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Introduction

1. Basic Principles

The Peltier effect The Seebeck effect E Seebeck coefficient Electrical conductivity
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Thermoelectric Thermoelectric

Cooler Power Generator

3. Motivation

e Power stations

* 65% of energy wasted to
environment

* Green house effect
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Applications

Apollo-I Pioneer

1. Radioisotope Thermoelectric Generator(RTG)
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2. Niche applications for solid state Technology
Peltier coolers based on Bi,Te,;-Sb,Te; used for

* Optoelectronic devices

« Small refrigerators

« Seat heat and cooling system U'vamm, y
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Eirlj N type-N type makes N-type Composites %

N type N type
MQ3 5Bl 498Sbg 5 T€g 002 Bi,Te, ;5¢€ 3

o/

(1-X) (M3 2By 4955D0 5 T€g gp + X(BI, T, 1S€( 5)
Composite

* N type Composite
» Mixing after Hot Pressing yP P

 Direct Mixing Method
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Mixing after Hot Pressing ﬂ %

|
The Tubel N - —
furnace for 12hrs 1 Ball milling
at 750°C Mixing in for 8 hrs

mortar for 5

mms
Ball Milling for
6 mins Hot Pressmg
/ ns

00°C for 5 mi

Hot Pressing at
750°C for 5 mins

Hot Pressing at ’ Ball milling for 6
450°C for 3 mins Measurements mins
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Results
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% € Ccomposite Direct Mixing €D %

! |
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* Higher ZT is 0.73 at 300K
and 1.25 at 500K
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IEII—E Conclusion %

» Successfully synthesized the Pure Compounds and reproduced the
composites

 Got the N type composite by changing the synthesis process

* Increase the performance by reducing the extra dopant Te by 0.001 for
medium range temperature
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Eiflj Work In Progress %

* For Bi,Te, ,Se, ; confirmation | will check best composites at different
temperature.

« SEM to check the morphology of composite with temperature and
composition and EDS to confirm the wt%
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% STRATEGIES TO ACHIEVE A HIGH FIGURE- %

OF-MERIT (ZT)

» To improve the electrical transport properties via optimizing n.

2,

8k T\ 7
5= Zop M T(ﬂ)

S
g = {/p—ncu
Ke = Lol = neull

= To optimizing band engineering which cause higher power factor

Yang, Lei (2018). Emerging Materials for Energy Conversion and Storage
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Outline

= |ntroduction

= Seebeck effect and Peltier effect

» Thermoelectric Efficiency

» Types of Thermoelectric Materials(TEMS)

* Problems to enhance the efficiency of TE materials
= Applications of TE materials

= Synthesis to make high quality TE materials

= Conclusion and discussion
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% Thermoelectric Effect %

= Used for harvesting and
recovering heat which is
directly converted into
electrical energy using
thermoelectric generators
(TEGSs) Conversely,

The Peltier effect The Seebeck effect

Cooled Surface Heat Source

Cool Side

= Peltier coolers and heaters T 4

are utilized to convert . .

- - Thermoelectric Thermoelectric
electrical energy into heat Cooler Power Generator
energy for cooling and
heating purposes

[Ssennoga Twaha, 2016]




Eﬂlzlj Thermoelectric Performance %

* Dimensionless figure of

merit zT ‘ Seebeck coefficient Electrical conductivity
= \Where S, o, T, and « are the 2

Seebeck coefficient, electrical S O

conductivity, absolute Material: <, T = T

temperature, and total k

thermal conductivity \

= \\Where k= k(e|ectron) + Thermal conductivity
k(lattice)

[Fujiwara, R, 2023]
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Types of Thermoelectric Materials

Inorganic TE materials
(N and P type)

Bismuth telluride (Bi,Te;) and
its alloys

Lead telluride (PbTe) and its
alloys

Silicon-germanium (SiGe)
alloys,

Antimony telluride (Sb2Te3)
Tin selenide (SnSe)

The abundancy of tellurium
(Te) in the earth’s crust is only
around 0.001 ppm which is
less than gold 0.004ppm
MgAgSb

Organic TE materials
(N and P type)

T

Organic TE materials,
including polymers, carbon
nanotubes (CNTs), and
graphene

Low zT values

Advantages of being
inexpensive and recyclable
The intrinsic flexibility of
organic TE materials

In general, organic TE
materials possess low thermal
conductivity

ZT value depends on the
power factor

UNIVERSITY of

Organic TE materials contain
lower electrical conductivity
and Seebeck coefficient
Organic TE materials benefits
from low thermal conductivity,
low density, low cost, low
environmental impacts, and
good mechanical flexibility
Achieving all these
requirements in one TE
material is of importance
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% Groups of TE materials and Performance %

TE properties at 300K
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zT values Inorganic and organic TE materials

Inorganic TE materials
(N and P type)

Type TE material Ivd a PF I3 IT  Ref
[ V/K] [Sfem]  pPW/mK? [W/mK]
P type Sby ssIng 5 Tey 124 500 - 0.9 027 126]
Mg se<Lin s Ago S ao 200 588 2300 0.9 075 (28]
M srZnn Az sShoss 85 952 690 1.25 028 [29]
I/Q) Mg AgasrSba.sssBo s 255 285 1860 0.8 07 31
00 gt — B.lau.;n..‘\-m.z.;lew l.:ef..-}'lnu__ale 194 |1[_1u 43 1.28 122 [32]
| CulnTes +Biy Sb, . Te; 175 1250 40 11 115 [33]
Biy 5Sby s9Geg o Tes 207 909 48 1.05 136 (3]
CuasBiosSby.sssTes 150 1400 - 1 097  [35]
BinsSby sTez 7Sens 109 1250 . 0.96 048 [36]
BioasSby ssTes 270 285 . 0.9 08 [37]
Big.ssSby s Tes+0.05wt% PbTe 177 1800 56 1.85 09  [38]
Biy+Shy ;Tes alloys +5 wi% Te 155 880 21 14 048 [39]
N type BizTe: wSeus -160 1200 31 1.3 07 [48]
BiSes 105 526 575 1.2 014 [49]
Bi:TexsSess 263 250 0.79 076 [50]
Bi:TesSeqs 146 2250 49 200 081 [51]
BiTes5eqs + 0.3 wi K1 135 1350 26 .45 051 [52]
Bi:Te; 105 1600 17.5 1.65 033 [53]
BizTe:1Sens 168 600 1650 0.73 068  [54]

Organic TE materials

(N and P type)

TE properties of some typical polymer based TE materials at

300K

Type TE material * ¢ PE Ret
[wV/K]  [S/cm] [pW/mK?]

P type PEDOT:PSS films treated with H>SO4 and NaOH 392 2170 334 [67]
PDPP3T doped with 6mM FeCl3/nitromethane 226 55 276 [68]
PEDOT:S-PHE films 40 400 7.9 [69]
PBTTT exposed to FTS vapor 33 1000 110 [70]
PDTDEI12 doped with FATCNQ 80 75 20 [71]
PDTDE12 doped with FATCNQ 30 120 10 [72]
PBDT-TT-TEO doped with FATCNQ 190 1.3e-4 0.05 [73]
C8TBT 60 22 1 [74]
PEDOT:PSS post treated with TFMS-MeOH 219 2980 143 [75]

N type FBDPPV doped with (N-DMBI), -80 7.2 7 [76]
PCBM doped with AOB and N-DMBI -500 2 1 [77]
P(PymPh) doped with NaNap -16.4 18 0.485 [78]
N-DMBI doped with A-DCV-DPPTT -575 32 110 [79]
PDPF doped with 5wt% N-DMBI -235 1.3 4.65 [80]
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Heat Source

UNIVERSITY of
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% Types of Thermoelctric Materials(TE) %

* There are three types of TE materials

Organic-Inorganic TE
materials (N and P

\K’[ype)//

Inorganic TE materials
(N and P type)

Organic TE materials
(N and P type)




% History of Thermoelectric (TE) Eglj

= Thermoelectric(TE) materials and devices, convert the direct energy

between heat and electricity. * First TE effect in 1821-3 by Thomas

seebeck
e 1834 ] A. Peltier

e 20 vyears later 1854 Willium
Thomson(Kelvin Relationship)

Thomas Seebeck Jean Charles A. Peltier




