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In this werk, the pohverystalline CuFe ,Sn,0; (x = 0.003, 0.01, 0.03) were synthesized
by a solid state reaction method with sintering temperature at 1323K for 40 hours. The
XRD pattern and TGA results showed the crvstal siructure of hexagonal delafossite-tvpe
stracture for space group R3m (166} Thermal conductivity was decreased because the
large atomic mass of the Sn substituted to the Fe sites of CuFeQ:. This caused phonon
seattering by the point defect of the mass difference between Sn atom and Fe atom. The
minimal value of the thermal conductivity was 2.1 W/mK ar 573K for Sn = 0.03.

Keywords CuFeOs: thermoelectric oxide: delafossite structure; lattice thermal con-
ductivity; mass fluctuation

1. Introduction

The performance of thermoelectrie malterial is related to the dimensionless figure of merit
(ZT = (5°0 T)/«) that depends on Seebeck coefficient. electrical conductivity and thermal
conductivity [1]. In order to. obtain a high ZT, it requires large Seebeck coefficient, high
electrical conductivity and low thermal conductivity. Seebeck coefficient and electrical
conductivity properties are refated 1o charge cargier. Thermal conductivity is associated

- with charge carrier and phonon because of thermal transport mechanism. In semiconductor.

thermal transport mechanism mainly causes more phonon than charge carrier [1]. Thus.
thermoelectric material bas low thermal conductivity when is composed it of heavy atomic
mass such as BizTes. SbyTes. PbTe and Mg-Sn [2, 3].

The CuFeO: compound is classified as a semiconductor [1, 4] It has a unit cell
structure of hexagonal and 2 primitive cell structure of rhombohedral called delafossite
structure (space group: R3m) This structure is formed as alternative stacking layers of
monovalent Cu'" linear and trivalent Fe’' octuahedral along with the c- axis [4-11]. The
CuFeOs; interesting studies on thermoelectric material {1, 4], catalytic hydrogen production
[5]. magnetic 6. 7). and optical materials [8]. Moreover the CuFeQO, compound is an
interesting thermoelectric material because it is inexpensive and non-toxic appropriated for
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industry. In this work. the CuFeO, compound was doped by SnO- in contents of 0.5%, 1%
and 3%. The effect was investigated on crystal structure and thermal conductivity.

2. Experimental Details

Polvcrystalline bulks of CuFe Sn, O; (x = 0,005, 0.01 and 0.03) compound were prepared
by solid state reaction method, according to the following equation (1). High purity power
of starting material, CuO (99%). Fe, 05 (99%) and SnO; (99%) was mixed and ground
in an agate mortar for an hour for being homogeneous. The mixed powder was pressed
into a pellet of the 12 mm in diameter and of 2 mm in thick and sintered at 1323K in air
atmosphere for 20 hours. Then, the sintered samples were rapidly quenched at the room
temperature. The samples were reproduced using the same procedures of grinding, pelleting
and sintering 2 times.

2Cu0 + (F=x)Fe; 03 + 2(x)8n0> — 2CuFe-,,Sn,, 0> + 1/20, (1

Crystal structure phases of the sample were characterized by the X-ray diffractrometer
(XRD) of the Bruker, D& Advance, with the diffraction intensities in the range of 26 = 10°
— 80" degree using stepping interval of 0.027. Lattice parameters were calculated from the
plan indexing of XRD peaks according to the equation (2).

1 4 (h=+hk+11)
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Morphology of the samples was observed using a scanning electron microscope (SEM)
of the Zeiss, EVO MA10. Thermo Gravimetric Analysis (TGA) technique was used for
thermal analysis in the temperature range of 325 Kto 1373K in air atmosphere using the
NETZSCH STA 449F3 Jupiter. The thermal conductivity was cvaluated-in the range of
298 K to 573 K based on the method of the laser flash analyzer of the NETZSCH LFA 447
Nano-Flash.

3. Results and Discussion

The XRD patterns of the CuFerSn, 0z (x = 0.005, 0.01 and 0.03) samples are shown
in Fig. 1. All major peaks were presented the characteristic to the delafossite structure
with space group R3m relating to the reference JCPDS 39-0246. This confirmed that the
CuFe,Sn, O, samples form phased of the delafossite structure. Impurity peak of FeiOy
was found in a small amount for all samples as corresponding to the reference JCPDS
19-0629.

According to the equation (2), the lattice parameters: @ and ¢ of the CuFe;.(Sn,0;
samples were calculated as show in the Table 1. The results demonstrate that the change
in a parameter for all samples when Sn content increasing is minute while the charge
in the ¢ parameler is large. This implies that the Sn substitution in CuFeOs distorts the
structure in the Z direct. From the XRD results, the broad peaks were raised from the
crystal imperfection and the distortion. This affects the lattice strain. The relation for the
lattice strain with the peak indexing of XRD results was given by the Williamson- Hall
equation expression as:

- K
Brxicosd =3+4esin6 (3



Downloaded by [Gazi University] at 23:18 26 October 2015

43

Thermal Conductiviry of Sn-doped CuFeO: 75
i * FeFe,0, PDF#19-0629
CuFe,  Sr, 0O,
Mi amn L “mﬂmf‘:‘:"m
— 1188} [ . P
3 . i Jmoem L fa diy Y
o
=
%‘ l Cufe,,5Sn, 0,
F= 3 B, i j = ‘ LA y L
2
E
. 'c;:?epmsmme‘,
li W 2, R
l CuFe0, PDF#39-0246
i WAMULIV AL L L L 1S
10 20 30 40 50 60 70 80
2theta

Figure 1. XRD patterns of the CuFe;.,Sn, 0 (x = 0.003, 0.01 and 0.03) samples.

where S, D. £, 4 0 and K are the full width at half maximum (FWHM) intensity of
the diffraction peak. the sample grain size. the micro lattice strain, the wavelength of
CuK,,. the angle and the Scherrer constant, respectively [12]. The results of ¢ i8 shown in
Table 1. The values of sample grain size were observed from the SEM image. Fig. 2 shows
the morphology from SEM of the CuFe,.,Sn, 05 samples and the approximated value of
grain boundaries were displaved in the Table 1. The results shown that the sizes of grain
boundaries of the sample were increased with x increase from x = 0 to 0.04, while x =
(.03, the sizes of grain boundaries were decreased with x increase. This implied that the
effect of latirce stain was impact in range of the Sn content from 0 1o 0.01.

Fig. 3 shows the TGA results of all samples. The results showed that the total% mass
of all samples increases from 700K to 1300K and then it drops sharply between 1300 K to
1330 K. This is unigue of CuFeO; because the melting point of CuFeOs is at 1363K. The
increase of% mass was caused by the O3 absorption from ambient environment. The results
implied that the sample at lower temperature, less than 700K. was not suifered from the O,
absorption. '

Fig. 4 shows the total thermal conductivity (&) of the CuFeSn, 0, (x = 0.005,
0.01 and 0.03) samples. The results of « decrease when Sn and temperature increase. In

Table 1
Crystal properties of the CuFey_,Sn,0; (x = 0.003, 0.01 and 0.03) samples
Lattice parameter (A) o
Volume cell Grain size

CuFe,. 80,0, a ¢ (A% (jum) Lattice strain
x = (LO00[1 | 3.0300 17.1400 136.28 5 0.00046

x = 0.005 3.0342 17.1876 137.03 10 0.0017

X = 0.010 3.0360 17.2603 137.78 14 0.0007

X = 0.030 3.0379 17.1936 137.41 6 0.0012
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Figure 2. Image SEM of the CuFe;,Sn,O; (a) x = 0.005 (b) 0.01 and (¢) 0.03 samples.
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Figure 4. Total thermal conductivity of the CuFe;,Sn,0; (x = 0.005. 0.010 and 0.030) samples.

lattice phonen causing by point effect was strongly controlied by the mass difference and
weakly depended on the bond fength difference. These results were corresponded with the
lattice thermal conductivity (x;) by Keyes’s relation [ 14] as written by equation (5)

T,: -PE,'J | R32
Sdt- o\ edteatis, W L TTTS (5)
! ( M7t T (3)’353‘,\,;!3,

where B is the proportionality constant. T, is the melting point of temperature, M is the
average alomic mass, p is the density of material, T is the temperature, y is the Griineisen
constant, E is the fractional amplitude of inter-atomic thermal vibration, R is the gas
constant, N, is Avogadro number. This relation described that the «; can be reduced by the
large M and high T. Thus, this experiment can be summarized that the large atomic mass
of Sn subsutution for Fe sites caused to reduce thermal conductivity for CuFe; Sn, O,
affecting from the major part of the mass fluctuation.

- 60
'R .
X
§, 0028 i e D
- 01
——— CuFe0
0.020 = ——_ e
Cufe, S, O, A8y m— L]
q .0 | 3 S
oo o § A e
A Cube, B D0, 8 E‘\
a8 3\-5‘ c"".l“"l—ol
0.0104 — \
4 -~ Cuf e, 3 Cure,  Bn O
- % - 50,0,
[T o _ ® 25 vﬁ—"'v“ﬁ“:?':_‘gj—"-‘“—‘—_a
— =" Culs, 5 O, 2 ——
- — g 204 ~v
= 0.000] Cufe, Sn O,
) e 50 50 350 C w
Temperature (K) Temperature (K}

Figure 5. Electronic and lattice thermal conductivity of the CuFe;,Sn, 0 (x = 0.005. 0.010 and
0.030) samples.
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Table 2

Cross-section of phonon scattering due to mass difference ([7,,) and lattice strain (I'y)

CuFeq (Sn O Fu i

x = 0.000 0 -
X = 0.005 0.0062 .0019
x = 0.010 0.0123 0.0039
x = 0.030 0.0345 0.0115

4. Conclusions

The polverystalline CuFe; Sn, 0> (x = 0.005, 0.01, 0.03) were synthesized by a solid state
reaction method. The XRD pattern confirmed the crystal structure of hexagonal delafossite-
type structure. And abrupt weight loss of TGA was observed at the temperature above [ 323K
indicating the forming phase of the CuFeO,. The SEM image displayed the grain size of
more than 3 pm. The thermal conductivity was reduced by the large atomic mass of Sn
doped into the CuFeOs. Thermal transport was a major ¢ffect from phonon scattering part
of the point.defect by the mass difference part. Totally, thermal conductivity was decreased
from 5.8 to 4.5 W/mK at the temperature from 298 to 573K, and the minimum thermal
conduetivity was 2.1 W/mK at 573K for Sn = 0.03.
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