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ABSTRACT

Zn,Sb,-ZnSh composites were synthesized by a combination of 900 W
microwave plasmain 4.3 kPa argon atmosphere and 550 °C hot pressing in
argon of Znand Sb powder mixture. Phases, internal textureand constituents
were detected using X-ray diffraction (XRD), scanning el ectron microscopy
(SEM) and energy dispersive X -ray spectroscopic mapping. Thermoelectric
properties of the composites were also studied and discussed in this

research. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Recently, thermoel ectric propertieshavereceived
much attention dueto the conversion of energy caused
by temperature difference of thermoel ectric coupl es.
Materials, suchasTAGS (Te-Ag-Ge-Sh), Zn,Sb, and
skutterudites, show highfigureof merit (ZT), whichhave
high patentia for anumber of gpplications. Among them,
Zn,Sh, hashigh ZT over thetemperaturerange of 450-
650 KU, Therearetwo solid-solid and one solid-lig-
uid phasetransitions: o — 3 over thetemperaturerange
of 253-263 K, B — v at the temperature of ~763 K,
andy — meltat 857 K2, They canbeusedinavariety
of applications, including waste heat recovery from
power plants and automobileindustries®. Zn,Sb, was
discovered to have high thermoe ectric figure of merit,
mostly influenced by itslow thermd conductivity!2. Dif-
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ferent processeswere used to synthesize Zn, Sh, semi-
conductors: solid state synthesisof e-Zn,Sb, bulk speci-
mengY, semiconducting Zn,Sb, samples processed by
hot pressing®, stoichiometric Zn,Sb, mixtureof Znand
Sb heated at 973 K in vacuum for 2 hi and B-Zn,Sb,
by hot pressing®. Inthisresearch, Zn,Sb,.-ZnSb com-
posites were synthesized by acombination of micro-
wave plasmaand hot pressing of Zn and Sb mixturein
argon atmosphere. Thefina product wasfurther char-
acterized by different techniques.

EXPERIMENT

Inthisresearch, Zn and Sb powders (purum, ana
Iytical grade, Fluka) were used without further purifi-
cation. A powder mixture with 4.5:3 molar ratio of
Zn:Sh (total mass=1 g) wasloaded into silicatubes
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Figurel: Schematic diagram of theappar atusused for micr owaveplasmasynthesis.

(12 mm1.D. x 100 mmlong) whichwas placedin a
horizonta (H) quartz tube, asshowninFigure 1.

Thetubewastightly closed and evacuated to 4.3+ 1
kPaabsol ute pressurefor remova of air. Following the
evacuation, argonwas concurrently fedintothisH tube
for 5min. Subsequently, the solid mixturewas heated
by 900 W microwave plasmafor 5 min, andleft it cool
down inthevacuum to room temperature. Intheend,
the product was hot pressed at 550 °C in argon atmo-
spherefor 2 hfor further characterization.

RESULTSAND DISCUSSION

Figure 2 shows XRD pattern of the Zn,Sb,-ZnSb
compositessynthesizedfrom4.5:3 molar ratioZnand
Sh, processed by 900 W microwave plasmafor 5min,
and followed by 550 °C hot pressing for 2 h. Inthis
research, spectrum of the compositeswasin consis-
tencewith those of the JCPDSnos 34-1013for Zn,Sb,
and 05-0714 for ZnSh!¥. It should be noted that their
peakswere very sharp showing that the product was
composed of anarray of atomsresidinginnormd crys-
tal lattice.

SEM imageand EDX mapping areshown in Fig-
ure 3. Inthisresearch, the product was bulk compos-
iteswith somedispersive cavitiesinside, including Zn
and Sb detection asthe constituents.

Figure4 showsthetherma conductivity and figure
of merit (ZT) of thecompositesat different tempera-
tures. Inthisresearch, efficiency of thethermoelectric
materialswascontrolled by figure of merit (ZT), where
Z =S%c/K (S, o and K are the Seebeck coefficient,
electrical conductivity and therma conductivity, respec-
tively), and temperature. ZT for thecompositesat 607
K is0.51. A remarkable thermoel ectric material has

low thermal conductivity comparing to that of aglass,
large %6S% coefficient and high dectrical conductivity.
Thetota thermal conductivity (K) iscaused by thelat-
ticevibration (K ) and electronic transport (K ). The
|atticetherma conductivity isinfluenced by crystalline
structure. For complex structures composing of large
unit cells, highatomicdisorder and different aiomictypes
are ableto obstruct phonon transmission with effec-
tively. Thusthey havelow therma conductivities. Mean
free path of phonon through amorphous materialscan
beaslow asatomicrange. Theseamorphous materias
can reducee ectronic mobility by obstructing thediffu-
sion of eectrons; therefore, eectrica conductivity and
power factor (S?6T)!® are reduced accordingly!”. In
summary, the power factor isoptimizedin narrow gap
semiconducting materias, controlled by carrier concen-
trationto achieveat thehighest ZT. High mohility car-
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Figure 2 : XRD pattern of Zn,Sb,-ZnSb composites
synthesized by acombination of micr owave plasmaand hot
pressing processes, compared with those of the JCPDS
database[5].
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Figure3: SEM imageand EDX mappingof theZn,Sb.-ZnSo
composites.

riersarethe strongest desireto achieve at the largest
electrical conductivity. Theefficiency (n) of thether-
moel ectric materia sisequivalent to theinput power
over the net heat flow rate®. Ideal thermoelectric ma-
teridsaresmilar to phonon glassesand e ectronic crys-

———— Review

tals. Thermoelectric materialswiththehighest ZT are
composed of heavy dements. Crystdlinestructurescan
be used to explain electronic propertiesby specifying
theatomicstesand bond types, including vaence ates.
Strong bonding can produce narrow band gap for semi-
conducting materia swith high Seebeck coefficient!”.
The Seebeck coefficientsfor metdsarevery low. But
for semiconducting materids, they becomemuch larger.
In addition, arelated effect isknown as Peltier coeffi-
cient (IT=ST)®.
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Figure4: (a) Thermal conductivity and (b) figur e of merit
(ZT) of thecompositesat different temperatures.

CONCLUSIONS

Zn,Sb,-ZnSb compositeswere successfully syn-
thesi zed by aninexpensve solid-state synthesisusinga
combi nation of microwave plasmaand hot pressng pro-
cesses. At 607 K, the compositeswerefound to have
ZT of 0.51.
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