CHAPTER 1

INTRODUCTION

11 Background of Study
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eSWe heat energy is
converted to electrical energy or vice versa. The pr !i

are CQ? by using
thermoelectric materials due to the three main effects@involved in the process ﬁg}?ﬁl as

Seebeck effect, Peltier effect, and Thomson ct. Th; evi ma@of this
Y/

Thermoelectricity is a term that refers to a pr

thermoelectric material is widely known as a promisin \FrnQ[ gy far electric power

g
generation and refrigeration in vario ields. mad , thQ ost promising

thermoelectric application is genera imer fwm\ heitQN Mustafa et al.,
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Performance is determey Ir i |onles$gure-of-merit, ZT which can

be calculated using the%z vj I §
s 2
Nl %
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where q, g,)nd e e&ec&} oefficient, absolute temperature, thermal
&k. >
conduc% d elgctri Fsistiv@ respectively. A good thermoelectric material
il i

sho ve a high Seebeck c@ient, a but low electrical resistivity, p, and thermal

2017).
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c \ivity, . Higher ZT indicates the higher performance of thermoelectric materials
s aconverter. However, higher ZT is not easily obtained. Thus, a lot of studies have
een conducted to improve ZT. Among those, thermoelectric materials and their

structure play an important role in improving TE performance. State-of-the-art TE



materials are Bi>Tes, PbTe, and SiGe which operate at the different optimum
temperatures of 300-400 K, 500-900 K, and above 900 K respectively. These w{

properties can be enhanced by tuning or doping techniques (Alam et al., 2@@}

On the other hand, thermoelectric structures have been widely studied and
recent progress in ZT shows great assurance in the development of a'pew generation

thermoelectric generator (TEG) in cascade and segmented stru Shen, Liu, Wu S.,
Xiao, & Chen, 2018)(Ouyang, 2016). In this new structure, differ n' materials were
segmented together, for example, Bi-Tes and PbTe so that'the t erNic I\%.can
operate at a wider temperature range of 300 K — 9% ’ -{0
A
S thg@ffabrlcatlon

ermoelecttic materials which

involved physical and chemical mehods. i% f’g{e frequently used to

fabricate TE materials. Sinterin ods Inclu dif@t techniques such as
(7]

pressureless sintering, hot isostatic pressin . hot pﬁé@ing (HP), and spark plasma

N
sintering (SPS). The t reREIe sinte'ing thod\ss‘%sing the spark plasma sintering

(SPS) technique alwo a m@ asg‘ié)@ sintering technique (FAST). The
AN

difference betw s technique drom o@ sintering techniques is that the SPS

Ny
technique co@cat the ;iéls (Jshort period with the presence of electric

current. &Iﬁod ;a u@ sin}éﬁng process where the heating rate is up to 1000
’

degree}II|I per’minute. Accordin Siebert et al. (2019), the rapidly increasing
N

t ature of the SPS technique allows the densification to take place in a low-
erature state under a short time process. To be exact, fast densification can be
Qieved as grain growth can be avoided. It is said that the increase in heat rate

decreased the grain growth. Meanwhile, the presence of electrical current generates

Another way to improve thermo%z prog\'

techniques. There were several techniquesi icati




plasma which produces an extreme increase in temperature on the surface (T. Hungria
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et al., 2009).

1.2 Problem Statement

Not much study has been made on the fabrication of b@noelectric using
another sintering method due to a well-established study. R ers a're more focused

on the fabrication of thin-film and green material which bee tM.owadays.

¥
However, it could not be denied that state-of-the thermoel ic’de_\&is still
outperform thermoelectric thin film and has wi?po icati r( -\Y'
o
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Common fabrication of thermoeleCtri teri

e Sfﬁsﬁzhnique IS not

available in Malaysia where the pr% rese@ex s&ge samples to be
fabricated outside Malaysia (Rién )/I ﬁx;pz ). aj;hs, the study on bulk

“« Q-
thermoelectric material is Iimmk to the hi St o&@tmoelectric fabrication. An
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alternative approach for ow%ﬁonst ctio ol bg%rermoelectrlc materials is using
niqu t

the HP fabrication tech Thi% he cheaper hot press machine and widely

@,

available in Mala@ref rle, this tudy,@ts to using HP techniques, to study the
N

optimumthergﬁ&ric bicati J[dch' . Since the HP technique tends to produce

less effici moel tric?m teri this study used state of art thermoelectric
e-
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material, s-and P b{sed.Y‘
A S’
N

n addition, there is a limitation in knowledge about the procedure for preparing
t ass of materials needed in previous studies. Although the mass of powder can be
easured according to the stoichiometry ratio. The outcome might be affected by the

fabrication process. Ability to identify the correct measurement of the materials would



ease problems such as waste of material. It is indeed crucial to initially study the
methods to prepare samples. Hence, this study will investigate 2 different technl?!-o

prepare the sample using the HP process. \

Another problem involves TE performance. Since the real conaltlon that
thermoelectric experienced is under large temperature differences, tz properties of

thermoelectric such as the Seebeck coefficient need to analyz such conditions.

er srl1a|| temperature

propQ.'.ties
N
ongiﬁg%or the

However, most previous research investigated the properti

differences (Abrutin,2004) (Zhao et.al, 2014) (Ouyang, 2016). Analyzi

under a small temperature difference doesn’t necessari provide re

measurement of the properties which is under a I herefore,
this study attempts to measure and co W'Seebe& coeffi der these two
conditions, large and small tempera ferences. the@s no commercial
equipment in measuring the pro s nd e e differences,a high-

temperature vacuum chamber\ ted to rco

’,,}
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O
The objectlve f stugly are a f}llove,)

NN
brlcgte n rnatpé}ost effective thermoelectric material (PbTe- and

i2Tes-based) usn‘g}a hot press method based on two preparation

techniques which are atomic ratio and volume ratio method.

QE 2. To design and fabricate the in-house vacuum chamber system for high-

temperature measurements up to 1000 K.



3. To measure the Seebeck coefficient under large temperature difference
(IAT) using in-house apparatus inside and outside vacuum chamwy-d
electrical resistivity using a 4-point probe.

4. To compare the Seebeck coefficient under large (IA@nd small

temperature difference (sAT) to see the difference betweeWconditions.

1.4 Scope/Limitation of the Study z '

In this study, the thermoelectric material samp ed ar IW n- and p-
(3

type BiTe-based and PbTe-based material with mposition 0o *iz@seo.s,

Bio.3Sh1.7Tes, PbTeosSeo2, and PbosSnosTe. T ements’ wer ons&@~ ted using

ess méhg:e of 573 K.
a. O

the hot press method with a limiting temp tureof t

Limited pressure of the automatic hot&%hme is

Since the Seebeck coeffici der Iarg rat r@fference (IAT) will be
measured under this research, avaﬂable equrpment available, a
refurbished homemade devi e wasrdevel ~LRimita \@for this equipment, allowing
only measurement un empe‘rlure |ﬁére@s Although the limitation of the

heater is increased to 1 73l ep é us design, the hot side can only be
heated up to abaut 5
srferaj?wrll be conducted at room temperature only

the @mt probe measured the resistivity on the surface




