. 1000/T. The curve can show the thermal conductivity
of Cuy_4PtyFeO, samples linear with T-! corresponding with the
Umklapp relation. This result indicates that the major effect of ther-
mal conductivity of Cu;_,PtyFeO, samples is controlled by phonon
mechanism with contribution by the Umklapp scattering. From
the Umklapp relation, the minimum of thermal conductivity for
Cuq_PtyFeO, samplesisoccurred by operating in high temperature
near melting point (1365 K) temperature.

The temperature dependence of ZT for Cu;_,PtyFeO, samples
in temperature ranging from 300 to 960K is exhibited in Fig. 11.
The ZT values are also calculated from Z value and temperature.
The results show that the ZT of Cu;_,PtyFeO, samples rapidly is
raised with increasing the temperature. In addition, the ZT values of
Cuy_xPtyFeO, samples are increased with increased Pt substitution
of x content. The maximum ZT values of Cuy_,PtyFeO, samples are
0.03,0.038,0.044 and 0.05 forx=0, 0.01, 0.03 and 0.05, respectively,
at 960 K. Obviously, the Cu;_4PtyFeO,sample of x=0.05 exhibits
the highest value of ZT (=0.05), at 960 K. This value is higher than
those reported of CuFeQ, (ZT=0.025) [28], CuAlO, (ZT=0.004) [19],
Cuq_xAgxAlO, (ZT=0.016) [30], and CuFe;_4NixO, (ZT=0.045) [14].

4. Conclusions

The objective of this study was to improve ZT value of CuFeO,
delafossite by Pt substitution in content of x=0.0, 0.01, 0.03, 0.05.
The samples were prepared by the conventional solid state reac-
tion method. The results of this study show that CuFeO, sample is
decomposed at temperature over 1365 K. The properties of Seebeck
coefficient, electrical conductivity and thermal conductivity were
measured and discussed in the high temperature ranging from 300
to 960 K. The Seebeck coefficient of all Cu;_,PtyFeO, samples not
only display the p-type semiconductor, but also show the Seebeck
coefficient at 300K in 261, 149, 242 and 240 wV/K for x=0, 0.01,
003 and 0.05, respectively. It is also to point out that the average
Seebeck coefficient in high temperature (at 960K) is in the order
290 wV/K. In addition, the room temperature of the electrical con-
ductivity increases from 3.5 to 11 S/cm with increased Pt content
of x. The highest electrical conductivity is 23 S/cm for x=0.05 at

960 K. Furthermore, the highest power factor is 2.0 x 10~% W/mK?
for x=0.05 at 960K. The thermal conductivity of CuFeO, sam-
ple decreases from 5.8 to 3.5 W/mK with increasing temperature.
The minimum thermal conductivity is 3.5 W/mK of CuFeO, sample
at 960 K. Most interestingly, the highest ZT is 0.05 for x=0.05 at
960 K. These results suggest that the effect of small Pt substitution
into CuFeO, improves the thermoelectric properties and enhances
the good semiconductor behavior. In summary, the present work
demonstrates that CuFeO, substituted by Pt has been given an
enhanced performance on thermoelectric material. It will be inter-
esting to see that Cu;_,PtyFeO, delafossite material in the future
can be invented the thermoelectric device for covering heat loses
at high temperature.
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