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material Zn,Sbs
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The thermoelectric materials gained a lot of attention in the last decades, due to their possible applications. The
thermoelectric materials can generate electricity from heat and these materials have an efficiency which depends on the
dimensionless figure of merit. ZnsSbs was reported as an excellent thermoelectric material in an intermediate temperature
range (473-673 K). In addition to a promising thermoelectric performance, ZnsShs has attracted attention for its other
features, such as being an environmentally friendly material and with low costs of production. The aims of this paper are to
present the results regarding the obtaining and the characterization of the thermoelectric ZnsSbs material synthesized by
melting a precursors mixture at 1173K for 24 hours, using precursors with a high purity. The obtained material was analyzed
and characterized through X-ray diffraction and by specific microscopic techniques as: energy-dispersive X-ray
spectroscopy, scanning electron microscopy and atomic force microscopy. The X-ray diffraction pattern show that 8 -
Zn4Sbhs was formed. The measured particles dimension on the scanned surfaces is between 2.1 and 3.2 ym. Also, the

average roughness - S and the root mean squared roughness - Sqwere determined.
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1. Introduction

In the last decades, a lot of attention was gained by
research studies with the main goal to find alternative
energy resources among the existing ones. One of these
directions is to obtain materials which can generate
electricity from heat, materials known as thermoelectric
materials (TE). The efficiency of the heat conversion of
the thermoelectric materials is ensured by a low thermal
and a high electrical conductivity of these.

Zn,Shs was reported as an excellent thermoelectric
material in an intermediate temperature range (450-670 K)
[1]. Beside the promising performance as a thermoelectric
material which could make it commercially viable, Zn,Sh;
also possess other attractive features as being
environmentally friendly and with low costs of production
comparative with other materials with the same properties.

According to the existing studies, Zn,Sh; exists in four
crystallographic phases: the a-phase which is stable below
263K, the B-phase from 263 K to 765 K, the y-phase from
765 K to 805 K [2-4] and the y from 805K to 839K [3]. It
was reported that only the single B-phase has high
thermoelectric properties with a value for the figure of
merit (ZT), the main measure of the energy conversion
performance of the thermoelectric materials, ZT=1.3 at
670K [1]).

The figure of merit, Z is defined as:

ZT=0’cT/L )

where o is the Seebeck coefficient, T the absolute
temperature, o the electrical conductivity and A the thermal
conductivity [1].

This high efficiency of Zn,Sh; is coming from the
remarkably glass-like thermal conductivity. The low
thermal conductivity of Zn,Sbs is coming from the high
levels of interstitials and from domains of interstitial
ordering, leading to disorder at multiple length scales [5].

A lot of researches regarding methods of obtaining
Zn,Shs with a larger figure of merit were tried. In time,
were reported different methods in obtaining Zn,Sh; as:
melt and quenching [1, 6-12], solid state reaction [13-14],
thin films prepared by co-sputtering [15], zone-melting
technique [2, 16], melt-spinning technique [17], melting
combined with high-energy ball milling [18-19], melting
combined with mechanical grinding [20-22], gradient
freeze method [23], low temperature solution route [24],
etc.

It was also studied the thermal stability of Zn,Sh; [2,
16, 25-27] because this can affect the practical
applications if pure samples cannot be obtained. The
thermal stability of Zn,Sb; is poor, ZnSb and Zn is formed
after the decomposition of the compound which often
appear below the expected range of temperature [2, 26-
27]. The thermoelectric Zn,Sh; fabricated by zone-melting
technique was appreciated by the researchers to be more
thermal stable than simple melting and quenching method
because it presents a limited degradation, which is
considered a huge improvement in the thermal stability
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Beside the thermal stability, mechanical stability
represents another important feature which can influence
the thermoelectric properties of the material. It was
observed that the bulk material of Zn,Sh; prepared by the
traditional melting and quenching in water method suffers
microcracks and has very poor mechanical strengths. The
mechanical instability occurs due to the volumetric change
at the temperature of the phase transition between y and f
phases (765K), the cause being the different thermal
expansion coefficients of the y and B phases [10-11]. Qi et
al. [17] succeeded in improving the material strength by
reducing the average grain size of the material.

Thus, the challenge of improving the thermal stability
by choosing an appropriate method to synthesize Zn,Shs
and to increase the mechanical stability of this, remain.

The aims of this paper are to present the results
regarding the successfully obtaining of the thermoelectric
B - Zn,Sb; material synthesized by melting at 1173K for
24 h to achieve the best thermoelectric performance. The
obtained material was analyzed and characterized through
X-ray diffraction to establish the structure of this and the
morphology and the topography were determined by
specific microscopic techniques as scanning electron
microscopy / energy-dispersive X-ray spectroscopy and by
atomic force microscopy.

2. Experimental details
2.1. Sample preparation

High purity metallic Zn (99.999%, Carlo Erba) and Sb
(99%, Carlo Erba) powders were weighed in a
stoichiometric ratio of 4:3 with an excess of zinc of 2%.
The weighed elements were loaded into a quartz ampoule
from which was evacuated the air until a pressure of 107
bar was obtained. After that, the ampoule was sealed to
prevent oxidation during the high temperature in the
melting process. The sealed ampoule was placed
horizontally into a furnace and heated slowly with a
heating rate of the furnace of 323K/h and kept
isothermally at 1173 K for 24 hours. The melted alloy was
gradually cooled until 873K and then quenched in cold
water to form Zn,Shs; compound. To obtain a fine powder,
the formed ingots were grounded in an agate mortar.

2.2. Apparatus

To achieve the structural information for Zn,Sb; was
used the X-ray diffraction (XRD) (X pert Pro MPD X-ray
diffractometer) using monochromatic Cu Ka (A = 1.5406
A) incident radiation over 20 range of 10-65° in

combination with the database of the Joint Committee on
Powder Diffraction Standards (JCPDS).

To establish the morphology and the dimension of the
particles of the material were used the Scanning Electron
Microscopy / Energy-dispersive X-ray spectroscopy (SEM
/ EDX) (Quanta 250 FEG, mode SE at 30kV accelerating
voltage / SDD Apollo X detector) and the Atomic Force
Microscopy (AFM) (Model Nanosurf® EasyScan 2
Advanced Research).

3. Results and discussions

The achieved XRD pattern, for the powder obtained
from the melting and quenching of the Zn and Sb in
stoichiometric ratio, was indexed and compared with the
JCPDS database Nos. 00-034-1013. It can be seen that Zn
and Sb had been uniformly alloyed and the 3-Zn,Sh; phase
was obtained, which is in accordance with the previous
results [1].

The obtained structure belongs to the rhombohedral
space group R-3c, space group nb. 167, where the atomic
positions are: 36Zn, 18Sb (1) and 12Sb (2) [4, 28-29].

Fig. 1 presents the XRD pattern of the obtained
Zn,Shs. The very sharp peaks of the XRD pattern indicate
a high crystallinity of Zn,Shs,

A SEM analysis was made to investigate the form and
the geometry of the particles. As it can be seen from the
SEM images (Fig. 2(a) and Fig. 2 (b)), the particles are
agglomerated and asymmetric, oriented in different
directions.

In Fig. 2(c) and Fig. 2(d), it can also be observed that
the material presents beside dense areas of material, also a
certain grade of porosity, porosity reported also in [30]
and explained as a result of the explosion of the gases
during the synthesis.
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Fig. 1. XRD pattern of $-Zn,Sbhs
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Fig. 3. EDX image of Zn,Shs

This porosity may affect by presence, the mechanical
strength of the material. Pedersen [31] has showed that the
material density influences the thermoelectric properties
more than doping, the figure of merit increasing with
density.

(d)

Fig. 2(a-d) present the SEM images of 5-Zn,Sb; which revealse dense areas of the materials and also a certain grade of porosity.

From the EDX spectrum (Fig. 3) is noticed only the
presence of the zinc and antimony ions.

Also, the EDX spectrum shows the characteristic
lines [32] of the Zn and Sb as it follows: for Zn - K, at
8.63 KeV, Ky, at 9,6KeV, L, at 1,01KeV and for Sb - L,
at 3.60, Lg; at 3.84KeV and Ly, at 4.1KeV.

Using the atomic force microscopy, the surfaces

topography was analyzed, the measures being realized in
the contact mode on a scanned surface of 9um x 9um
processing the experimental data with the NanoSurf
EasyScan2 soft.

It was observed that the agglomerations produced on
the scanned surface are about 79 (Fig. 4.).

The measured particles dimension on the scanned
surfaces is between 2.1 and 3.2 um.

In Fig.5. is presented the AFM image of the analyzed
Zn,Sh; sample representing the surface topography and in
Fig. 6 is represented the color map of the sample. In Fig.7.
is presented the AFM image of the 3D topographical map
of the Zn,Sb; material.
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Fig. 5. The AFM image of Zn,Shs representing the
surface topography.

Also, the average surface roughness - S, and the root
mean squared surface roughness - S, were determined for
an area A=82.36pm?2.

The equations used for the average surface
roughness and the root mean squared surface roughness’s
calculations are [33]:

1
Sq = poo ?:1 Z?l1|2ij| 2

1
Sq = mn ﬁ12?=122 (x5, 1) 3)

where m and n represent the number of the particles on x
and y axis, with z-the medium high of the particles, x; and
y, represent the minimum and the maximum deviations of
the particles related to the medium value.

For Zn,Shs, were measured: S, =39nm andS§, =
55nm.

To form a better opinion about the topography of the
obtained material Zn,Shs, a 3D representation in 2D map
of Zn,Shs was built using the NanoSurf EasyScan2 soft, as
it can be seen in Fig.8.
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Fig. 6. The AFM image of Zn,Sh; representing thecolor
map of the scanned surface.
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Fig.7. The AFM image of Zn,Sh; representing the 3D
topographical map of the Zn,Sh; material.
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Fig.8. The AFM image of Zn,Sh; representing the 3D
representation in 2D map of the Zn,Sh; material.

4. Conclusions

In this paper were presented the successfully results
of the obtaining Zn,Sb; by melting Zn and Sb precursors
of high purity. The compound was obtained by mixing Zn
and Sb in a stoichiometric 4:3 ratio, followed by melting
the mixture at 1173 K for 24 hours in an sealed ampoule
with a vacuum environment.
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The X-Ray diffraction patterns shows that the (-
Zn,Sh; phase was formed.

A morphology study of the compound was made
using the Scanning Electron Microscopy and the Atomic
Force Microscopy techniques. The studies revealed that
the particles are agglomerated and assymetric forming
dense areas of the materials combined with a certain
degree of porosity. The energy-dispersive X-ray
spectroscopy analysis shows that the compound contain
only Zn and Sb atoms, the characteristic peaks of Zn and
Sb being identified.

Using the Atomic Force Microscopy, the particles
dimension on the scanned surfaces was determined to be
between 2.1 and 3.2 pm. The average surface roughness -
Sa and the root mean squared surface roughness - S, were
determined for an area A=82.36pm?. S, =39nm
and S, = 55nm.
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