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Research Title: Construction of prototype Seebeck coefficient instrument in laboratory
for studying CuGaO, thermoelectric material by Fe addition
Researcher:
1. Aparporn Sakulkalavek Faculty of Science, Department of Physics, King Mongkut's
Institute of Technology Ladkrabang.
2. Somchai Kiateamolchai Faculty of Science, Department of Physics, Chulalongkorn
University.
3. Rachsak Sakdanuphab College of Data Storage Innovation, King Mongkut's Institute
of Technology Ladkrabang.

ABSTRACT
In this research, Seebeck coefficient system was designed for using in laboratory. The
design system is capable to measure Seebeck coefficient from room temperature to 100
°C. In addition, the system was calibrated by using CuGaO, doped with Fe,03; sample
which was measured by standard instrument ZEM-3. The comparison results were

concluded that the design system had accuracy in confidence level of 95%.

Keywords: Thermoelectric , Seebeck coefficient, ZEM-3
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2. 1A598319 spinel

\ [# @
L
¢ & &
o :\q"f
— 2N "
| & o
{ @
{
; [
< ©
thi {c
£

10

Oxyegen

Otahedral i

SUN 2.8 (a) Insaasng spinel Hgnsvialufe AB,O, o A AslessuvedanyiiAniaud

Wiy +2 uaz B Aslesouvedlavgdiliaiaudviniu +3 lulasawdnuuu  spinel

sendaulosouavesidumiuaniigvedasmdn FCC dwloopuves A uas

14 o |

Uﬁ?ﬂqaz‘;:[,u%aﬂ tetrahedral Way octahedral

B v
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Ay (2005)
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Y. Kumekawa
LLayAUY

(2010)
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ilauiigamail 1100 °C uw 24
Ilug Tuusserneninig flow wia
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R Sumio Lag

Aty (2009)
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Tnszuaunng quenching

K. Gurunathan
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(2008)
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Uia(SeebeckCoefficient)uagA1AIUA N UNIUNIIIATN  (Electric Resistance Resistivity)
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Electrous

Tharmacoupie A

Thermocouple B

Surnent |

supEply
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sUN 2.10 lnozunsumannisinAnduuseansdiun

¢

ANTOMANENUSEANTTWALARIFUNIST (2.3)

AV
= (2.3)
Temp.B —temp.A
faanunsameamgiivimsialsnaumsi (2.42)
ad o y Temp.B +temp.4
AUVANVININITIA = s 5 == (2.4)

N13VANANUATUNIUNIIHAN(E lectric Resistance) TognN15a18NSE0a W1 AN LATUI995

WEZAMUAAINATUD19EITULN (Rref) afiagmiAua UL (Rsample) Y093UITURIDES

ey

RINANUANANIANATENAINFIUNILENBS B1FBNYNISUUIS IR
?

gﬂﬁ 211 nMsuuaussaulniin
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INFUT 2. 11 e enseuamuiifaumiy Rre iay Rsamplenssialwaiinaziiaimiiy

Iref= Isample (2.5)
PMNEUNS Vv = IR
Vot Danpe | (2.6)
R, sample
Fard A UEUNIUYB LI TR DEN
ample = — =X R, (2.7)

ref
aduanunsavnaan i uulEann
r:Rmew -
sample
do 1 fe enanmwdunulei
R Ag AIIUF19Fng
Asamplefia fufiwasiunusiogn

Lprobe A9AMNE1IUDITUIU

satuAanwin v laannaunns

o=— (2.9)

2.6 A38IXRD (X-ray Diffactometer)

winilaenasdivunsnty w3o waida XRD  iHuweiiefivnfidendunlidnsiyt
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liinnsideauuresiadfyuins fulasdivfadusisudoya iesanesalunis
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2.6.1. N15LABNUUVDY X-ray (X-ray diffraction)
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2dsin@ = nA (2.10)
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2.7 13049 SEM (Scanning Electron Microscope)
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JUN 2.18 Anwarauauilaainaies SEM luluun Transmission Electron Image (TEI)
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sUT 2.19 dnvgres@uauiilaainia3es SEM  Tulnus Energy  Dispersive  X-Ray

Spectrometer

galunuidetagldiasas SEM Talulwuswsa Secondary Electron Image (SEI) Lﬂuq}
Snunuiiuialviun Backscattered Electron Image (BE) Lwamuamﬂuum’awuu‘wm W
uansoeniariie i lurediunndisiu uaziinszsisnnlae Energy Dispersive X-Ray

Spectrometer; EDS  aganusaiaseibainiuiiulsenaumesinviiai

1309 SEM  anmsnvhinisiiasesinaaaudied gliie uuvreands wuuns Ay
wdey Feg1am1sian s eneTaguardidnnsoinduasidusudeaiiliiivin
Fraehalsiinlni ardosndoLnemieaiveu lneliviaiudnuuriafiogsiifednis
Anseinndeu wszndesgansseiBiinaseudeddidneseuiionsenufuiuanudiuany

[ = @ ' a Ay o v o a o a =
LUUQU'JU@Laﬁmi@u%%lﬂma@umﬂ”lLU'L&G\'JU']IW%]'\EJLaﬂWSBUQSLﬂa@u‘V}

a

2.8 N19ILASIZURUBUALTIEDRA

U

Tumsadiuniside  “auuiignu” (hypothesis) Hudsiisiennudgunn esain
nsidedunsruunsuitymusefummnauiie s nismidinermans Fazisudulag
nsivuateyml mmfu%wmmmmmmuﬁmawaafjmmﬁu NSANAALLUAINBUNAB
auiigiu fuaniigiunmside fe dnouniedeagUremantsifeiiyisvaanisainie
atnAziuliarainadaliivauasnalngo1fusINg UYL UIAANG YL HANITANY
fuain wamsisusmisszaunisaivesfidows Ssauniguiauisaldiduuomisiunis
furt paemaudunumdumsifununadoya uesiinseitoyaihadigisefnwogiu
Wuldauiiaianisailiniely Fefaundgruddalionniuadmieliiuais
muiiiduanasuild  TuagiumenaaevauufgiulasendedeyaiAusiusuliuas

TENIMAnf
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2.8.1 UsTVUBIAUNGZ Y
auuAguwiseentdiiy 2 Uszan Ae

1. aN3Ag U939 (research hypothesis) Luanufigrunilisuegluguvastoninu
ﬁu,ac»‘.u’5cmmé’m‘?w§waec3hLLUiﬁﬁﬂmﬁ"uﬁmauﬁc’uﬁi"aﬂm%wimi%mmﬁvﬁﬂmEJ

a1unsndannuLnelalanen g9

2. auwdgiuneadflstatistical  hypothesis) luauufgIuAudsuguu1In
auuigunsIve leelddndnuainisadinanansiunuanudnuuziiefuaImsinesved
Use1n3 (population parameter) N 1TBUTUIBANUANTUSUDIAINYT aNUFFIUNNETA

wlsvnaume 2 anvuzaiuallauefe

21 auufgIuINg vseauudgIuvan (null  hypothesis)  wunudgydnueisig Ho
Wuanuiigiukansdaniumlunans Tnessyfennuduiusveadinlsinmndu

Taiupnenanuys o luiiauduRus Ty

2.2 auuignunnadenvsoauungiused (alternative  hypothesis)  wnudgyanwi
e Hv3e Ha Wuanufgiuwendanenssiuduanuigiundn  Tngssyfennuduius

YIRILUTITRIYINAY wanenafu 1N UeenImselaudunusiun1TNnaaUaNNFFIY
2.8.2 TN1INARBUANNATIY

msnaasvaunigiu MWlunimeasuAmisiimesvaeszansfiisIfoin1snsIvi
Hulumuaumdedanliniely fsanufgiulufidesnurefeanuigiunisadsn
(Statistical  hypothesis) Fadu auuAgIuNIeaiffe Fonruiiieatuainisdnes
935N Aeenaaniiuataniolindedly Jvihmeveasvauuigiulaeedunaudaogig

Fiothelunmsinaulaizeoniudoufiasaunfgmuiisidaliviold
nMsneaeUaLLAg AR UARAsUSEIIN SN (1)
it 1 é;?aamw?@'m

WUU AHg: p = pgHa = g
WUY B Hy o = g Ha @ u <y

WUU C Hp o = [ Ha @ p > Ho
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il 2 wamnaatanlilunismadevanyigiuniels Hy fudl

i =1 = V.. 2
v 1 d1dszeinsidnisuanuasnuvuuniiaglak~ Normal (u,%)

uagnIuAisazla
(2.11)

_ X—lp
Z_o/\/ﬁ

& 2
5 9gls X~ Normal (u,%)

ATAN 2 d1Us¥YInsSTNISHAINLIILUUUN

witlains1uano?Talszanmeinng S2 9zl

_,X—Ho
b= SV (2.12)
N307 3 DNLUNSIVNITHINLAUBIUTEYINS LAVUIAVBS n LA (n=>30) 9¢le
__X—Ho
Z = S (2.13)

it 3 AvuRsEeULBaAY (o)
duil 4 wisingeduegfuasigiuiincly
nscivildanata z

Ha:pu # yg

Ho: L = Uo

AUNFFILLUY A

b2
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HUNASUMUU B Hy: = p  Ha:p < o

FUURFIUUY C Hy @ p = o Ha : u > o

"W

Tuil 5 agunanisadey aziinsUfiasauufgiu H, Adeld fAdaide aadnd

Awnldnnagluvoulwnvenisuasvisenings wenanuaveeusuaNLRgIU H,

2.8.3 UWNRSUBHNNAZIY

Va W

msmauw%mfﬂ maamamaammmma SU&GS’JQEJT\] G]ENE)’ME“/I@H“U@QHJJ&J@%’]U
mnwmuwmmu

L nguijinaeg smmmuamwam‘uuwmuS] AIT8ERRIINSANYILALTINAIY
Frldlunquijuanidonunaniy lusuiiasdrglinismmetigmuagnisdiauuignldiiy
o197 nazvhlinsiduivgn Tededunuitthmimindet

Yoo hLUy.

2. FofunuanmSITeniigyhuuds Jeedunuineg ssielvgadearsatluly
lupassauaigiula

3. ALY amﬂ W vesdsnuuarndnanuadenduiis onuvesaurily

4. Useauns bUﬂiQ‘U@\TN’JQ%JL@\? %GN?%HL@Q@WQLUUN@JQT&JS mmmmw IULAUQML
L{]'L&?JE;’NQP“G'J/GTJ’]"\] L‘1Jl‘sﬂd‘l"[’d’]ﬁ]ol(ﬂ‘V]'N’]‘L!ﬁaﬁ@ﬁﬂ‘ULi@ﬂ‘uum’](ﬂaaﬂ
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5. d3vsedviiirvigludeatug lnsawie Jednaniviededniuveyang
wiamu awnsadiulslunsisauuigiula

6. NISARNANGANTTUNIOWNNITAUAY ANTY 5I0TINTSIATNITTATIEIRY
AINFNWUSTD AU waziwilduvesmgRnssunsomanisaitue Navaunsaldiiu
wamslunsiauusgula

2.7.4 ANYULYDIFUNAFIUNA

AULRFIUNAAISHAN WL AT

a o

1. @0nnaediugnanuneeInsivy  ayamnafesnsineiovls auufigiuiags
salviagludnyuriuimasieniu

2. ssmaumaulansaunaulnivng sunfinw  leessuaudunusvesnuys
faulaluguvasmnuuanmie  w1nndn desnitvseduiudiu dauisoasuldinduads
EDIEY

3. anhsonaaeuldmedeoyauazisnsnaai
4. M dany Wilede Sanu

5. auufigunsazdemsneumauissdalfavseusziduisy  mndiduusnavdoeding
waura AsueniuaNNfgugssuRazte sIzIzauITeaunsyausunIeUnLas
aundigulataay

6. dUVRANNANINAY]] WANNsuazmeNa anniiuasefisensuiuinly

Frndulunuifedisnlédmdnnisnisadadaifondnnisanufigiuunld
Tumsasuéneds Tasnnsinadud seanitiunvesieguannietesiiofiasstuies wolfu
srusindeyalililadiuiunnwe nvuRwIuAndadavesdifildannismagey
Tudnwazyoinisuanuasdeya waviaildunuieuiisuirfiaamdululdmuiils

NLATY ZEM-3 rsald


Lib
Textbox


26

uni 3
guNIAlLarITN1IATUIUITY

Tunseniunudsel  sndunseenuuuiaiosdiedmsuiaduussavsgiualnouys
mssfiuaddodu 2 9 Tudrusnifiunsadaniodlodeldinduussanigiualugied
2 andunsvadeulaerhnmsiaduusyavigivavesiietns  wdnhuuieuiieutuendls
naTes ZEM-3 Tagldmameaeudsain aavheaslumswietansuszney CuGa0, uax
msfannantiiddasian  aniBnanesluddnvindusigungivieds 773 K @9
neazdunlunswioniangunsal  Aldluniseonuuunazveaey  dudunis  uang
Fasaluil

=Y

e~ o v a £y
3.1 gunsalldlunisasrunsasinAdudseansaiun
3.1.1 aunsaldmsuINe U

i = oo va °
Wesanneanantulaveniauanddduuinuielagianiznisiitiiiuasy
anusaulad fausuniusenisinnsaulasunn amnsawlssunaeiseaneg ladnesay

Tangnosunsdadnirsvrluldidunvasszursaiusoulvdudusrunaziaan

9 P

duUszdnsdiua lavvurnvestounssuasfivindugiuildlulassauiewide

] Y]

10x10x4cm (U a) thananzg 2 sidudraiedwiuldinninusinsdnduazamumgiisugy

'
=

wanNddadinviaanas (5U b) Mvinsiazgiiiied wmiuldingumgiiuazianzsivane
Snsnudmsuldiamnumednddudou seunludndeutiuas (U o lddmivliuidoy
wianeaupslvidudaiuianinvesiuey

(a) (b)

(a) NoUNBILAa (D) WYIVIBILAY (C) FABUTU-BY

JUT 3.1 gUnIaldmTuIneatueu

3


Lib
Textbox


27

3.1.2 N15U5ENaUaUNIAAIUT UL

iEnslumsuszneugUninidmiunsiunu e viwimesuasniadniuusy
auu (3U a) LLasmegm’”wwmﬁmﬁmiuamul,ﬁaaﬂﬁuﬁaL?{auﬁﬁu—aa (5U b) uaggavie
MN1SWUA8LAUAINN DILAILUUVHAUIU T TULVIIN B IUA MnduEdeuUfuTu-as
WIFAAIUUILABUNDINAS (U ©)

)
v oo A

(a) AANUBNURLIY (b) Fafududeudu-as (o) Aaihiugiufiounsuag

JUN 3.2 msusznaugunsaldmsuinadiunu

a

3.1.3 sasiiadnadusnsfnduazannadl

|

Tusswinansyuaunismefadusyiviguatuesdifulsmaridesfinufe gnmai
Auseu (Ty), gaumgianudu (Tc ),Annuuandagumgil (ATsmiaAa s adnglui
(VlagaduusganifiuaanunsamlennnsnsaIusenineauwn nenwe 1aua i g
Lﬁm%mﬁaamnﬂmmw\ﬂthaaqmmgﬁﬂuaa%umuaam’ﬁLmu'a
TagAanusnsdndlusruuinannia3as DMM §u 2100 veauisvkeithley (3U aluaznisin
gamiaglfansesludlilavin K (5Ub) Aefu DAQ Ju NI 9211 (3U o laed
AUGNABUYINAY  0.025 ssrwaivasiy lummidedisfesesntuuuasadiaszuy
Faufudeyanvudaluddiduduainnmsidygyinluseninnisiiauvessyuy
fo dyaguvninsedyyruaiuiedndliianiadiufeunasfubu Tasezgnuias
W1ugUnsnifiiunin Data Acquiaition (DAQ) %aﬁmmL‘éﬂuﬂmﬁwﬁagﬂuixé’u:ﬁaﬁ%mﬁ
(ms) noudizdafiulupdosnenfawmasiie USB port
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e

@~

- —_—

e TR

TN o b Of Gl T S b

(b) wasluAuavia K (c) DAQ 3u NI 9211

JUT 3.3 insesliednnnusnedng wazgumgll

Y

- w389 DMM 2100USB Adneasadfiwes Husulvaidngaues Keithley DMM
UsgaAviinmgennugnasauaiugnge (38ppm), Anuaztdensssu 2100 11 Haridunsin
way 8 efdunsadinmanssesiumaiimeiiiaunniiangunsaiivumduans USB, Insu
i, wazwordniiteglusu 2100 samfuduendnuaifivilitianuusiudigeuasisumuei
JU 2100 dauwsnzaud msumavaaaua R & D 1093fns, Univneimansuazinfne
mstaauudugtuiuguuarnsszgndldlussuy fu 2100 fafiesniw AUONADILAE
1132 Tumandisann fugiuenugnies vesussdy DC Tutas 10V anugndosiumu

WugIuAe 10kw ju 2100 v 50 n3ninadrdgs / s HIUMIBLweSNgUSB ssevlna  Ju
2100 FAwunievestmyiauagiaidusiai

U599 DC: 0.1V, 1V, 10V, 100V kag 1000V
w5a0UlWRN: 0.1V, 1V, 10V, 100V way 750V

AFTLd DC: 10mA, 100mA, 1A Llay 3A
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NIzhd AC: 1A ey 3A

JIAUEIUNIU: TOOW, 1KW, 10KW, 100kW, TMW, 10MWiLaz 100MW
-P2148: 370 3 Hz 849 300 kHz

NTINTTLLIAN

-n1vinlalen

A AD wazfInseamsaernlUsunsaniioiiuy seansnnues SATRIRIIEEN

YDNAING  NITAURUNISNNALAAIAASNT 8 FILUUIDIEANTIUNITEIUAINITIA: RATIO,
9%Min/Max, NULL, Limits laeifl Microsoft Office, Worduay Excel {Wuia509ile

glunisiaiudeyanasnsisonfumiinlaainnisidaumand Ine graphing utility

sxtslunisasiaunuiivesmsinaniieuivssesnaivesuiliiuagnsnsnas udyau
SUNIU

. wesluAla  (thermocouple) Uunsuadnees (transducer) se  (UD3
(sensor) Sngamgdl (temperature) vhaulagedendnmsudsuwtasauidnisininlugy
Poausssulnil  dlunsiuafuwesussavuendi (active transducer) @wsania
ussulwsilfoadelimsnBuuasguuglissminegeansge  laglisuudeansesiudae
uwnassewdssnaeuen Wugunsafitimwlwensidsuulasesguvniias anse
THauldlesnssluguvenniaaiiofn (instrument) wiansdsdyanamssnuesmelii
szuumuAY Jeusingmsaiddgfifodesiumesiuduia Ae Usingnisaitida (seebeck
effectmaslufuilaysznousoidumnlanzithisiaaeadusioddetu  (madeuse
intagdsnasorisanmsnouauss (response time) wasn138uA) UanadnemildlHiiu
ingamaiivtesessiodou (measuring junction W38 hot junction) @aeBndnanda
YlUsefufineivsensnsdug Weuanwma Fun sessaifu (cold junction) TWdmduidu
081934 (reference junction) figniifeamunuguugiliae Taodousnagaingungd
IesumnuSeuluneiisessafullonmgliaedl musnadndszminesessofounasossioidy
fiAntu ashliAamslvarenszualiiity snszualwiwdoussulawihifetuarunsn
YoruazUiulieglumevesgrmnild  Tasnmaidsuutamosrussdiuliiduoefuaie

vodlavegsiivesnesludlilauargumiinignin Anvauziasveanesluflauansisgy


Lib
Textbox


30

VATADATIY 1
(Measunng junction, T, )

lane A lnnis A
TN
Ty ) T

M

Toriz B ﬁ

gaaann s i ganigia i uldaioumeunia

110 Tnﬁv‘i‘il IN17 (Reference junction, Tp)
U 3.4 19sveunesluduila
Tusun 3.4 Jwsasiildeduienavesiuadatuds?i Thermocouple Jalddadu ey

LL@ﬂﬁiNizﬁdﬁ@Mﬁgﬁ 230

Mewal A Metal A

M\\ Mol B &

(N ns=nafulaasDa

Relerenen
anérala)
junction * Mcasurement

- *' - Metal A j“IK"in[l (‘.' r“)
e X I

P, : Metwal B

(W) IsvAdouUARNASDLININAISTR

JUN 3.5 wansmavesdiua (n) nszualuansile (1) usandouinnnAsenlesile

Y07 YUY K

- Juwuunfesldunsvatesnniige
- dwiumsingumgiivnedu 9 avialdain -1800c Hausyana 1,3500c
- awnsnlfialununiiujisesendleds visanzuuu@se(inert) lAnIuudy 9

- Al uEaNWIIUNE NSRS @A NNS Ul
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- Widasnsiasussaedeulwihsegamgifniwuuduenuduioudul)  wadl
euludadusnniigeluussamesludldaseniu
UBIRERENTTES

- Bimwnzdunsiandesdudaduu]isenimduareandladilasnss
- llsngdunundlovosdaines
- ldwnegdvanmeuiduaggnia enduasldlutianaidus)

- wdansideuld 30 U vinlidunaunaeideuly  unavinliinuandfives
usapdeulninlFeuly

3.1.4 TUswnsy LabVIEW

LabVIEW&8 11970 Laboratory Virtual Instrument Engineering Workbench
TUsunsuiiwauntulagld LABVIEW azi3eninvirtual Instrument wiaaviengoqinvi @4
mnedaeiosotaaiion Labview fqafudedulull 1983 leevnsu3sv  National
nstrument  IfEunsfuaiuiiosgmiimiazannalunmadsulusunsunieldlunudu
suuiedostiotn SudugaiiuvesummiuAnnsaing LabviEwsdannnisldinatiduet 3
Tul 1986 U3Ew I¥don LabVIEW Version 1 gamaifieldifunosfamasMacintosh wintu
wmsziiieIeaMacintosh  azliBudildegnsnirsvndunududmnssy  widednuuy
MIUARINALUUNTWNYDNUATES  Macintosh  yhilvmsngaufunsuszandldfuLabViEw
dufuszuuUfiRmsduilile cul dudilifienumnvaniiedldfuLabvieEwssduduiy
\A3psnBuRmasdILYARa(PC) 1 NI FeasseaunsdiassuuUfiiinig Windows ity
Hernou

T 1990 ma NI IeuszaumadusalunisthlabViEw version 2 sangaann laals
JunfuanBeussuumueslviiomn  lasawiznisidsuCompiler  vilwnainisvham
odlusunsumniity dadentumadeudenimsuiugu Wy C wasronidomalulad
suszuuUfUives PC fimnamfouiiagldauiucul mauEvislandn  LabVIEW for

Windows uag LabVIEW for SUN wWdnannlul19924vdsanntdu uienilavamunlusunsula

£%
=

wanvaufumeluladedy  mugUuuudfiinsfidiounvadiinu LABVIEW  dwmdu
Windows NT, Windows 95 51189n15@574 Version vl fiesnseuuiaznaideoulusunsyls
avanIntu  maesauannIaidonrefugUnalingg ity wessiiadeiletuisngg
welimnzausunsidnunniunenanidgaddusunsufiannsayhauuy
spuuUfoAnsBuiilildiBeuvussuudjoinsiulalassuan LABVIEW 3 1ul ag. 1993,
LABVIEW 4 118 a.e1. 1996uazangn LABVIEW 2010 Tull a.a. 2010 Fadulusunsuanan
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Qp:r;te Joois Help

i3 LabVIEW 4

Licanzad tor Professicnal Vemion

I Eile

New Latest from ni.com

{r Blank V1 LabVIEW News
% Empty Preject LabVIEW in Action
B 7 t
™! Vifrom Template.. Exarmple Programs
) More
Training Resources
Online Support
Open
Discussion Forums
k. Conditional Dizable Structure.vproj
Coile Shanng
|l ProjecwenZtvt KnowledgeBase
ml Projecusat v Request Suppart
B Projecuan? 2t Help
Getting Started with LabVIEW
l . List of All New Features
l m Halldw
= Hall5wvi < Find Examples...
=l VDP 4w &8 Find Instrument Drvers...
L3 Browae.. G,\ Find LabVIEW Add-ons...
——

g'uﬁ 3.6 wanansiinglusunsuLabVIEw 2011

TUsunsu LabVIEW ulusunsuitadaiiethunldlusumsiauasirsesiioTndmiu
numMeimnssy Labview  ulusunsuiiaaeiessietaaiiounseludiesufjifinismns
emnssudiiugausyasdvdnvasnisinuresivsunsudarenisdanisludunsiauas
\esdiainegeiiszavinnuasluinvedlusunsuazussnauludeflsddudildvaglunisin
inuneuazuiueuigelusunsudasivsslonisgwgadoldsusundosiotansimnssy
§199399 LabVIEW wansnaannlusunsuduegnaidiulédaiianife Labview difulusunsy
Uszeny GUI (Graphic User Interface) Imaamysmﬁﬁuﬁaﬁﬁmﬂuﬁaqﬁsm code M§9ﬁ15ﬂ°1®$]
viaukazidAgdnvnrnwildlulusunsuiisnazionindunsglamuiedonsnegng
110191 G (Graphical Language) Faazununmisi@oulusunsufuussinesaiiduinedy
AwugIUT C, BASIC w3 FORTRAN éhegunmudedydnuaiiomndaudiiludoy
o1vrduauogiaudifiaduinetunslilusunsududusazwudn Labview Sfaanwagenn
waraunsaanailuntsileulusunsuasivlsunnlasaniglunudsulusunsuneuiunes
iWaldousetugunsaidunieldlunisiauaznseumudmiugidesnisegliusslomigean
9nlusunsu LabVIEW Fegfiispanisaztifeyaainneusniaiosmesfiimesidruluaios
iievhmsmsiesiesideyaussinaruanwanaglunanonsaldluszuumunusaluifse
poufamesdoldiudeugeanues LabViEw Asmswengnavilfiasesnsuiaimesvonsile
590U LabVIEW uavgunsalifensaiiienisiiudoya (Data Acquisition Card) ud1ansnsn
Wasuaesmeufinmes duyanavausiliinanaifunsediotlunaissunuuliinesdy
Oscilloscope, Multi-meter, Function Generator, Strain meter Thermometer 39

w3nsiaTndugauilisidesnsvilvaiunsaldreuiumeslunisyinnsiauaziasodiotala
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26719N 1199719 Fagailieeluniuvesdoinsesdiofaaiiouass (Virtual Instrument) wazte
laSeuwiionsldaunsalasanauufe Virtual Instrument anunsausuilfoulivanzay
fumisldeuveldusasngulataenisideu vi ilulususesnsiusesdiligaennin

Fauvsznaus9lul abVIEW

TUsunsuiifeutumlos LabVIEW 1519:38n91 Virtual Instrument (V1) ns1z
Fnwaziiusngmaenmilefldldnuasviioutuaisdoniogunsainadimnsailu
ﬂmuﬁmﬁuwﬁamﬂmaaqﬂmaﬁmiauﬁqméwﬁu’u%Lﬁuﬂwsﬁwmumaaﬁaﬁ%’u, Subroutines
warlusunsuvdnwilousunmeiludmsu Vi nilsgezusenausediulsenau 2 dundne

=

R
1. Front PanelvSevthimsiauidudrunlddonnuiusyvninadldiulysunsy

(enfleuisen  User Interface) leagviluszlidnuwazwillouduniniivdvenasedionse
gunsaildausumsiavhqlulaemlussusenoumeaindUale, Jude, Junadeuandua

VisouduAr Ny lTamsaiivua

. o
Famction D€ Voltage) o

g“d‘*?l' 3.7 f9874 Front Panel ¥84LabVIEW
Object #iogjun Front Panel awilogatuuszinnie

1) Control AgUszinAisuAnngld (nput) Bagldansofuimasluvieldundadniie

WasukUasmlsauduvyuliidoudinddunuy

2) Indicators AaUsznnlduaniasinagwinuu (Output) glalianseudlale
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WUNTIWIWas LED
3) Decorations tu Object Mliinedoatulusunsuiazcode Ul Block Diagram Lag
wad LN AeAuasulusedouves Front panel M1tutuLes

2. Block Diagram ieliAnauiiladeiusienaues Block Diagram widuwaiiouy
Source Code v3alUsuNTuYes LabVIEW Ssusingiteglusuvesntw G da Block Diagram'
faeidlu Executable Program  fAeanunsafivgvhauldvuiivazdensnusensuilsiae
LabVIEW  agiimsasiaadsuanuiianainvedlusunsunaonnatvinvilusunsuavyinaulan
rﬂ'aLﬁ@lﬁﬁ“ﬁaﬁmwaﬁﬂiuiﬂsl,t,ﬂsuwhﬁ"’uiméﬂ%’awmsaﬁ%aswaxLﬁamﬁuaqmmamwammm
Thduldmaeanavhldnmsifoulusunsuiudetiuunn dwdsenouniely Block Diagram 4
agUsynauseilsidueasilusunsumue msvhnuvdelassadrennduluusazay
waniisarUsngluguues Block 1519yldiunssaans (Wire) d1msu Block fivmnzaudn
dhefudorimundnuusnsivavestoyaseminte  Block  wanduvilideyaldsunis

Usziianamudisieansuaruaninasanuiliungldsely

TS Unitled = Bice
gl

wi File fdt  Yew Project Qperate Jook
|

Windew  Help
> M was 15pt Application Font v || S

8l
v
[

E‘U‘ﬁ' 3.8 779819 Block Diagram
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3.1.5 TUsuNIUSPSS (Statistics Package for the Social Sciences)

Visitte O of O Vatatins

16U SPSS Stakshcs Frocesnst (s 18400 Unicode ON

sU# 3.9 Tusunsu SPSS

nsiesevidoyadas  TUSUNSUSPSS  (Statistics Package for the Social

Sciences)
Usznaulume

dauil 1 nsnsendeyalaunisimun Variable view (lunfifmualiluges Name o
duUsEansdiue) wagnisnsenteyaluData View

Fils §mt View Data  Transform Analyu DirectMarketing  Graphs  Ulilities  Add-ons  Wincow  Help

“HE W > Bl B B RS ] S0% e

J Nams Type Width  Decimals Label Values Missing Columns Align Measure

1 " Seebeck WEHC a 2 None None 3 = Right & Scale

»
M' Vi, Variable View |

1EM

gﬂﬂl 3.10 N1sMUUA Variable view
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Fle  Eet view Dats  Tonsform Aneiae  DiecMaiesbg  Graphs  Uliles  Mesans  Mincow  Help

SHOH e « Bhdl A SUBLT de%

I Seebeck - it o 2 - - [T, - ™~ o
438 00
435 00
4473 00
447 00
467 00
47100
45500
452 00
44100
47300
47200
47500
486 00
466 00
470 00
468 00
45300
447 00
47300
43600
468 00
466 00

NENBIZZSarsRdpddvevdens bna

sUfl 3.11 msnsendeyalu Data View

dauil 2 Myl Tendeya Ineld3s One - samples T Testuazldmduussavsdiun
fosnmavnaau Tutes Test Value

File  Edt Yiew Data Transform Analze  DirectMarkeling  Graphs  Utiilies  Adu-ons  Window  Help

= £ Regarts ’ E j E == A
=4 NS @ = J Descriptive Stalistics v h el »‘% BT _ A a4
Taples >

___I Seebeck W Compare Means ' means.. v

; “3: gg General Lingar Modsl v | (s

1 4;3 00 ﬁ:{:zmwg:::"w Jeey : [ Indapendent-Samples T Test .

4 24700 C;Wm . Palred-Samples T Test |

5 A4E7.00 ﬁegressiun N A one-way ANOVA

& s Laglinear »

: :22 gg Meural Neworks ’

Classily »

. b ULimension Reauchion L

10 47300 =

11 47200 Scale ¥

12 475 00 Monparametric Tests »

13 485 00 Forecasting 0

4 468 00 Sundval »

15 47000 Multiple Response »

16 45800 [EJ Hissing Value Analysis

17 453 00 Hultiple Imputation ¢

18 447 00 Complex Samples »

18 47300 B simulation

?ﬁ 436 00 Guality Contral *

21 HEn0e B Roc curve..

22 466.00

23 453 00
m

Ui 3.12 msidenldénds One - samples T Test
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Seebeck - i iy y oy L e a wt
1 438 00
2 435 00
3 44300
4 447 00
5 467 00
3 47100
7 455 00
8 462 00
9 44100
10 473 00
1 472 00
12 47500
13 466 00
14 468 00
15 470 00
16 488 00
i7 45300
18 447 00
18 473 00
20 438 00
21 468 00
22 466 00
23 453 00

UM 3.13 nsldenduuszavsgiuansesnisvaaey

dau¥ 3 nnswlana

(Bl Eoil iew
- - ] =
( - ' A =
PAEEx 2 W e w &
&+ & ouput cED
8 .I;Tisl FILE='C:\Users\User\Deaktop\Froject \1100-463 . 9av"' .
e Te DATASET NAME DetaSetl WINDOWSFRONT.
2 Notes T-TEST
[ Active Dataset [TESTVAL=463
4@ One-Sample Stat IMISSTRG=RANALYSIS
@) One-Sanle Tesl /VARIABLES=Sesbeck

/CRITERIA=CI{.85).

* T-Test

[DaraSetl] C:\Users\User\Deasktep\Project\1100-463.sav

One-Sanpie Statistics

Std Error
{10 tean St Daviation Maan
Seaheck 30N, 4601600 1240787 226536

\ One-Sampie Test

TastValue = 463

45% Conidence Interval of the
Maan Oifferance
1 af Sig (2-taady Difference Lowst | Uppar
Seabeck | -1.230 29 21 -2.90000 7.5332 | 17332

JUN 3.14 fpgansulana
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3.2, YUNBUNISNAFIULAIBIINAIFNUSLENSTLUA

$d &

S sInduUseansain

rouarduiimsiaasfeansieddliZeuiesuuiounouas wdvinismuliu
fdeuiu-aslimouimesunandudaadniuiuay wﬁaa’mﬁ?ﬁaLéuéwani:LLaIWchiwu
cower  supply  Mkfuasataneuns UsulRlEAnszuatmunzay (udidse 2.5 A)
ud3addlilusunanhnuiionmuanigumgl SeengeanildaaliTogalusunsy uwas
wyan1ssenszualilffudafousugunganasunisgunaiives  (asaluusy
wisafuemaliii 25 ewnwaldsanhninfuteya 30 afase 1 seg1a Taewfuaian
Wavua 2 froe1a laun CuGa0, WAy CuGaggFeneOs MMUANAULGITININAROUAIAILID
n9adia Faffe nannisaundgiu anldlunisaguéneds annsieaduussanidiuaves
fhegrniaiesiiediaistues oiununadeyalilaldsuunnne antusiunme
\Beadifvosriildanmmeasuludnunzvesnsuanuasteya uasiriildunTouiisuin
finrudululdmuandildaniaies ZEM-3 vidoll

Computer CUpper
—
Sample
Keithley 2100 DMM
Insulator

DAQ NI9211
Kk\ Foy DC Power Supply
: ¥ Hot
i
Cold

JUT 3.15 unuisvessyuumsinadulseinsdiua
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U
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3.3 gunsalniltlunnsdansnzy CuGao,

Tuunindunsiaueiangunsaluazduneulumsmiivanuisemsdaasizi
d19Usenau CuGay, Fe,0, (x = 0.00, 0.02, 0.04, 0.06)

3.3.1 gunsain1saiiuenuide

|kl - —

|

(]) (5)
(4)
2) )

gﬂﬁ 3,17 WK% Thermolyne Suwian’ne 13 e, 11 17 . wAzgs 10 9.
flgnumgiiasanit 1200°C
(1) @niUn/Un
(2) YuUuangaumail
(3) Yuusuriiugamydl
@) wansgumgiifisenislinu

(5) LARIYUUNHIILAILEN

40


Lib
Textbox


v
%

PO IUANNUAU DNIVUA 3500 A1

JUN 3.18 ip3eedalalasdn

g'd‘ﬁ 3.19 Aluminamortar

a1

MANANAN

UNUTe9 luadIMsuen




2
) 3)

ey

JUT 3.20 wnTesdavation 4 duwvis 8% Sartorius Ju AZ Series
. a o @
(1) Yunardaasnavy
(2) Ywsinemauzlunsdimiaslivansandu 0.0000 n¥u

(3) Ywindwidnavenldniegng

)

U7 3.21 gunInidaums

(1) TUu1AAUNTN 2.00%1. AILALT 0.5093. LagAIINET 2.60%4.
(2) A un11 2.0098. ANRUT 0.50%4. KaEAINEI 2.00%.

(3) Huunaund1e 4.50 . AU8135.00 . LLﬁZﬂ’J’]QJQ\’B.OO Y.
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U7 3.22 gunsaidaudin

(1) fvwadurugudnans 1.23 9u.313ge 7.709u.
(2) Tvwnawdusugudnana 1.23 o, auEs 0.60 W,

(3) fvumdunuaugnans 5.80 Ty, AINEY 6.00 Y.

- R

JU13.22 gunsalsnen Nlddmsuwsonau
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U 3.23 anseasu

(1) w9 Fezoﬁ’;’mw%qwé 99.99 % 270 Sigma-Aldrich
(2) ma CuOAIMUIANT 99.99 % 210 Sigma-Aldrich
(3) B9 Gazogm’mw‘%qwé 99.99 %17n Sigma-Aldrich

LaEN1SANUINUIINUESFIR LYl ARN1 SRS s s taenauLTulaTIas 19
HDIN1TLAAINEUNITN (3.1)

2CU0 + (1-x)GayO5 + (X)Fe,03—> 2CuGayFewO, (3.1)
3.3.2%UWQUﬁW§L@%‘EJ§JaWi

1. wauny Cu,0 |, Ga,Osuay Fe@ﬁﬁmmw%qwégq Tleonsndiy CuGa, Fe,0, (x =
0.00, 0.02, 0.04, 0.06)

2. nttnluasmeiaduian 2 Halus wdinlusadunyvialazidn
3. ihdunuildlunfigamall 1050 °C Wunan 12 alus luusseniauiasisneu
4. YNNTTUIUNTHA 12 91 3 Asauwatn U snerandfigdaseasne audiigienusou

warauUALdelvwin
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UN9 4
NANISIVYLAZNISILASIEUNE

4.1 19629879 CuGa,,Fe, O,

JUN 4.1 a15610819 CuGay ,Fe,0, Nlalunismaaes

ﬁmﬂgﬂﬁ 4. 1.8uzUaesansiegny CuGa;.Fe0, Fldlun1snaass Ine3slunis
WATNENT A WANNY Cu,0 AILUSANE 99.99 %W Ga,05 ANUUIENS 99.99 % uazns
Fe,0, mmu%qwé 99.99 % lHleansidIu CuGa,,Fe O, tilluadiefiadunar 2 49lus
U uuyiaifuTivtde 4.90 mm x 3.20 mm warAIwE 19.60 mm NTA
thiunuildldmnfigumgd 1050 cafunan 12 dalus luussenievesandneu fans
&’aasimt,amé’aguﬁ 4.1

4.2 E‘ULL‘U‘Uﬂ’liLgﬁl'JLUH‘UEN%'QaLSﬂGﬁ?JEN CuGa,,Fe0, (0=x<0.06)

gﬂﬁ 4.2 LLHN’E‘ULLUUﬂWiLgﬂaLUU%aﬂ§Q§L’Sﬂ“g‘UEN CuGa,Fe0, (0<x<0.6) AT
gauuil 1323 1Ay Wigufiugiudeya JCPDS No.77-2495 aingunuiilasaasnaanveans
Fredmseiulassadreiameled  CuGao, uwarlinulassadreduisienaiiosaindasiin
YDINTILATIZY I8 XRD mﬂguﬁ 4.3 WUdWLﬁaﬁémmmsﬁa%aa Fe q@%u U (012) 9%
Aoulumayuidenuuiianas Smadsnantlmiuindviing re dilvunuiiosrouves Ga
Juhlugnmswasuulamesinsiingn Taesaillosedinues Fe” uay Ga~ wiriu 0.65 &

and 0.62 A snuaiau [ ]


http:O$x$O.06
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Intensity (a.u)

(012)
x =0.06
(1100 (116) (024
(018)
015 ) (1Y @o2)
x =0.04
x =0.02
x =0.00
CuGaO,
L | 1 1 l | 1 | ‘ |‘ | JJ l‘ ”. ' ‘
10 20 30 40 50 60 70 80

20

JUT 4.2 sUkuuMadeniunresssdidndues CuGa, Fe,0, (0<x<0.06)

~
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x=0.00
x=0.02
§ x=0.04

Intensity (AU)

gﬂ a3 LUi&JUmwmmamwwmsuuw (012) 999 CuGayFe,0, (0<x<0.06)

4.3 TN SEM w89 CuGaO, (0.00 < x < 0.06)

3U°17'i 4.4 WanIN W SEM 189 CuGaOz (0.00 < x < 0.06) mmm‘v‘wud’] CuGa0, a%dl
mmmﬂiumaﬂmma wimmwswmnLmamwﬂwumwwa Fe Tneniiordo Fe Tu
J3uad x = 0. 02 ay x= 0.04 wmwumuummwmuuumnwuamimw 2(b) wag 2(c)
AudIsU usLdle x = 0.06 ﬂauwmwmmwmu.uuamaaLLamamLngwa;umeﬂﬂmuﬁmam
Tuguit 20) FetfuamnsaSesdrduanumnuiuresdunuaninnludesld fail de x =
0.02, 0.04, 0.06 waz 0O NNAFINANT AT UIINSHYL Fe TuuSunuilvunsauazaie
UFulsalaseaasnawes CuGao,
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SUT 4.4 nmene SEM 483 CuGa0, (a) x = 0, (b) x=0.02, (c) x=0.04 and (d) x=0.06

4.4 dulssAniawanazaniwinwinduilefduvesgungi

gﬂﬁ 4.5 (a) wag (b) LLamaﬁﬁﬁmUizﬁwé%LUﬂLLazamwﬁﬂw%Lﬁuﬁqﬁsﬁl’waaqmmﬁ
993 CuGa0, (0.00 < x < 006) Tusnddeiadulssdvsmiuedanfuuintaveniniuamy
Huansiesthadan mﬁmixﬁw%‘%wﬂa@mLﬁaqmwgﬁqqﬁu Fanasanaaonndosiums
ANUINUDY P. Poopanya WagAg [5] uaﬂmﬂﬁﬁwé‘{mUixﬁwé%LUﬂﬁqmwQﬁﬁaamaa CuGa0,
fianUszana 700 uv/K Felndiesiunuideess RB Gall uazemz [6] agdlsiniue
Fulsravstiunvesasiieteliide Fe axfldndauninansiieeeiilyuliIedenadunann
Mnnmadasuntadassaidlussiuganiavosansiegng

U7 4.5 (b) uansanmilaihees CuGa0, (0.00 < x < 0.06) angUNUIIEN ML
IfRsdudogumaiiety  Uwenhassedslauaudfedeasieiid  aanmi
wi#ihfl 300 K ifle x=0.00, 0.02, 0.04 uay 0.06 @e 0.19, 0.52, 0.24 uay 0.17 S/cm
AdIU Fonmgiiomuin e x= 0.02 asanmiihganin x=0.00 Fou 3 wh daniw
thinihit 773 K 1ile x=0.00, 0.02, 0.04 waz 0.06 Ao 1.78, 3.35, 2.67 UA 2.53 S/cm
ALY
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Seebeck coefficient (V/K)

Electrical conductivity (S/m)

6.8x10™ -
6.4x10"
6.0x10™ -
5.6x10™ -
Tm x=0
@
5.2x10™ - ¥ x=0.06
o > ¥ x=0.04
4.8x10" * e
T L T x T T T ¥ T
300 400 500 600 700 800
Temperature (K)
360 -
1 (b) e Xx=0.02
320 -
kel
280 - x=0.04
A
] @ " -
240 - x=0.06
200 &
A
4 v = x=0.00
160 - T
120 -
80 ,
- .
40 -
1 ¢
0 J T y T v T T T > T ¥
300 400 500 600 700 800

Temperature (K)

U9 4.5 (a) Aduyszanafiuauae (b) anwilniuduilaiduresgamgil vee CuGao,

(0.00 < x < 0.06)
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4.5 Anwwaasunnmesilunaftuvaamngll
ANMWLIBTUNALADS (PF) Qnﬁwmmmnaumi

PF = &’c
Togyl Ol AD ANEUUSLEANSTLUA
o As anwinlkndn

U 4.6 uansrIneUNNABIYBY CUGA0,(0.00 < x < 0.06) ANFUWUIIANWILIBTUIN
wasunamsiedeiide Fe asginiiansmetuilliliide Fe Wasnmaiuturesanw
thlwihwesansiiognsiiie Fe Auwnesunnmesgefigavindu 9.5x10° W/m K’ figaumgd
773 K ¥29a15¢10813 x=0.02

1.0x10™ -

n o x=0.02
9.0x10™ y

8.0x10” 4 x=0.04

7.0x10° -

' ; ' , v x=0.06
6.0x10° - . a P

5.0x10° -

4 o ¥ 2 B . =0
4.0x10” J ; " et

Power factor (W/m.KZ)

3.0x10° -

2.0x10” -

1.0x10°

T T T

T L | ¥ I T T T
300 400 500 600 700 800

Temperature (K)

JU7 4.6 Anmnesunnnesituiaiduresgumnll vee CuGa0,(0.00 < x < 0.06)
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Funcvon (0 0C '.—o!u:xv
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- EEE i) —E§ E }
Eﬁ\@ - G S, S e
i D% * =0
Femei—— ™ T =
ﬁﬂ—.ﬂ_(}i I3 f 3 v L Deita T " e
T G t > :
ek Tem & i | uc !
! 0 Ly
i -
; L
JUR 4.7 nsilisulusunsy LABVIEW mauRun1sinaausadnduasgumnil
Usznaulume

] o v & P I3 @ 3 v s
AAUNT  NITATILATAIVIAITIUWDLNUAIAILUTIIUIU 4 ADANUAD Temp H |

Temp C, Delta Temp Wag Volt

Save file as

I" replace or create ¥

' v
v

JUN 4.8 MIasIauasRson1sng

49U 2 nsYanazauAIAUaeFng (Volt)

Function (0: DC Voltage)
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dwii3 nisiauazeruagumngiidnueu (Temp H) wagdnudu (Temp C) win
waRINAaULNTNUBAlUTWNSY

» »
DAQ Assistant? |f
da’;a 7 ’

JUT 4.10 N157A0az8 AN ILE AANAUUNTIN

dauiia mathergaugiiduieuauargaumgisnugu (Delta Temp)

D s e e S

TH W
sl Delta T
TC ) ||
e
fi23] |

LI e

ey

JUT 4.1 msthamgamgiisnuseuaudrgamaiidnuguDelta Temp)

daufis msthdausdnduazaamiininlauaniuunisavediusunsy

15 S a—
Build Table g

»  Signals ‘ E
Table A
—

JUT 4.12 M5iha1ausnefnguazgamaiuaniuun i
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d97UN6 msé’qiﬂsLmﬁmlﬁv‘mwmﬁugﬂ 1aELA5095898YI1N150 1UBATTAA

2819M 04104

Fungtion (0: DC Vahage]
[%’
S

Save file a1 VISA psscurte name
= : =zq LM
. e ¢ e — Esscoeuy 1
Em— i
Temp Cil ———&
Bi] Wolt
BT - ]

W
- | S =
vt | aQAem |}
L data " ‘
1

‘@@

JUT 4.13 msdalusunsulyivinwdugy

daun7 msdaaailunseruuagindn loganunsafivualillsunsuvigarinanude

waneuldmnle

'

Elapsed Time

Time has Elapse

Elapsed Time (s)»

Present (3 4

JUR 4.14 msasnanluniseuuazinen

daungmsirteyaiinuaverualaiauaduninliluguuuy Text file Helusunsy

PNNNSUUNNAD Microsoft office excel

U

7

[26.2f %s %.2f %s %.2f %s %6 s |t |

i

0% O

) N

i DEL

El=Is

IEL
b

DEL]
Ela
—1D&tL
' abc

4.15 nsudeyaninuareuelauiinliluguwuu Text file

-f
0 ma
J.

(=]
—

1 g
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' a | = V] ; @ v et v
#AUN 9 NTUUIILIAN MS@ﬂWSUSUﬂWﬁ’]’]MﬁIMﬁWE’J@LLﬁtUUV]ﬂ‘UE]i,I”a (ms)

1000 |+

JUN 4.16 MsuFumenudlunisiauasdunintoya

4.7 35n15lElUsHNIu wazn1sauAIdIegUaelusunIuLabVIEWRTldAduAs
JTUY

drun1suanug (Blog Diagram)uadlusunsu LABVIEW d@wmsunisinmndudsy@nsd
LUALARIGIgUT 4.17 Usenaume 6 dmaninsnasuiglenadl

Save file 1
il L —
VISA renserce nemwe

! Z
Functian (B DL Vellage!

’ N Do T Voit

ERUN 3 thas § Xosece 4
v T [ Vert

gﬁﬁ 4.17 TUsunsy LABVIEW dmsunmsinendulssansaiua
@it 1 shumisfulnddoyananisveass
dudl 2 Msdennesadouss USB
g 3 @envdianszuaiisdesnisia (ulpssnufitrst 14lnnszuanss (DO)

@l 4 mtagiuvesgumgiisnuiou (T,), gumgidnudu (Te),Mauunnaemmngd
(AT ) wagmausadnglud (V)

di 5 AngulavieuuaresguvniauTeu (T, gumaiiaudu (To),A1AHLANGNS
gaumnil (AT ) uagAmusnadnd i (V)

@i 6 namivesgungisuiou (Ty), gaumgisnwdu (T Aunaninldlumeiu
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N5 IUSILNSY LabVIEW

1. 0aA30sDMMAsUABTamLs1sdndidifu DMM sudaliignaes daguil .18
uaziiousis DMM  rfuaeufiameslasld Uss  andudonnisiieusadeyail visa
resource  namel@on USBO0:0x05E6::0x2100::1420944:INSTRU&E Function \A0n
DC Voltage

U1 4.18 nsideuanginnnusedndidniu DMM

2. \ian Save file astufindayavinnisia mindesnistuiinteyaadlu Microsoft
excel TiuinTo file ause xls

3. searawesludula vila K ineldingamgivisainaudeaunazdududniu

DAQ NI 92116957 4.4 waziiousio DAQ NI 9211 hiuneuiiumesiagly UsB uieldify
Toyaluiriosreuines

JUN 4.19 madeuanginnimueedndidniu DMM
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4. 319815078819 CuGaO, MI51ABIN1TTAAIEUUSTLANDTLUAGIUUNBUNDILAY
waznyuuSusndeulvivinaundudaluvainiuiuau

5. drenszualwihldifuveataneanddaeUSUl¥DC Power Supply 918053 LaT
2.5 A Ua239na 3 (Run) &lslusunsuvham

6. WWsunsuazsuvinsinandudseansdiuaiiamnuunndagamgilT Derngegad
LagialiAauseunn 10 Janm (@] Abort Execution) davgalusunsu uavUsunseuaan DC
Power Supplybiidu 0 1Wumsmganisdrenssualnibiiuueainvesuns

VANIANDILLA

A158188139CuAl Fe, 0,

K Type Thermocouple

JUT 4.20 n1sinAnduuseAnSHuauUaTRI8E19CUAl ey O,

WWalusunsy LABVIEW vgan1sina1uad (Ingeranangaasialusunsuvinauasy
muaiiiivue) adiialavavaezgniuiintulndveslusunsy Microsoft Office Excel
weonlinewinisia Wislatuinazuansdeenunlunsuiegud 4.21
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Hame tnsert Page Layout  Formules Clota Review  View AddInt
\ % Tahoma -l AN | | R i Wrap Text General
' <) Copy
Paste ;me‘“ painter || [IBEntlie] | S L-A EES E®E -dMegebceanta - #. 9
Llipboms g font - Algnment . Liumbiy
Q148 il * A
A B C D E F G H I
L TempH TempC Delta Ten Vol
2 27.67 25.65 2.02 0.000791
3 27.7 25.64 2.06 0.000871
q 27.76 25.66 2.1 0.000868
5 27.81 25.65 2.16 0.000889
6 27.88 25.65 2.23 0.000919
2 27.92 25.65 2,28 0.000944
8 27.98 25.64 2.34 0.000948
9 28.04 25.63 2.41 0.000987
10 28.08 25.64 2.44  0.00101
11 28.15 25.66 2.49 0.001037
12 28.23 25.66 2.57 0.00107
i3 28.3 25.66 2.64 0.001099
14 28.3 25.67 2.63 0.001123
15 28.36 25.65 2.71 0.001158
16 28.44 25.65 2.8 0.00118
17 28.5 25.65 2.85 0.001213

JUN 4.21 msauansriauaiialatulusunsy Microsoft Office Excel

1aei
s s @ = 1 a v v
ABALU A UUNNAUNHUAIUTOU ( Ty )

v ¢ L3 | o v I
ADALU B UUVINANUULAULEY ( Tc )

a

Aoawy C YuvinAnauuansinsgaugdl (L)

AV

ApGUY D vusinAmussdngluiin (v )
4.8 NAYDINITANYINIAINTLERAZAIAINUATNIURUIZFUFINSUNISNARDA

Tulassruiiavilisldvihmsmaassienszudlui-lftuanaavosunsiiiuag sou s
Jaeuiseuaaiunm 10 wit Tnglddmuslfimsaensaudlafindaus 2.0-3.5 A ifiew
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Abstract. In this study, we investigated a CuAlpgoFey O, compound prepared at two different
sintering temperatures in order to find out the effects of sintering temperature on the compound's
figure of merit of thermoelectric properties. The thermoelectric CuAlgoFeq 10, compounds were
prepared from high purity grade CuO, Al,O3 and Fe,O; powders. The mixture of these powders
were ground and then pressed with uniaxial pressure into pellets. The pellets obtained were sintered
in the air at 1423K and 1473K. X-ray diffraction (XRD) patterns showed a single phase of

CuAlgoFeq 0, with rhombohedral structure, R3m , along with a trace of CuO second phase.
Moreover, the XRD peaks of the sample sintered at 1423K indicated that more Fe'* atoms replaced
AT’ atoms in this sample than they did in the sample sintered at 1473K. The average grain size of
the CuAlyoFeq 0, compound prepared increased with increasing sintering temperature, whereas its
mean pore size and porosity decreased with increasing sintering temperature. The dispersed small
pores markedly decreased the thermal conductivity of the compound, while the Fe** substitution of
A’ increased its electrical conductivity. The highest figure of merit (Z7) found was 0.021 at 973K
in the CuAlpgFep 0, sample sintered at 1423K. Our findings show that this low-cost material with
a reasonable figure of merit is a good candidate for thermoelectric applications at high-temperature.

Introduction

The term thermoelectric material refers to a material that exhibits substantial thermoelectric
effect, which is a voltage difference caused by a difference in temperature and vice versa. This
effect occurs to a varying degree in different thermoelectric materials. Thermoelectric performance
of a material is commonly evaluated by a parameter called dimensionless figure of merit (Z7). ZT
is determined by equation (1) below:

oo

K

ZT =

r, (1)

where T is absolute temperature, « is thermoelectric power, o is electrical conductivity and K is
thermal conductivity. There are several materials with high ZT, but an interesting one, CuAlO,, has
the advantages over other existing materials: it is low cost and non-toxic and has a high oxidation
resistance and operating temperature, up to 1400K [1, 2]. Delafossite CuAlO; has a rhombohedral
crystal structure with lattice constants a=2.85670 A and c¢=16.9430A [3]. Its electrical conductivity
is of p-type semiconductor due to native defects in its crystal structure [4]. Our review of literature
on this subject tumed up several papers that are directly related to our study. They are the
following. Park et al. studied the effects of sintering temperature on thermoelectric properties of
CuAlO; [2]. They found that the porosity of their samples sintered at 1423K and 1473K were
26.6% and 25.1%, respectively. The highest val ue of the gower factor of the CuAlO; sample
obtained by sintering at 1473K was 6.62x10° W/(m.K ). In order to improve CuAlO,’s
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thermoelectric property, groups of investigators have doped it with dopants such as Ca and Fe. In a
study by Park et al.,, CuAlO, was doped with Ca to obtain CuAl, 4Ca,O, (0 < x < 0.2) [5]. They
found that substitution of Al with Ca in a proportion of about x=0.1 increased both the electrical
conductivity and thermoelectric power of the compound. The highest power factor of the
CuAlpoCag 0, samples was 7.82x107 W/(m.Kz). In another study, Park ez al. also reported that
electrical conductivity increased with addition of Fe dopant, up to x=0.1 of CuAl,Fe;O, (0 <x <
0.2) [6]. The highest power factor of the CuAlyoFeo 0, samples sintered at 1140K was 1.1x10™
W/(m.Kz). The highest power factor reported was 12x107™"2 W/(m.Kz) for CuAlpg9NiggO,. The
findings from all of those studies indicate that we can improve the thermoelectric property of
CuAlO, by adding suitable dopants to it and sintering it at a proper temperature. Substitution of
10% of Al with Fe in CuAlO, yielded a compound with the maximum power factor of 1.1x10™
Wm'K?[6]. However, none of the above studies investigated the thermal conductivity of the doped
CuAlO; compounds, a key parameter that determines the compounds’ Z7 and thermoelectric
efficiency. In this respect, Mikio Ito et al. studied the thermoelectric performance of n-type and p-
type B-FeSi, compounds added with Cu and prepared by pressureless sintering [7]. They observed
many small pores dispersed in their samples. These pores effectively reduced the compounds’
thermal conductivity and increased their thermoelectric efficiency. It was also found that porosity of
CuAlO; depended on sintering temperature [2]. The specific purposes of this work were to study the
effects of the sintering temperature on the thermoelectric power, electrical conductivity and thermal
conductivity of CuAlgoFeq 0, prepared by solid state reaction and to determine the compound’s
ZT, calculated as a function of the operating temperature. Two sintering temperatures; 1423K and
1473K were used in this study because we choose from the literature reviews of this compound.

Experimental

High purity grade Cu,0(99.99%), Al,03(99.9%) and Fe,05(99.9%) powders were mixed
together and then pressed into pellets. The pellets obtained were sintered in the air at 1423K and
1473K for 8 hours. After that, they were ground, pressed, and sintered again for three times in order
to obtain homogeneous samples. The crystalline structure of the as-sintered samples was
investigated by x-ray diffraction (XRD, Bruker AXS:D8 Discover) and scanning electron
microscopy (SEM, Carl Zeiss EVO MA10). The porosity of the samples was measured by mercuary
intrusion porosimetry. Thermoelectric power and electrical conductivity of the samples were
simultaneously measured at room temperature and up to 973K by dc four-terminal method (ZEM-
3,Ulvac, Inc.). A sample’s thermal conductivity was determined from its thermal diffusivity and
specific heat measured by laser flash thermal constant analyzer.

Results and discussion

Figurel(a) shows the XRD patterns of CuAlgoFeo 0, sintered at 1423K and 1473K. The
patterns matched well with that of CuAlO, in JCPDS No. 75-1988. Both samples consisted of Fe-
doped CuAlO; with trace amount of CuO. Fe,O3 and CuAl,0O;4 structures were not observed in the
XRD patterns; this might be due to the amount of Fe;O3 and CuAl,O4 being smaller than the
detection limit of the XRD machine. In addition, the CuAlyoFey 0, sample sintered at 1473 K
exhibited a higher crystal quality than the other sample sintered at 1423K. Regarding the effect of
sintering temperature on the Fe substitution of Al atoms, the (012) and (101) peaks of the sample
sintered at 1423K were found to shift toward lower angles compared to the one sintered at 1473 K,
as shown in Fig.1(b), indicating that more Fe’* substituted Al’" in the sample. The ionic crystal radii
of Fe’™ and Al’* are 0.65 A and 0.53 A, respectively [8]. Note that, the peaks of CuO were used as
reference peaks for indicating the shift peak.


http:CU20(99.99
http:lO-W/(m.K2

Key Engineering Materials Vol. 659 187

T‘ﬂ\ 5000 ~ TS= 1423 Kg 1(6) « CuO
c  s0004 T
=1
§ 3000 5t _“ & 5000 4 1(b)
Py 2000 =4 : o = = % ﬂ
g T" | = o - 2 s 'a E —~ S — | \
g 1oy [ (I && 7T /8 258 40004 - -T,=1423K i
— 0 _/I —~" : &_._,\l_A__J : -r\.._l__/\.y\__l - 4 T; = 1473 K \“ 'I
oo = 3000 — |
= Tg = 1473K 8 i
5 £ 2000+ P j |
Q ™ | v‘
S 30001 f N\ { |
o ,',1' \\. J 1\
= 2000- \ 1000 4 J '\ / W\
I 1000 | I g - P e N\
= 0 L O Y SN S | S WY 0 TR e
T T T T T E 4 1 T T T T 1
20 k') 40 50 60 7 80 355 360 365 370 375 380 385
26 (degrees) 20 (degree)

Figure 1. (a) XRD patterns of the CuAlgoFey O, samples, 1(b): Comparison of XRD (012) and
(101) peaks of the CuAlggoFeq 0, samples sintered at 1423K (dash line) and 1473K (solid line).

Figure 2. SEM images of the CuAljoFeo 0, samples sintered at 1423 K (left) and 1473 K (right).

Figure 2 shows the SEM images of the CuAlgoFeo 0, samples sintered at 1423K and
1473K. It was found that, as the sintering temperature increased, the grain size of the samples also
increased from 2.0 to 5.0 pm, and their porosity decreased. From mercury intrusion porosimetry
measurements, the pore size and porosity of the sample sintered at 1423K were 0.16 pm and 9.53%,
respectively, while those of the sample sintered at 1473K were 0.02 um and 2.14%, respectively,
showing that sintering temperature strongly affected the degree of porosity. The pores were mostly
located at grain boundaries. Figure 3(a) and 3(b) show the temperature dependence of the
thermoelectric power and electrical conductivity, respectively. In this work, the thermoelectric
power was found to be positive for all samples, meaning that hole-like carriers dominated the
electron transport. The thermoelectric power decreased with increasing temperature up to S00K but
then increased at higher temperature. This result agreed with that in the study of Park ef al. [6]. The
thermoelectric power of the sample sintered at 1473K was significantly higher than that of the
sample sintered at 1423K. Figure 3(b) shows that the electrical conductivities of all samples
increased rapidly with increasing temperature, indicating a semiconductor behavior. In general, for
a given compound, electrical conductivity increases with increasing grain size and decreasing
porosity. However, the electrical conductivity of the sample sintered at 1423K was higher than that
of the sample sintered at 1473K. This could be explained as an effect of more Fe’" substitution of
Al’" in the former because the electrical conductivity of CuFeO, (2.0-10.0 S/cm) [9] is higher than

that of CuAlO; (0.7-1.5 S/cm) [2], and the thermoelectric power of CuFeO, (250-290 uV/K ) [9] is
lower than that of CuAlO; (500-525 uV/K) [2].
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Figure 3. Temperature dependence of (a) the thermoelectric power and (b) the electrical
conductivity of the samples sintered at 1423K and 1473K.
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Figure 4. Temperature dependence of (a) the total thermal conductivity, (b) the lattice component
(K.) and electronic component (K,;), and (c) Dimensionless figure of merit of the samples sintered
at 1423K and 1473K.

Figure 4(a) shows the temperature dependence of the thermal conductivity of the samples
sintered at 1423K and 1473K. The thermal conductivity of all samples decreased with increasing
temperature. Total thermal conductivity (k) consists of two basic components: lattice component
and electronic component, in the following relation K.,/ = Ko+ K. The electronic contribution to
thermal conductivity, K., was calculated using Wiedemann-Franz law, K., = LoT, where L is
Lorenz number, o is electrical conductivity and 7 is the absolute temperature. The lattice
contribution, K, was obtained by subtracting X, from K. The temperature dependence of K,;
and K, of all samples are shown in Fig. 4(b). The influence of electronic contribution on thermal
conductivity was rather small in comparison with the lattice contribution. As described above,
bigger pore size and higher porosity were observed in the sample sintered at 1423K compared to the
sample sintered at 1473K. A possible explanation for these results is that these bigger pores
effectively caused phonon scattering that decreased the K,

Dimensionless figure of merit, Z7, was calculated from thermoelectric power, electrical
conductivity and thermal conductivity. Figure 4(c) shows the temperature dependence of
dimensionless figure of merit of the samples sintered at 1423K and 1473K. We found that
dimensionless figure of merit (Z7) increases with increasing operating temperature and agree with
the previous studies [4-7]. Moreover, the highest ZT of the compound is firstly reported up to 0.020
at 973 K in this study. The results indicate that the porosity in thermoelectric compound exhibits an
important parameter to enhance the thermoelectric properties. We came to a conclusion that the
influence of Fe'" substitution of AI’" and the higher porosity effectively improved the
thermoelectric efficiency of the CuAlyoFeo 0, compound.
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Conclusion

To conclude, the effects of sintering temperatures on the thermoelectric performance of
CuAlpoFe 10, were determined in this study. XRD patterns showed a single phase CuAlyoFep 0
with a thombohedral structure, R3m , along with a trace of CuO second phase. Moreover, the XRD
peaks indicated that the sample sintered at 1423K had more Fe*" substitution of AI’" than the
sample sintered at 1473K did The grain size of the samples increased with increasing sintering
temperature while the pore size and porosity decreased with increasing temperature. The high extent
of Fe'" substitution of AI*" and the high porosity of the samples enchanced the compound's
thermoelecric properties by increasing its electrical conductivity and decreasing its thermal
conductivity. The first report on highest Z7"was 0.021 at 973K in the sample sintered at 1423K.
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