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Abstract— For renewable energy solution, in
recent time, the thermoelectric technology has
attracted much attention. In this research, the
thermoelectric properties of Zn doped a-Fe,O3
(Zn:a-Fe,03) was investigated. Fe,Ozis naturally n-
type material. For making p-type Fe,O3, Zn doped
Fe,O; was developed. Zn doped Fe,O; was
successfully prepared via chemical synthesis.
Due to the unique material properties and
remarkable performance in electronic, photonics
and optics, Zn was used. The band gap of a-Fe,O;
is quite low of for an oxide semiconductor (2.2
eV). The dimensionless figure of merit, ZT, of the 2
wt.% Zn doped a-Fe,O; shows the higher value at
1150K. The conduction type was confirmed by
Hall Effect measurement. In the temperature range
of 300K to 1150K, the electrical conductivity and
the Seebeck coefficient were measured by four-
probe method. Under vacuum, in the same
temperature range, the thermal conductivity was
measured. The crystal structure was also studied
by X-Ray Diffraction (XRD, Cu-Ka radiation) and
Scanning Electron Microscopy (SEM). In this
work, the produced p-type hematite exhibited
excellent thermoelectric performance.
Furthermore, the results figured that the
thermoelectric properties of hematite had a
remarkable effect on the thermoelectric
technology as arenewable energy solution.
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I. INTRODUCTION

In recent time, thermoelectric technology has made
significant scientific progress and its potential to
reduce the environmental impact of electrical power
generation. Thermoelectric technology has attracted
much attention as a renewable energy solution. In this
technology heat is directly converted into electricity
owing to temperature differences, and can act as
power generators [1, 2]. The main focus of this
research will be investigated thermoelectric properties
by using Fe,O; material. This material is used
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because of its low cost, abundance and do not require
preparation to extremes of purity. Bi,Te;, PbTe and
SiGe are currently popular as thermoelectric
materials, however, these materials suffer drawbacks
in that they are manufactured from expensive and
toxic raw materials [3]. It is therefore important to
develop alternative thermoelectric materials that are
inexpensive and environmentally friendly. Iron oxides
are such type of material which are earth abundant
and environmentally friendly.

The performance of thermoelectric materials is
evaluated by using the expression [4, 5],

Where, ZT is the figure of merit, S is the Seebeck
coefficient, o is the electrical conductivity, k is the
thermal conductivity and T is the absolute
temperature.

Improving thermoelectric materials, significant
progress has been made in recent years [6-18],
however, in large-scale renewable energy conversion,
the application of thermoelectrics has not been
demonstrated [19]. The conventional sagacity is that
thermoelectrics are most suitable for waste heat
recovery and for large-scale applications that
materials with significantly higher ZT are needed [1, 5,
20]. For converting heat energy into electricity, it will
show that thermoelectrics are an attractive alternative.

The intention of this paper is to give a detailed
studies of the electrical conductivity, thermal
conductivity and the Seebeck coefficient. X-Ray
Diffraction and Scanning Electron Microscopy (SEM)
are also studied.

Il. EXPERIMENTAL DETAILS

Chemical synthesis process was used for
preparation of Zn doped a-Fe,O;. For making p-type
a-Fe,0g3, zn?* dopant from Zinc acetate salt
[Zn(O,CCHj3),] was used.
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The preparation of required samples is shown in
Table 1, where the values of x are 0, 0.1, 0.5, 0.8, 1,
1.5 and 2. Then the solution was mixed and stirred at
35 minutes.

Table 1: Sample preparation

(100-x) wt.%  x wt.% Zn
FeCl, Ethanol Fe,0, (here x=2)
1.242 gm 10 mi 0.72 gm 0.048 gm

After that the resulting Zn doped Fe,Os solution
was prepared. For making Zn doped a-Fe,O3, the
resulting solution was then sintered at 1073K for 4
hours. Then the powder form was produced. This
powder was then pressed at 235 MPa, sintered at
1213 K, and finally annealed at 1043 K to give doped
samples of a-Fe,O0;. The conduction type was
confirmed by Hall Effect measurement. From the
result of Hall Effect measurement, Zn doped a-Fe,03
was found to be p-type.

The electrical conductivity and the Seebeck
coefficient were measured by four-probe method.
Under vacuum, the thermal conductivity was
measured. Microstructure analysis was performed by
X-Ray Diffraction (XRD) with Cu-Ka (A = 1.7902 A)
radiation in the 26 range of 10-80° and Scanning
Electron Microscopy (SEM).

111. EXPERIMENTAL RESULT AND DISCUSSION

A. X-Ray Diffraction (XRD) and Scanning
Electron Microscopy (SEM)

The XRD patterns of Zn doped a-Fe,O; with
different doping concentrations are shown in Fig. 1.

(104) s 0% Zn doped a-Fe:03
(110) we 1% Zn doped a-Fe;O;
v 2% Zn doped a-Fe; 03

(116)
(300)

024
i my B0 @9

(208) , (220)

" A AL‘L

20 30 40 50 60 70 80

Fig. 1: XRD patterns of Zn doped a-Fe,Oz; with
different doping concentrations.

It is observed that all sharp peaks present with
different crystal orientations are the planes of a-Fe,O;
[21, 22] which clearly show the polycrystalline nature.
The regarded peaks can be indexed in agreement
with the expected rhombohedral structure of a-Fe,O3
(space group: R-3c, ICDD card no. 33-0664) [23].

The SEM images of the sample are shown in Fig. 2
and used to study the morphology of the particles.
The surface morphology of 2 wt.% Zn doped a-Fe,0;
indicate that it has slightly higher particle size than the
others Zn doped a-Fe,O; samples. From figure, it is
seen that the presence of particles is more compact
and has dense structure and the crystal quality is
improved by increasing the Zn concentrations.
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Fig. 2: SEM image of (a) 1 wt.% Zn doped a-Fe,O;
and (b) 2 wt.% Zn doped a-Fe,0s.
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The presence of more Zn and interstitials/vacancies
made the particle size of 2 wt.% Zn doped a-Fe,O;
sample higher than the samples 0%, 0.1%, 0.5%,
0.8%, 1% and 1.5% wt.% Zn doped a-Fe,Os. It is
observed that, the samples have tightly packed grains
with increased the Zn concentrations. This result
indicates that Zn-doping has an influence on the
surface morphology of the samples.

B. Seebeck coefficient and electrical conductivity

Fig. 3 shows the temperature dependences of the
Seebeck coefficient for the samples of Zn doped a-
Fe,O3 containing x wt.% of Zn. It is observed from the
figure that, the Seebeck coefficient increased with
increasing the values of x=1, 1.5 and 2 wt.% of Zn
doped a-Fe,Oz. On the other hand, the Seebeck
coefficient, of the other values of x, exhibit intricate
behaviors. From the figure it is seen that absolute
values of the Seebeck coefficient increased with
increasing the temperature.
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Fig. 3: The temperature dependences of the Seebeck
coefficient for samples of Zn doped a-Fe,O3 contain-
ing X wt.% of Zn.

The temperature-dependent electrical conductivity
of Zn doped a-Fe,O; with different doping
concentrations samples is shown in Fig. 4. From the
figure, it is observed that, the addition of the Zn helped
to increase the electrical conductivity. The cause of
this increase in electrical conductivity i.e. the reduction
in resistivity is believed to be the local deformation of
the crystal caused by polarization of lattice, as a result
of this lattice-induced polarization, electrons mobility is
increased in the defects in the Zn doped-material.

Another effect of adding Zn is a slight tendency for
the electrical conductivity to increase with increasing
temperature. From the above discussion, we conclude
that an increase in the absolute Seebeck coefficient
and an increase in electrical conductivity i.e. a

decrease in electrical resistivity with increasing
temperature are auspicious for thermoelectric
materials.
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Fig. 4: The temperature dependences of the electrical
conductivity for samples of Zn doped a-Fe,O3
containing x wt.% of Zn.

C. Thermal Conductivity

The temperature-dependent changes in thermal
conductivity of Zn doped a-Fe,0O3 with different doping
concentrations samples is shown in Fig. 5. Thermal
conductivity is also an important property of a
thermoelectric material. The value of the thermal
conductivity, Kk, can be calculated from the following
equation, which is based on the Wiedemann—Franz
law [3, 24]:

_ Ke _ m?

oT 3

2
(%) =244 x 108 WQK~2 (1)

where, L is the Lorentz number, o is the electrical
conductivity, k, is the thermal conductivity due to
electrons, Kg is the Boltzmann constant, and e is the
charge on the electron.

The eq. (1) describes the thermal conductivity. The
measured thermal conductivity is the sum of two parts
k. and k,,, where k,, is the thermal conductivity due
to lattice vibrations (i.e., phonons).
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Due to the decrease in the phonon mean free path
length, the temperature-dependent decrease occurred
in the thermal conductivity. With increasing
temperature, the phonon mean free path length
linearly decreases.

Experimental results show that the contribution of
thermal conductivity in the sample of 2 wt.% Zn doped
a-Fe,0; is relating to the electrical conductivity and
Seebeck coefficient. So, the ratio of k), /x, for 2 wt.%
Zn doped a-Fe,0; is lower than is the case for other
samples leading to increases of the Seebeck
coefficient and the electrical conductivity. From the
above discussion, we concluded that the samples of
Zn doped a-Fe,O; containing different doping
concentrations show the lower thermal conductivity
which is better in thermoelectric performances of
hematite.
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Fig. 5: The temperature dependences of the thermal
conductivity for samples of Zn doped a-Fe,O;
containing x wt.% of Zn.

D. Figure of Merit

The thermoelectric performance is generally
evaluated by means of the following equation [4, 5,
25, 26]:

zT=221 (@

where, ZT is the dimensionless figure of merit, S is the
Seebeck coefficient, o is the electrical conductivity, K
is the thermal conductivity and T is the absolute
temperature.

To evaluate the dimensionless figure of merit by
the eq. (2), the value of ZT is can also be used as a
measure of the performance of a thermoelectric
material at the optimum temperature where the
material shows its best performance. The
thermoelectric properties of materials can be
controlled by altering three properties simultaneously
[27].

It is quite impossible to express the Seebeck
coefficient in terms of a simple factor because, in
addition to the energy gap, the interaction of electrons
with phonons (polarons) may also play a role in
thermoelectric power [3].

Due to temperature-dependent variations, the
dimensionless figure of merit, ZT, of the Zn doped o-
Fe,O3; is not very high as shown in Fig. 6. It is
observed that the measured ZT values for the 2 wt.%
Zn doped a-Fe,0; is relatively higher than the other
samples.
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Fig. 6: The dimensionless figure of merit for samples
of Zn doped a-Fe,03 containing x wt.% of Zn.

IV. CONCLUSION

In summary, the temperature-dependent changes
in the p-type iron oxide semiconductors, Zn doped a-
Fe,O3 containing different doping concentrations are
studied. The existence of planes of a-Fe,O; and
polycrystalline nature are confirmed by XRD study.
From SEM study, it is observed that, with increased of
the Zn concentrations, the samples have tightly
packed grains.

WWWw.jmest.org

JMESTN42354039

15355


http://www.jmest.org/

Journal of Multidisciplinary Engineering Science and Technology (JMEST)

ISSN: 2458-9403
Vol. 9 Issue 5, May - 2022

The result of SEM study indicates that the surface
morphology of the samples is influenced by Zn-
doping. The temperature dependences of the
Seebeck coefficient for the samples of Zn doped a-
Fe,O; containing 1, 1.5 and 2 wt.% of Zn exhibits
excellent output. The temperature dependences of the
electrical conductivity comprise the result which is
showed that with increasing temperature, the
electrical conductivity is increased.

At temperatures that are below 700K, The
temperature-dependent changes in thermal
conductivity of Zn doped a-Fe,O3 with different doping
concentrations showed a dramatic decrease in the
thermal conductivity.

The impurity scattering effect causes a significant
decrease in the thermal conductivity. The
dimensionless figure of merit, ZT, is relatively high for
the 2 wt.% Zn doped a-Fe,03. The addition of Zn in a-
Fe,O3resulted the best thermoelectric performance.
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