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SMART :

Specific : Target a specific area for improvement.
Measurable : Quantify or at least suggest an indicator of progress.
Achievable : State what results can realistically be achieved, given avallable

resources.
Responsible : Specify who will do it.
Time-related : Specify when the result(s) can be achieved.
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Magnetron Sputtering System 3D Printer

Electric Furnace 1,500 °C

P-E Hysteresis Loop Tester
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Thermoelectric Research Types in Thailand

B Simulation B Extration M Synthesis B Generator m Refigerator

I hermoelectric
esearch hboratow
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100% UNITED STATES

Estimated Renewable Energy Share of Global Final Energy Consumption, 2013

. ind. water. an . oral Fossil fuels
o ety romporistn bosthgomio ey 78.3%
* m& m’“"‘h"'wi" - Biomass/
8% 74% Modern renewables 53%,"3;2"?"
energy 9
=Y gm PROJECTED fore 04% , 10.1 /O 4-1%
S el S Al enewables - m
- _ _ _ @ 19.1% 1.3% 0.8%
. Wind/solar/  Biofuels
R ‘ ‘ ‘ e 0 ] o
power
$ Ofore i | | Tt o 2.6%
Nuclear power
Year re ] REN2155,
::b:dh::"?w:ed Spersteniets +? !+! i 2,815,850 REN21 Renewables 2015 Global Status Report 35 || x| )
is employed for 40 consecutive yaars Coml.fuciionjohx " "1 2,285,816
TR Unused Energy Used Energy
66% 34%
Thailand
Renewable Energy As of 2015 , Target in 2036 &
1. Solar Cell 1,288.51 MW 6,000 MWV Recover
2. Wind Energy 224.47 MW 3002 MW ‘S' Thermoelectrics
3. Biomass 2,451.82 MW 5,570 MW /[ . ‘ ,
' A P-type Semi- N-type Semi-
4. a‘o“s (wastgwatﬂ/ﬁ\ld‘e) 31150 MW 600 MW WSS conductor conductor
S, Biogas (Energy crops) Pending 680 MW f 7
6. Waste (Municipal Solid Waste) 65.72 MW 500 MW @
7. Waste (Industrial \Waste) Pending SO MW
8, Small Hydro Power 142.01 MW 376 MW SR Electric Energy
9. Hydro Power Pending 2,506.40 MW" .
Mo el ———— Thermoelectric ~ 0,1%
Total in MW 4,494.03 MW 19,684.40 MW 52



What is thermoelectric?

* TE can directly conversion of temperature
difference to electric and vice versa.

nermoe
Nermoe
Nermoe
Nermoe

Nermoe

ectric materials
ectric cell

ectric module
ectric generator
ectric cooler

Seebeck coefficient

Electrical conductivity
Absqlute temperature

Thermal con

ctivity

Dimensionless figure of merit

We need low thermal conductivity and high Seebeck coefficient and electrical conductivity.



Thermoelectric Module

Substrate

Al electrode

Al Film

N-type
P-type

Al electrode

} positive
| Substrate




TE Effects

Conversion AT

Seebeck effect » v, _directly into electricity.
In 1821, Germany Physicist "
V= SAB (Th _Tc)
Thomas Johann Seebeck _ Heating or cooling at
: Peltier effect Cold an electrified
: *+  junction.
- .. .5 = i
. In 1834, France Physicist =1 = . Q = myl
g
Peltier cooling
Jean Charles Athanase Peltier Related Seebeck effect
.. Thomson effect 20, and Peltier effect.
%3 .
JW% In 1954, Scotland Physicist ( AT dQ _

0=

dt dx

William Thomas (Lord Kelvin)
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http://www.thermoelectrics.caltech.edu/images/p-zT.jpg

TE

Thermoelectric Materials - 1821

Semuconductor ~ Semicohd&étor
Bulk Materials - 1950s - LT ~1_1'6 Novel Materials ‘ ZT Z 2

Bi, Te,, Sh,Te,, 4 /‘\ 2+

CuZSel.Ol Complex Structures - 1990s Substructures 1990s Nanostructures - 2000s

Materials

- = = =

Na,CoO, , i
Half Heusler  Skutterudites Clathrates Ca)-(Co-O Nanocomposites ThmFllm

ZrNiSn 004~049012  A;B.,C3p  Nanocomposites Nanocomposites

Bulk & Film--->Nano Materials

A. Hilaala, R. Seeram, Nano Energy, 2(2), (2013) 190-212



How are select TE materials?

200

400 600 800
Temperature (K)

1000

| Low Region
(250-500 K) :
Tellurides

Skutterudites and
Silicides

Il High Region
(800-1000 K) :
Oxides

28



Thermoelectric Cell & Module?

Cooler

+ Electrical power input

Generator

a Heat input b

Current

Hot junction

Hot
junction

Cell & Module

Ceramic plate

<«
alng

Contact
pads

Electrical power output

http://www.nature.com/materials/news/newsandviews/011011/413577a0_f1.html
Sano S., Mizukami H., Kaibe H.,KOMATSU Technical Report, 2010.



TE Device Efficiency (%)
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Thermoelectric Efficiency
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Conversion efficiency (%)
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5.0%
4.0%
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1

Commercial

Transformation efficiency when TC

1°R

=30°C

¢ Conventional module
® Module with peak value of

Z shifted to high temperature side

0 100 200 300
TH(C)
Sano S, et al. (2003)

http://lwww1 .eere.energy.gov/vehiclesandfuels/pdfs/deer 2004 /session4/2004_deer fairbanks2.pdf
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Eco-Drive Thermo CPU COOLING |
(Citizen Watch Co., Ltd.) MODULE ERS Loaded BMW 5 Series
CAN COOLER (Under Development in BMW of North America)



Sunlight

Heatsink

Water or Ground Insulation

Peltier Element

Heatsink

- ——Electrical Cutput

Heat Sink

COLD SIDE (COOKING POT)
Pool Boiling

THERMOELECTRIC MODULE
I S 8 T b

¢ 4 HOT SIDE (Focal point)
JLAR CONCENTRATOR

SOLAR RADIATION




Thermoelectric Batteries

The best-known medical applicai
of thermoelectric batteries is in
cardiac pacemaker.

Pacemaker

SBE FE3AT
7 BT
--"'-'-Fr
B ST

/A e
Ther
Frien

# Isotope for Heat SourcePu-238
# Thermoelectric Material Bi,Te,
# Output Power : 300 uv

Typical Specifications

33



CaCo;+MnO, (n-type)
CaCo;+C050, (p-type) &

.
.
Powder —

Crystallography (XRD)
Thermoelectric properties
Thermoelectric cell

Thermoelectric oxide cell of long column,
drawing long column, long thin, and drwing

long thin are fabricated.
34



TE Cell-2012

TE Cell-2013-2014
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Goal : 1 W/Module
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0.12

Thermoelect

i

L]
1

0.10
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0.04
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Electrical Power (m)

0.00
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31-N-CaMnO5

31-P-Ca3C0409

Ceramic
CaMnO,
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Differential Temperature (K)

Th

CazCo,0q
Copper Electrode

Electrical Power (mW)

¢ Modules
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0.00

TE Module-2012
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@
10-N—CaMnO?> /0
= 10-P‘CB3COQO9 3
]
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Differential Temperature (K)

T. Seetawan, Applied Mechanics and Materials 110-116 (2012) 4101-4105




TEG-Dimensions of p-type and n-type TE Module-2013 J

legs are 0.5%x5x3 mm?3, AT <200 K — . ——
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10} ]
S 10.18 %
P § 1017 <
ol 0.8} ]
4 S | 10.16 §
2 0ol R—1-?Ekﬂ lows 5
3 | AT=170°C o S
04f ]
I {013
[}2 1 1 1 1 I 1 1 1 1 1 1 1 ] [}’12
012 016 020 024 028 032 036
(b) Current (mA)
. 218 9 Experiment o |
il 0141 —— Simulation o20%% -
E 012t §°° ]
E 010} Q9 .
Ceramics () ht_:s D.OS-— 9 #
s o0s| vl
g P
% ol o
3 o00:2| Y
I gil
(d) 0.00F @
0 20 100 150 200

T. Seetawan et al., Advanced Materials Research: Manufacturing _ .
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TE Module-2014 J
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T. Seetawan et al. Energy Procedia 61 ( 2014 ) 1067 — 1070



Thermoelectric Properties and Power Generation
of p—Ca;Co0,0, and n=Sr, g,La, 15T104
Thermoelectric Modules
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T. Seetawan et al. Key Engineering Materials 675-676 (2015) 679-682.
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TE Module-2015
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Etching Substrate Process

TE Module-2016 }

1. Silver metalized 2. Film covered on 3. Substrate llluminated
substrate substrate by UV

il

6. Substrate for fabrication 5. Silver etched by 4. Film removed by
module nitric acid developer 42
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Fabrication of Oxide TE Cell & Module TE Module-2016 J

) b
7

The p and n legs attached to Thermoelectric cell connected
substrate by silver paste red and black wire

Silver etched substrate

TE connected red and black wire TE compressed and annealed in furnace

TE legs installed in egg crate



Thermoelement & Compact Module [iiikiktesiiaed |

by Hot-press method
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Fabrication of Alloy TE Cell & Module TE Module-2017 J

4 The p and n materials and
4 mm _ Press
4 mpv ~ Ni electrode are melt and

compact by hot press at 973 K

6 mm 9mm for1hinavacuum.

1. Materials are cut in
size of 4x4x6 mms3.

2. Ni thickness 0.5 mm is cut in size of
Ox4 mm?
for using electrode

Ni electrode TE Materials

3. The p and n materials and
Ni electrode are load in Press
material fix block, which
connect together by silver
paint and heat at 473 K for
drying silver paint.

5. Alumina substrate size of 50x50x1 mm? is setup
on top and bottom side of p-n pairs+Ni by sitver
paint and heat at 773 K for 1 h in a vacuum.



Commercial Thermoelectric Module BE3\ LT [V =Eriikly; J

ASSEMBLY  SPECIFICATION FEATURES MATERIALS

Dimension: 37x37x7 mm" ALO; Substrate

Alumina
Maximum temp: 600 °C Ni Electrode substrate
Power: 1 W, V. 5V at Ag interface - 37x37x1 mm?®

T.. 600 oC, T.50 oC Si-base Materials

Efficiency: 2% Silver paste

N n-type Mg,5i
%} £ S/ ptype MnSi, 75
RS

‘4 N

Nickle plate

Hot press

7x7x0.5 mm°




Thermoelectric Applications RIFLI[TI[=Ivkl; J

Heat Absorbed

G Current

Electrode

= =~ ‘\\ 7N Substrate
TE Materials “»,A




Power(Watts)  TE Bulk and Film Applications

10k = Large scale waste heat recovery, e.g., transportation vehicles
ik - : . g
Microelectronics, e.g., CPU cooling
100 -
10 — Consumer applications, e.g., Wine coolers
( insertion thermometer o P
| u B u | k for cooking and food T
~=2014 control =X ~
Space power and cooling, e.g., Voyager LY
100m — iea
m
I0m =1 Remote wireless sensors, e.g., networks
| . Temperature-
Im 2012 2014 ¢ Fl I m - sensor
OOou —{__ Biomedical devices, e.g., pacemakers
1001 —a5010 65013
10p -
Low-power applications, e.g., wrist watches
In —m=2008 2013
Pichanusakorn P, Bandaru P. Nanostructured thermoelectrics. Mater Sci Eng R: Rep 201C =
Source: E.G.O. I
Thermoelectric o = — |_L
microfluidic sensor for cquipotentiallayer GRS e
bio-chemical applications o p r
Kopparthy VL, Tangutooru SM,. alumina substrate
Nestorova GG, Guilbeau EJ. e
Sensors and Actuators B 166-167 g — -

(2012) 608615

‘50 mm

Thermoelectric :

O Xyg e n S e n S o r S Fig.3. Sensor set up(a). éatailed view of the s2nsor tip (b) and a photograph of a complete a-Fez03 -sensor (c).

Frank R, Ralf M. Sensors and Actuators B 145 (2010) 685-690
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Prototype of Thermoelectric Sensor
Smart Bulk Sensor 2017

Sample test

- Sugar

INST2015

INNOVATION

Separate by boiling point Separate by heat solution Separate and specify
concentration

1st generation 2"d generation New generation



2 Invention of Interdigital Capacitors (IDCs)
Pl Smart Film Sensor 2017

Permittivity Measurement System
of Crude Oil using IDCs (PCB)

I
1 /] ‘;
| | |
! o ! MUT e =,
| | ad 1\ B ) .
. L . - - |
e tt e -
I | . g ) ——
: 4C | M = =
I | I I — = =
' ' ! — =
(-) Substrate (+) ) — =

Configuration IDCs (across section)

Configuration of IDCs (from above)



Invention of Thermoelectric Generator
Smart neator 2017

BIXPO2015

GENEVA 2015

Thermoelectric Power Generation

TRL2015

I’



x Invention of Helmet Temperature Control
Smart Helmet 2017

TEC Module

Switch

GENEVA 2016

eat sink

Battery DEVELOPEMENT
Battery ___ Switch Microph‘one

TEC == TEC -’

Cool only Cool/warm  remote’contro

1st generation 2nd generation New generation

TEC Cool/warm

= F
Control box




Invention of Personal Temperature Control
Smart Shirt 2017

(lMAHT ,,
OLDIER

O
—]
JNRU N
Water flow L_L
N
1st TEC-water cooling 2nd TEC-warming
& cooling

Fan-Al-TEC-Al

A

12

AI-TEC-Al-Fan

Warming & Cooling



Invention of Coin Cell-Battery
\ Smart Battery 2017
e R\ N\ g,

. g

Y cEA
A Cr2025
F 3v

_J‘_*,

_ CEAE SNRU

Metrohm Autolab Modules



les 2017

f Roof Tiles
Smart Roof Ti

IOoN O

Invent

TE

n-type: CaMnO,, SrTiO5, ZnO, Mg,Si

Materials

Solid State Reaction

Method

Hot Press




Invention of Compress Ball
Smart Compress Ball 2017

SIIF2016




Invention of Portable Water Distiller
Smart Water Distiller 2017

I Heat sink

Vapor orifice w I
i Thermoelectric
1st Generation

E=—— e 77 Watt)

Condenser

Container

I (

Water orifice |

3rd Generation
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