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K = K + Koy
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The Cull; o FessO- delafossite oxide has been svathesized by solid state reaction method
for studving thermoelectric properties and measuring thermoelectric generator outpul
electric power. The Finite Element technique was used to compute the output voltage
of thermoelectric generator in applving temperaiure difference on a single bar and a
module model with compared 1o the measurement results. The measurement results of
paositive sign Seebeck coefficient confirm the p-type conductor of the sample. The prop-
erties of Seebeck coefficient. electrical conductiviry, and thermal conductivity are range
from 260 1o 310 V/K, from 7 to 16 Sfem and from 2.5 1o 3.5 Wem-K respectively, in the
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CutAlypFe s 10, Delatossite Thermoelectric [2591/103

temperature range of 300 10 960 K. The output voltage of the single bar in dimension
4.2 % 2.5 % 20 mm’ obtained 0.5 10 3 mV on applying temperature difference from 1 10
1) K closely 1o the Finite Element result. The computing resulis of the thermoelec-
tric single bar and module in high temperature reveal the output electric voltage of
CuAlyoFe,»0: oxide raises with the temperature and the number of thermoelectric leg
increase. In important results, the high value of electric voltage is obtamed 0.2 and
0.4 ¥ for the single bar and the module ar 950 K.

Keywords Delafossite oxide: thermoelectric materials: thermoelectric module: ther-
moelectric generator: Hinite element analysis

1. Introduction

The thermoclectric effect H—4] is referred (o phenomenon in materials which can generate
clectricity from heat and can converse electricity to temperature gradient. The fist effect
can apply for converting heat to electric power as called thermoclectric: generator and
another effect can produce different temperature from applying electric energy as called
thermoelectric coolers. The thermoelectric generator can apply to clectric energy insatelhite,
watch. car. ete. Fusthermore. the thermoelectric power generator can recover waste heat to
clectricity from various source of waste beat such as: waste heat from engine power plants.
high temperature furnaces in industrials and exhaust gas from gasoline engine in vehicles.
The reverse elfect as thermoelectric coolers can apply for cooling systems such as: CPU
cooling. can cooler. vaceine cooling ete.

Recently. there has been a growing interestin thermoclectric materials due to displaying
their potential foralternative sources of energy. The performance of thermoclectric materials
is characterized by the values of Power Factor. ($%a ). and dimension less Figure of Merit,
7T = TS%s /i, where S is the Seebeck coefficient. o and x are the electrical and thermal
conductivity and 7 is temperature. respectivelv, Ruttanapun ef af. [ S| and Parkef ol [6] have
reported that CuFeO» and CuAlO; as delafossite-type compounds display high performance
for thermoelectric materials. Also. this compound is interesting for thermoelectric generator
materials. The delafossite compounds are classified in a group of ternary oxides whose
eeneral formula is ABOyand chemical formula is ATBTMO, [729] Tts structure is formed
by alternative stacking lavers of O—A—O dumbbell and BO, edge-shared octahedrat along
with the c-axis. The A7 cation is linearly connection with C)zf antion in c-axis. The [BO» |~
octahedral-shaped are formed by charring of edge BO;. The trii':'dem'Bf”* ions occupy in the
middle of the octahedral block. The delafossite erystal has a unit cell structure of hexagonal
{space group: R3m). The compounds in a delafossite group consist of CuFeOs. CuAlO;.
CuCo0,. PtCo0, and PdCoO, ete. [10-13], Furthermore, the delafossite compound can
be synthesized in chemical formula of mixing in B site such as: CuNihpTi20O2 [14]
AgN!;;:T} ;)13(;)3 [}53 ,Agi\zj},/gc&')ng(}z i](}} ;AgCU]/QE\’iﬂy_j()g l 17] and CuAh]gCﬁ/;}()g E 1 S]
To the best of our knowledge: however. there has been no report concerning the preparation
of CuAlpFe20; compound.

On this work aims to prepare CuAlynFe »O; compound using the sohd state reaction
method for thermoelectric generator materials. Its physical properties are characterized in
the x-ray diffraction (XRD). electrical resistivity, Seebeck coefficient. and thermal con-
ductivity. The thermoelectric generator measurement is performed on a single bar. The
obtained thermoelectric properties of the sample are then used to evaluale the power of a
thermoelectric module made from the bar by using Finite element method.
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2. Material and Methods

2.1 Preparation and Measurement

Polvervstailine CuAljpFe»0, sample was synthesized by a direct solid-state reaction
method, Stoichiometric amounts of high-purity powders CuO (Merk. 99.98%). Fex0;
{Sigma-Aldrich. Inc.. Y9% ) and AI203 (Fluke: 99.99% ) were sufficienty mixed and ground
in an agate mortar o ensure homogeneity. Once a homogenous mixture was obtained. then,

it was cold pressed into pellets. The resulting pellets were sintered by executing inside
atumina boat in furnace at 1050°C in air for 15-25 hours. After heat treatment the samples
were rapidly quenched to room temperature. The heated pelets were subjected o grinding,
peflet and firing procedures for several times until the pure of samples were obtained.

The crvsiallography of the samples was determined by the powder X-ray diffraction
(XRD) of PHILIPS model: X° Pert MPD using Cu Ko radiation with 26 = 107 to 807
with 0.02 steps. The lattice parameter was determined by the Rietveld refinement pro-
gram. X Pert High Score Plus V2.0u. The microstructure and chemical composition of
the samples were observed by 4 scanning electron microscope {SEMy of the JEOL model:
JSM-6301F coupled with-an Energy-Dispersive X-ray spectroscopy (EDS) model: ISIS
300. The clectrical conduetivity and Seebeck coelficient were simultaneously measured by
using an ULVAC-RIKO ZEM-2 measurement system under a low-pressure He atmosphere.
The thermal conductivity was determined from thermul diffusivity and specific heat was
measured by using 1 UEVAC SINKU RIKO Inc. (Model: TC-7000H) iaser-tlash method.

A single barof the CuAloFe» 07 sample in cross sectionof 4.2 = 2.5 mm” and height
of 20 mmn with copper contact is used to measure the thermoelectric power generator. On
measurement. the hot temperature was applied on top end of the sample bar and the cold
temperature was applicd on bottont end of the sample bar. A resistor {R) for 50 W 50 A
with applicd electrical current was used to zenerate the heat on the hot side (7) of the har.
The cold side (T, of the bar was put on the heat sink for controfling to room temperature
at 300 K- The temperatures of the hot end and the cold end of the bar were measured by
using the thermocouple. The output voltage of the sample bar was measured by using the
Keihlev instrument multi-meter with applving the temperature with varying from 301 10
310 K for the hot side €73 and fixing 300 K (7)) for the cold side.

2.2 Governing and Finite Element Equations

The thermoelectric generation model is studied in the steady-state case on a p-type single
feg as shown in Fig 1. Thermoelectric material s in single leg with cross-section (A and
fength (/). The surface of the top and bottom of the leg are contacted by the thin copper
plate in thickness of 0.1 mm. The top and bottom of the leg are but on the hot (7}) and cold
(T, ) temperature. respectively. The temperature gradient (VT) is produced between the hot
and cold side of the leg. From applying temperature difference. the heat flux (¢) and The
current density (J), J = I/A where [ is electric current. are flown from the hot side (T}) to
the cold side (7,). The electric voltage (V) is referenced fo zero on top of the hot side bar.
The electric fiekd (£) is produced across the hot and cold end of the bar with direction from
the 7,. side to the Ty, side [ 191

2.2.] Governing Equations. In thermoelectric materials, the phenomena are couple be-
tween heat and electric effect {20-231. First effect. the heat flux (g} flowing in materials is
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i “Th V=0
Copper Contact
Joq
CuAl Fe O, -
E
Material Properies
I A
Copper Contact ’
B Ti:

Figure 1. The model of thermoelectric CuAhnkei20; single bar,

generated from the reversible Peltiel and the frreversible Fourier effect. The ¢ relation is
combination between the Peliiel and the Fourier equation as expressed: ¢ = [ [/ — « VT,
where TT is the Peltict coefficient. J is the current density, x is the thermal conductivity
and VT is the temperature gradient. Another. the cwirent density (/) flowing in materials
is produced from the reversible Seebeck and the frreversible joule effect. The J equation is
summation of the Seebeck and the joule relation us following: J = o £ — o SVT where o
is the electrical conductivity. E is the electric ficld, S is the Seebeck coelticient. In addition,
the £ isexpressed by £ = -V . where ¢ is electric potential. The T1 is related by [T = ST,
where S'is the Seebeek coeflicient and T s the temperature.

The system equation for the thermoelectric effectis deseribed in two couple equations
of heat ransfer and continuity of electric current density, Firsty the heat transter equation is
soverned by the Fourier equation as following [20-23] ;n;—{ + V=g = . where g is the
heat flux. O is the internal heat generator, 7 is the time. p is the simple bulk density, ¢ the
heat capacity and T is the temperature. Second equation. the continuity of electric current
density is described from the Maxwell’s equation: 'V xig + V. J = 0. where E is the
clectric field. J 15 the electrical current density. & 3s the clectric permittivity and 1 15 the
time.

For the system equation. therelation of heat flux (¢) and current density (J) are inserted
into the 2 couple of the system equation for the thermoelectric:

The Fourier’s heat transfer equation:

pes +V - (STloVy —0SYT]) = V- (kIVT) = Q. ()
The electric current density continuity equation:
dep o , )
V. e‘{/’;—? +V - ([SelVT+ V- ([6]Ve) =0 (2)
q «

In present work, the criteria are studied in the steady-state case. Therefore, the system
equations are neglected the term of time dependence.
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For the finite element computing. the domain of the single bar is divided in Finite
Element mesh. The node of element is used for solution of the unknown temperature and
clectric voltage on the bar. Consequently. the system equations (1) and{2) are transformed
into finite element equations by approximating the unknown of temperature (7 and clec-
trical potential (@) into interpolation functions and nodal known value on a element (¢}
of T = [NH{T} for the temperature and ¢ = [N} {¢} for the electrical potential, respec-
tively: where 79 iy the nodal of temperature of a element {¢). ¢ is the nodal of electric
potential of a element (¢ and N is the interpolation function. Finally. the finite element
equations with the Galerkin weighting scheme is become the matrix equation as bellowing:

{‘“.“\73\’][& + o S*T]|VN]dv f{\‘f’;\f}105’7}[%\1"}(,&] { 7 } B { Q}

JIVN][o 5]}V N]dv JIVN o J[VN]dv ¢l 10

where O = [ [VNTIST {4} dv+ [[NI[E]{J}) dv.

For the boundary conditions, a surface side of the bottom bar 18 specified by setting
temperature 300 K for the cold side temperature (7). The top surface of the bar is param-
eterized by vary its value from 300 to 340 K by step of 5 K for the hot side temperature
{7}, The voltage on top bar is set to zero. The exterior surfaces of the bar are specified
bvii - £ = 0. and /i - ¢ =0 for selling the zero of electric flux and heat flux in normal
direction of surface. In solving Finite element equation. the commercial software Finite
clement solver of the Comsol-Multiphysics is used to compute the temperature and voltage
distribution on the modet of the thermoelectric CuAl»Fe»0s sample bar. The implemen-
tation scheme uses the Application Mode of common arbitrary partial differential equations
{PDEs) which is implemented by Jacgle [20-211].

For the element mesh of the modef of module. the mesh was used in etrahedral shape
which consists of 4 nodal notes. Each node is used for unknown of temperature and voltage,
The values of thermoelectric properties are contained in element. The size and number of
clement are venerated in small shape with dens number on volume covering of the interface
of material between copper plate and bulk or between alumina plate and copper’plate of
model. The large size and small number of element are applied on volume of bulk. The smali
size and large number of element are used due 1o difference of thenmoelectric properties
and gradient of temperature. voltage. thermal and electric values on the inferface laver. The
targe size and small number of element are performed on bulk of thermoelectric material
resulting from the homogenous of thermoelectric properties and unknowns of the bulk.

3. Results and Discussion

3.1 Samples Characterization

The XRD pattern of the CuAlypFeypOs sample is exhibited in Fig. 2. The ICSD:61-075-
2146 for CuFeO; and the JCPDS:35-140 for CuAlO; structure are added to compare with
the crystal phase of the CuAlpFe 20, sample. The results show that the CuAljpFeyp 0
sample displays the phase of a hexagonal delafossite structure (space group: R3m) with
relating to the standard of the ICSD#01{-075-2146 and JCPDS#35-140. This is clearly
confirmed that the CuAlpFe 2O sample forms phase of the delafossite structure.

The lattice parameters of the CuAljpFe 0, sample as display in Fig. 2 are 3.000 A
for the g-axis and 17.166 A for the c-axis. The result shows that the g-axis and c-axis of the
CuAlpFen0; contain middle value between that the CuFeQ, and CuAlO; sample [5-6].
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CuFe, Al,,O, | a=23.006 c=17.166

Intensity (AU}

2Theta
Figure 2. The XRD pattemns of the CudlnFep0) sample.
The energy dispersive  X-ray spectroscopy for element  compositions in the
CudlypFe» O, sample 18 observed by SEM as shown in Fig. 3. The morphology for

microstructure of the sample is inserted in Fig. 3. The morphology shows that the grain
size of the CuFeysAly 5O, sample 1s 1 the range of 1 yem.
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Figure 3. The energy dispersive X-ray spectroscopy and microstructure of the CuFegsAlys(O;

sample.
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Fipure 4. The temperature dependent of Secheck coeflicient and electrical conductivity of the
Cudly, Fey 20, sumple.

3.2 The Thermoelectric Properties

Figure 4 displays the Seebeck coetficient of the CuAl Fe»0s sample as a function
of temperature in the range of 300 10 960 K. The result shows that the Seebeck co-
efficients are pesitive sign over the temperature range indicating p-type thermoelec-
tric. materials. The value of Secbeck is slightly increasing with increasing temperature.
The results exhibits ranging from 260 to 310 pV/K with temperature range of 300 1o
560 K.

Figure 4 presents the electrical conductivity of the CuAl pFe»Os sample as a function
of temperature inthe range of 300 to 960 K. The result is also shown the electrical
conductivity exhibiting the value ranging from 7 to 10 Sfem with the same lemperature
range. Besides. the value rapidly increasesin the temperature range 300 to 700 K, and
reaches a plateau in the temperature range 700 10 960 K.

The thermal conductivity of the sample was measured by using a laser flash method
with relation & = dCpa {3—4]. where d. €, and « are the bulk density of sample, specific
heat capacity and thermal diffusivity, respectively. The experimental bulk density of the
CuAljpFenOs sample obtains 4.5 g/c;z;3 as refation to the percentage ratio of bulk density
to theoretically density in 75.85%. This result confirms that the density of sintered samplesis
reasonable for using to calculate the thermal conductivity. The results of thermal diffusivity
(a) and heat capacity {C,) of the sample are simultancously measured from laser flash as
shown in Fig. 3(a) . The results of heat capacity and thermal diffusivily are in the range
from 0.6 }g-K 10 0.9 J/g-K and 0.0073 cm¥sec to 0.0095 cm?/sec, respectively, in a region
of temperature of 300 K to 960 K. The results of thermal conductivity (x ) of the sample
as a function of the temperature ranging of 300 to 960 K are shown in Fig. 5(b). The
results are approximately 2.5 W/m-K to 3 W/m-K on the whole range of measurement
lemperature.
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Figure 5. The temperature dependent of thermal propertiesof the CuAl»Feyn O sample (a0 Speaihic
heat and thermal diffusivity (b the thermul conductivity.

3.3 The Thermoelectrie Yoltuge

The output of electrical voltage on the thermoelectric generator of the CuAlipFenOs
single bar with applied the different temperature from 2 to 1 K increasing in step ot 0.5 K
is shown in Fig. 6. The single bar sample was measured by applving the temperature with
varying from 301 10 310 K for the hot side (751 and fixing 300 K (73 for the cold side of the
bar. The output voltages are in the range of 0.6 1o 3 mV in the temperature ditference from
210 10 K. The slope of curve is .34 mV/K. which is average value of the thermoelectric
clectro-motive Jorce fem) for the CullypFe 20 sample at room temperature.

Voltage (mV)

5.5 55
5.0 5.0
45+ 4.5
a0l Single bar 40
3:5 I~ ’ ‘, 3;5
"
30+ . 3.0
25} K S 2.5
20} * 2.0
15} '”~ - 1.5
1.0 o ¥ 1.0
- f.'
0.5} - 0.5
Q’ﬁ 3 " % i % ] {}‘0
0 2 4 & 8 10

Temperature Difference (K)

Figure 6. The output thermoelectric voltage of the CoAlipFe»0; single bar for temperature

difference.
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Voltage

Temperature

(K

(@) (b) ()

Figure 7. The Finite element and computing results of the CuAlaFenO: single bur (a) The Finste
element mesh (1 Temperature distribution () Voltage distribution.

3.4 The Finite Element Results

The Finite Element mode! for the thermoelectric generator of the single CuAlypFe 0, bar
is shown in Fig. 7¢ay. The outpul volage is computed on applying difference temperature
(AT =Ty - Ty ranging of 1 10 10 K with setting the temperature difference from 300 K on
bottom surface and 310 K on top surface of the bar. The computing uses the properties of
Seebeck coeflicient, electrical and thermal conductivity from measurement results in Fig, 5
and 6. respectively. The thermoelectric properties of thin copper plate are set to 6.5 (V/K
for Seebeck coefficient. 59 x 10 Séem for electrical conductivity. and 3530 W/m-K for
thermal conductivity as shown in Table 1. The Finite Element results of the temperature
and voltage distribution en applving temperature ditference i 10 K are shown in Fig. 7(b)
and (). The results show the output voltage in 25:mV for temperature difference 10 K on
the bar.

The finite element results of output veltage as afunction of AT between | tol0 K are
displayed in Fig. 8. The results show output voltages of the CuAlynFeynO: bar are in the
range of 0.3 to 2.5 mV in the temperature difference from 2 to 10 K. The results show that
the Finite Efement resultis in close agreement with the experimental resulis. This implies

Table 1
Material properties
Materials S (uVIK) o (Sfem) K(Wm-K)
Copper plate 6.5 5.9 x 10° 350

Aluming substrate 1.0 x 10710 40
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Figure 8. The thermoelectnic generator results of output voltage for experiment and Fmute Element

computing.

that the Finite Element analysis can predict the output clectnic voltage on thermoelecuric
generator bar.

According to Finite Element computing result closely to experimental measurement,
The Finite Element analysis s used to predict the output voltage of thermoelectric generator
in high temperature of the single CuAly o Fey 05 bar. The computing applies the temperature
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Figure 10. The model. finite clement and computing results of the p-n CuAlipFe»0: module (0)
component model of the module. (b) The Finite element mesh, (¢) the temperature distribution and
{d) the voltage distribution.

difference (AT = T,+T,) ranging of 1 10650 K. The surface of bottom har is specified to
300 K for cold side tempepature ¢7,) and the top surface of the bar is paramelerized by
vary its value from 300 10950 K by step of 50K for the hotside temperature (7). The
thermoelectric properties are applied from the data from results in Figs. 5 and 0. The
computing resufls of output voltage and output power as a function of A7 as between 1
to 650 K are displaved in Fig. 9. The output voltages of the CuAlpFey» 0o bar are in the
range of 0.003 10 0.2 V in the temperature difference from 1 0 650 K. In additon. the
outpul ¢lectrie current exhibits 1.7 A in temperature difference 650 K. In obviously. both
output-voltage and electric current of the CuAl »FepOs single bar are obtained the large
temperature difference value.
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figure 11. The curve of open circuit voltage for temperature difference.
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To predictof a thermoelectric module for CuFey s Al sOr materials. the Finite Element
mode] of the thermoelectric module is presented in Fig. 10(a) and (b). The model of
thermoelectric module consists of an n-type bar and a p-type bar shape connected with
copper contuct and two aluming substrates covering like a sandwich asshown in Fig. 10(a).
The output voltage is calculated by applying AT (75,-7.) ranging from 1 to 650 K. The
simulation uses the measured thermocelectric data of the p-type sample for the p-lype bar
in the module. For the n-type bar, its Secheck voltage was assumed 1o be the negative
values of the Seebeck emf of the p-type specimen. The Seebeck coefficient. electrical and
thermal conductivity for the copper contact and the alumina are shown in Table 1. The
boundary conditions on the module are specified by setting cold temperature for (7,) 300 K
on botten of module. The hot temperature (75 on the top side of the module is applied by
varving temperature from 301 10 950 K by setting 300 K on bottom surface and 400K on
top surface of module. The voltage on bottom surface of n-type leg of the module is fixed
to a zero reference fevel. The Finte Element results of the output voltage and temperature
distribution on appiving A7 of 100 K on the thermoelectric module is shown in Fig. 10{c)
and (d). respectively. The results of the module show the output voltage in .05 V for
temperature difference 100 K on the bar,

The computing results of output voltage for thermocelectric modales as a function of AT
as between 1o 650 K are displayed in Fig. 11, The output voltages are in the range of 0.006
to 0.4 Voin the temperature difference from | to 630 K. The results show that the voilage
of the module is raised with the temperature increased. Furthermore. the Finite element
results remarkably show that the output electric voltage of the thermoelectric module is
higher than that of the single thermoelectric bar.

4. Conclusions

The detafossite CuAlnFeyn On thermoelectric material has heen prepared by a solid state
reaction method. Our study shows that the Seebeck coefiicient exhibits positive values
(p-lype semiconducton) from 26010 310 1 V/K. The electrical and the thermal conductivity
display value between from 7 to 16 S/em and from 2.5 10 3.3 W/em-K. The output voltage
for thermociectric generator of the bar is given ranging 0.5 to 3 mV on applving difference
temperature from | to 10 Ko The Finite Element computing of the single bar shows output
voltage good agreement with the experimental results. The computing results ol the output
electric voltage for the single thermoelectric bar and the thermoelectric module are raised
with the temperature increased. In addition. it18 found {rom the finite element simulation
that the thermoelectric module gives the output voltage is higher than the output voltage of
the single bar. The further study is going to use multi-junction for forming an applicable
thermoelectric device.
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Apstrgct—CuBO; 38 prepared by 2 solid-siate reaction
method  to  investigste thermoelecivic preperties in  high
remperature. The XRD resull confirms the CuBO; compound
existing in this method, The Seebeck reveals the compound
displays p-type thevmoelectric material. The experimental resulty
of dlectrical resistivity exhibited results of 6.004 S'om te 0.638
Sqom with the temperature range of 650 to 830 K. The Secbeck
value is in the range of 450 V'K Yo 956 uVK, and the thermal
conductivity Is in the range of 1.4 % 10710 5.3 2107 Wom- K with
the same temperature. The maximum PF and Z7 is 53 < 10

WK and  0.8016, respectively., af 960 K. This work
demonstrates  that  the CuBO, delalossite-exide compound

displavs the p-tvpe thermoelecivic materials.

Kyvwords—Ca B0y Solid stwre, Delifossite: Thermaelectric

L INTRODUCTION

Thermoelectric  material  contains  a phenomenon of

converting of temperamre sradient 1o elecirical energy and
vice versa {11 The thermoeleciic device can be applied for

electric generator and cooling stems. Performance of the
thermoslectie device 15 depended on parameter of materials
as called Dime Figwre of Merit (Z0y. The ZT
parameter is related by 27 =71 “/53, where T is the absolute
temperature. 5 1s the Seebeck coefficient. ¢ is the electrical
and x 15 the thenual conducuvityiil

Cwrrently, Delafossite oxide compound [2-3] 3¢ interesting
for thennoeleciric  materials, Its  chemical formula is
A’IB"mOQ. The Cu-based delafossite compound mn group 13
metal elements is composed of CuB0: CuGaG, CuAlDd,,
CulnGs,. and  CuTi0,  Thers are many repofls  on
thermoelectric  properties of CuGa0,[4]. CualOyf5]. and
Culn(L{5] To the best of owr knowledge however. there hias
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been mo reports concarping for symthesizing of CuBO,
delafozsite compound and 115 thermoglectric properties.
Therefore. this work auns to prepare CuBO: by solid state
reaction  for  inyestuesting thermoelectic  properties.
Furtherinore, the paper discuss to fullill resuls of x-ray
diffraction (NRD). scamming electron microscope (SEM).
FTIR specma. Scebeck coetficient. elecwical conductiaty.
thermal conductiveiy. power factor and Z7 value of CuBOy.

I MATERIALS AND METHODS

ey

Spectmen of CuB{h was svnthesizad v a2 copventional
dizect solid-state reaction. Stoichiometric powders CuC. and
B.O; were hall nulled svith poly vingl alcohol solution for 24
b The ball nulled powder was caleined in air atmosphere at
temperature 10035 °C for § h. The caleined sample was cool
hvdraulic pressed into pellets of 12 nun diameter with 2-3 mim
thickness. The resulting pellet was sintersd by performing on
alumina crucible in furnace at 1005 °C vnder awr atmosphere
for 24 hours.

The phase of the CuBO, was characterized by the powder
x-ray diffraction (XRD) of PHILIPS model: X Pert MPD
nsing Cu K radiation with 26 = 20° to 80 with (.02 steps.
Micrpstructures of the samiples were observed by scanning
electron microscope (SEM) using the JEOL model: JSM-
5410 The FTIR spectra were investigated using a Fourter
wansform  infrared spectrophotometer  {Perkin-Ehmer
Spectrum GX FT-IR/FT-Raman spectrometer) af room

temperatiwe,  The Secbeck coefficient and  electrical
resistivity were simulanecusly measured on the sample bar

nsing #zn ULVAC-RIKO ZEM-3 thermoelectric property
measurement system under a low-pressure heliom atmosphers.



The themmal conductivity was detenmined from  thermal
diffusiviry and specific heat on pellers sample using the
PLVAC SINKU RIKO Inc. mwodel TC-7000 Jaser-flash
method.

I RESULTS aND DISCUSSION

4. Characierizarion

XRD patierns of CuBO, are shown m Fig 1. The patterns
exhibit peaks of the pure phase of hexagonal delafossite-type

structure for space zroup: R 3m {166) corresponding to the
standard JUDS file no. 28-1256 The CuBO- latuce parameters
are 2.872 A and 16380 A of a-wis and c-axis length.
respectively with corresponding to the reporfed of Hierature
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Fig. 1. XRD petierms of CuBO; saxaple.

The SEM mnage of the siniere
Fig. 2. The nuorosinichre sl
the range of approximare 2 tin.

Fiz 2. SEM mnage of CuBO: sampls powder.

The FTIR spectrum of CuBO; is shown in § . The
spectrum is in the enerzy range of SO0 to 4000 cm™ The peak
at around 600 an’ is presented to the Cu-O stretching
vibration and the peak arounsd 750 em’is presented 1o the B-O
stretching vibrations in BOj distorted octahedral[2]

50

£uBO
}
o
&
€
g
=
£
£
& N
= O
| i s 0
v 1 T 1 t 1

0L 0 FAR NG B0 CED e w0

Wavenuiber {org )

Fig 3. FTIR patterns of CuBO; samyde.

B, Thermoelefewric propextics

The temperature dependence of ¢ 1s shown m Fig 3. The &
value was measured in temperature range of 630 1o 830 K.
The resulf shows that the « value 1 mereased from 0.004 to
0038 Slom with increasing  temperatue. At the high
temperature $60K. the o value contams £.038 S/am,

8030
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B.025

8020

o818

8018 -

8.008

Electrical conductivity {8

000 L 4 L
850 706 750 308 850

Temperature (K1
Fig 4. Elevtnical conducivty of CuBG; sample

The temperature dependence of § 15 shown n I
was measured in texuperature range of 630 to
sesull extubites that the $ wvalue is positive sign i all
temperatine range as showing p-type conductor contributing
majority carrier of hole. The § value 1s shightly decreased with
increasing ferprature. The value of § exhibites in range from
950 10 430 pVEK.

The temperature dependence of the Power Factor (PF) for
CuBO, sample are shown in Fig. 6 The PF is caleulated from
the measured S and & with relation of PF=0S[91. The results
display that the PF are increased with increasing lemperatine.
The PF value displays i the ranze of 1.4 = 107 t0 5.3 x 107
WK
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The temperamre dependence of wis shown inTig. 7. The &
was measured i temperature range of 300 4o 980 K. The
value is decreased with increasing temperature. The 1 value
shows in range from 3 to 9 WK, The nunimum value of &
18 3 W/m-K af temperature 980 K. This result exhubit that lugh
value of the Z7 for CuBO. samples is dominant at lugh
temperatre.

The ZT of CuBO; sample are shown n Fag. 8 The Z7
value is computed from the PF value and measured thermal
conductivity with temperature as following (ZT:‘E’ZGT';»:};V«;,
The ZT valve is displayed in the ranging o1 430 10 960 K. The
Fig. § show the ZT value is increased with increast
temperature. The Z7 results displays in range of 0.001 to
0.0016, The maximum value of this work s 0.0016 at 960 K.
In conclusion, the CuB(, oxide compound grves a ugh value
of thermoelectric properties at high temperature.

g

60

ki

@
¥
LB
N
L

Tharma! consfuctivty {WimH}
o«

300 400 BOG B00 700 800 800  iDOO

Tempsratire

Fig 7 Themmal conductivay of CuBO: sample

6.818 T T 1 T T

2.0185

2.013

499012

e ™ A

8012

§ 8.808

BL9E -

8604

g g |

8002

2,609 : . L
200 500 500 700 806 999 1508

Tomparaters (8}

Fig. §. 2T value of CoBO; sample.

V. UOaLUSIONS

The CuB®D: compound was prepared by a sold state

reaction  method,  The thermwoclectiic  properties  were
mvestizated. - The tesults reveal that CuBO. delafossie
exhibits  p-type thermoelecuic  materials, The Seebeck

coefficient and electrical conductivity display from 450 VK
to 950 uV/K and 0.004 Sfem to 0038 Siom in temperature
ranze of 650 to 830 K. The thepmal conductivity is decreased
with increasing temperature. The maxinmm values of the PF
and the 27T exist 5.3 x 107 Wim-K° and 0.0016. respectively,
at 960 K.
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