Eicaywyn — IoTtopikn Avadpopn

Ta OespponAekTpika €ival d1aTa&eic (OUOKEUEC) OI ONOIEG
HMOPOUV Kal HETATPENOUV TN OepHIKN EVEPYEIQ OE
NAEKTPIKN EVEPYEIQ Kal TO avTiOero (NAEKTPIK OF

OepHIKN).

OepUONAEKTPIKEC MEVANTPIEC: ZTEPEAC KATAOTAONC NMNYEC EVEPYEIAC,
ol onoiec otnpilovTal oTo PAIVOUEVO Seebeck.

OepUONAEKTPIKOI WUKTNPEC 1N OepuavTnpeC: ZTEPEAC KATAOTAONG
«avTAiec OepuoTnTac» ol onoie¢ ortnpiovral oTO (PAIVOUEVO
Peltier.
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daivopevo Seebeck

Thomas Johann Seebeck, 1821: AvakaAuwn OepHONAEKTPIKOU
(PAIVOHEVOU.

Mepiypa@n Tou paivopevou: Eva kAsioTO kKUKAwPa ano duo avopoid

METAAAG O &evwoelC Twv onoiwv Ppiokovtal o€  OIAPOPETIKEC
Oepuokpaciec anwbei evav payvnTn.

H diapopa Oepuokpaciac dnuioupyei diagpopa OSuvAHIKOU N
onoia NPOoKAaAEi TRV Pon PEUHATOC O€ KAEIOTO KUKAWHA.
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daivopevo Seebeck

AV = SAT

e H dlapopa duvapikou nou
dnuIoupyeiTal ival avaioyn Tng diagopac
Oepokpaciag HETAEU TwV dUO EVWOEWV.
e H oTaBepa avaloyiac (S) ovopaleral
ouvteAeoTnG Seebeck kal ouyva
avagpepeTal OepUONAEKTPIK loxXU
(Thermopower).

e To duvapiko Seebeck dev eEapTaral ano
TNV Katavoun TnG Oepuokpaciac Karta
MNKOC TWV METAAAWV.

e3> autny Tnv apxn ornpilovral Ta
OepuoaToIXEia Ta onoia XpnoiponolouvTal
yla TNV PJETPNON TG BEppokpaaiac.
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daivopevo Peltier

Jean Charles Athanase Peltier, 1834: AvakdaAuwe OTI NAEKTPIKO peUpa

onuioupyei Badpida Beppokpaciag oTo onueEio Evwong dUo avOouoIwyv
AYyWwywv.

Nn<o; ApVNTIKOG
ouvTeAeoTnG Peltier

YynAOTEPNC EVEPYEIAC
NAEKTPOVIA KIvoUvTal ano
Oe€1a npoc Ta apioTepd.

H ponl nAskTpikou  Kai
OepuikoU  peupaTog  €ival
Npog v avTifeTn
KaTeuluvon.
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daivopevo Peltier

n>o; OETIKOC
ouvTeAeoTNG Peltier

YLpn)\OTz-:pnq svspyaaq onsq
kKivoUvTal and apioTepa
npoc Ta o0€&a.

H ponl nAskTpikou  Kal
OepuikoU  peupaTog  €ival
npoc Tnv idia kateubuvon.

Q= (M,-M,)E

Lenz, 1838: '‘Edcice o1 avaloya pe TNV KATEUBUVON TOU PEUPATOG
BepuOTNTA UTTOPEI EITE VO ATTOPNAKPUVOEI ATTO TO ONUEIO ETTAPAS TWV OUO
METAAAWYV, TTAYWVOVTAG VEPO, EITE VA TTAPAXOEI NETATPETTOVTAC TOV TTAYO
o€ VEPO.
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daivopevo Thomson

To ¢aivouevo Peltier spgaviletal AOyo Tou OTI £va_nNAEKTPIKO pevua
OUVOOEUETAI _arno _£va BepuikO psupa O €vav OMOIOYEVN) aywyo
EUPIOKOPEVOC akOpa Kal uno ortabepry Beppokpacia. To peyeBoc Tou
OepuikoU peupaToc diveral ano Tnv oxeon M-I.

I

Jn

conductor A | conductor B

Mn.x Cu nx. Fe

H e€iowon Peltier W = (M,-Mg)I ekppadel To 100C0yI0 BepUOTNTAG ANO KAl
npo¢ Tnv dienipaveia A-B Twv dUo PETAANIKWY aywywy.

William Thomson (Lord Kelvin), 1858: Xuvdeon Twv @AIVOUEVWV
Seebeck kai Peltier.

n=ST
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daivopevo Thomson

H uonap&én diagpopag Oepuokpaciac HETAEU OUO ONUEIOV EVOG
HETAAAIKOU aywyoU oTOV onoio SIEPXETAI NAEKTPIKO PEUHA EXEI
WG ANOTEAECHA EITE TNV aAnoppoPnon E€ite TNV anoBoAn
OepuoTnTac ano auto (eEapraral ano 1o €id0G TOU aywyou).

MPOZOXH: H OgppornTa autn Oev_£XEl kayia oYXEon MHE TN
OegpuoTnTa Joule (Q = I2R) n onoia navra anoBaAAerai. i
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i ZUvoyn OepUONAEKTPIKOV PAIVOUEVOV
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daivopevo Seebeck
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daivopevo Thomson
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daivopevo Peltier
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daivopevo Joule
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OepponAekTpika Paivopeva kal EqpapUoyEec

Seebeck Effect (1823) Peltier Effect (1823)
A A
- |
T| 5 T+AT T,-AT S T, +AT
B B
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— |
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Power Generation Refrigeration
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OePUONAEKTPIKN ZUOKEUN

Electronic camiers
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AvaTtopia OepHONAEKTPIKNG ZUCKEUNG

Kepapikég enmipaveieg. KaAég
HNXaviKEG 1010TNTEG, UWYNAR
OEpHIK aywyigoTnTa KAl
HNdevikn NAEKTPIKI)
aywyipornta (ALO;, AIN,
BeO).

Em@aveia &voong aymynv.
Zuvnow¢ kpapara Sb-Sn n
Pb-Sn. Mpénei va &xouv
uYnAo onpeio TREEWG.
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EQpapUoyECc OEPHUONAEKTPIK®DV ZUCKEUWV

= KatavoAwTég
= AutokivnTta
= Biounxavia
= 2TPATOC KAl AidoTnuO
MAgovekTApATA:
o Agv £XOUV KIVOUUEVA PEPN
e Meyahoc xpovoc (wnc (100,000 — 200,000 h AsiToupyiac)

e Aev UNAPXEl KApia anoAUTwE punavon
e ABOpUBa

MeiovekTnuara:
e Mikpn anodoon
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EQpappoyEeG yia KatavaAmTEg

BEER COOLER TE FRIDGE CHOCOLATE COOLER
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Eqappoyeg yia AutokivnTa

SEAT COOLER/WARMER CAN COOLER
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Evepyelakn KaTtavaAwon og AuTokivnTo

Combustion

Vehicle Operation

[oR=nee

25%
Mobility &
ccessorie

5%
riction &
Radiated

Mote: Charts in this presentation
are drawn from multiple sources
and may have slightly different
nunbers because of different
vehicles & assumphons. Consider
them general estimates. nol precise
analysis,
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OepUonNAeKTPIKA Kal AUTOKIVNTO

Napaywyn Evepyeiac:

o HAEKTPIKN EVEPYEIQ ANO TA KQUOAEPIA N TO oUCTNHA YUENC KE
OTOXO TNV avTikaTtaoTacn n Tnv UnooTnpiEn Tou oupBaTikou
NAEKTPOUNXAVIKOU oUuCTAHATOC (OUVANOC).

>UMBATIKEC NAEKTPIKEC QVAYKEC

EmnAeov NAEKTPIKO POPTIO

HAeKTpIKN Kivhon
e MIKPNC IGXUOC YEVVNTPIEC YIa aoUPPATOUC QVIXVEUTEG
e EkpeTaAeuaon nAIakng evepyeiac
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EqapHoyeC yia AutokivnTa: ZuoTtnua Avaktnong Evepyeiag

AT T
o S
[fﬂatalist ERS F—
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8 Engine Transmission ()
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Ra?ial'm'[ J [ 1

Alternate: make the radiator
into an energy recovery device.

(Small delta T)
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Biopnxavikec EqpapHOYEC

ELECTRONIC COOLER TE DEHUMIDIFIER
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EqpapHOYEG yIa TO ZTPATO Kal To AiGoTnHA

Multi-Module Chips Thermal Management
. of 1K Imaging

Individual Soldier N;]'l,,':ll' F]'upujgjm[ ]_ng“g
Climate Control superconductor Motors NIGHT VISION
¥
[ R
r |
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i OepponAekTpikn Anodoon, ZT

2 : :
S O S: 2uvteAeoTNC Seebeck

- [" o1 HAekTpIKA Aywyipdtnta
KL +Ke K. @epuIk AywyipoTtnra

v Evepyegiaka xapaKkrnpIoTIKA
v EuKivnoia
v OepuIKN aywyIuoTnTa mMAEyuaroc
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IoTopikn EEEAIEN TwV OepponAekTpikwV YAIK®V (ZT)

4 wr
(B1.5b}.Te, & |
Biy(Te, Se),
3t optmized alloys |
. .
% - Bi,Te; (n&p)
=
!
1 p .
:  p-Bi,Te, & Bi
Bi alloys
[} | 1 L |

1550 1960 1570 1980 1980 2000
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BeATioTonoinon Tnc Anodoonc (auv&énon Tou ZT)

2

o

/1 = > ¥
K; TK,

MNa peyaAuTepn anodoon anaiTouvTal UAIKG Ta onoia:
»'Exouv peyaAn nAeKTPIKN aywyiuoTNTa
»'Exouv pikpn Beppikn aywyinoTnTa

= a0 avTikataoTaon Twv Yuyeiov anaireital ZT= 4 - 5.

= [1a va xpnomonomesl n OepuoTNTA ANO TA KAUOAEPIA TWV
auToKIVNTWV anaiteital ZT = 2.
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MoioTik0 Alaypappa S, kK, o evog YAIkoU gav Zuvaprnon
TNG ZUYKEVTPWONG TOV DPOpEWV.

o=1/p

n ZT — T

Insulators Semiconductors Metals
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i Taoeic ota Ogpuoniexktpikd YAka

2
ZT— S GT > AT ..=1/2(2-T.)
K

Huiaywyoi - Bi,Te,, PbTe
BeATiOTONOINON WE OXUATIOUO OTEDEWV
olaAupdrwy, eloaywyn rnPoouUiEEwWVY K.a

¢ 7> k’T dlno(E)
Mott: 3 o JE .

[MOAUNAOKEC evePYEIGKEC OOUEC UMOPOUV Va 0dNyrnoouv O UWnAo S.
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Ynooxopeva OspponAextpika YAika: Skutterudites

e Compound Form: MX,
M (metal atom) = Co, Rh. or Ir

X (pnictide atom) = P, As, or Sb
band gap 0.2 - 1.5 ¢V
mobility 2-10-10° em?/'V-s

e Scmiconductor:
e Complex Umt Cell: 32 atoms/unit cell
Satisty Basic Requirements for High ZT:

Large unit cell, heavy constituent atomic masses. low

clectronegativity difference between constituent atoms, large carrier

maobility
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Meiwon Tng OepuIKAG AYWYINOTNTAG
Phonon glass-electronic crystal (PGEC)
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Meiwon Tng OepuIKAG AYWYINOTNTAG
Phonon glass-electronic crystal (PGEC)

Zwnpa Aovouueva aropa

KpuoTaAAikd Hulaywyiko TTAEyua (Rattling atoms)

skutterudites

® o OSh ' ‘

Ce ,Co,Sh,, Insert Ce
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Ynooxopeva OepponAekTpika YAika: Chalcogenides

1.0 :
CsBi4Te6 B12Te3 *
n-S1Ge
n-BiSb
— 0.5 F
N
0.0 | 1 | 1 | 1 | 1 | 1 | 1 |

0 200 400 600 800 1000 1200 1400

Oepuokpaacia, K
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i Evwoeic XaAkoyovidiwv HE AAKAAIa

AAkaAia
A,Q (A: K, Rb, Cs, Q:Te,Se,S)

CsBi,Teg

K,BisSe s, K,BigS:4
~ RbBigSy3
KBig 33510

CsPb_Bi,Te., .

PbTe Bi,Te;
(Sn,Te,Se) (Sb, Se, S)
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AO],H'] TOV B' KzBissel3

MiIKTH KaTtaAnyn
K/Bi

. L
KuBiko Bi,Se; — TUTOU
OOUIKO OTOIXEIO SoMIKO OTOIXEIO
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NavoTtexvoAoyia ka1 OeppHonAekTpIKa YAIKA

e Bi,Te,/Sb,Te, superlattice — RTI

*eoie)

-----
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