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Abstract

Thermoelectric is a technology that allows the conversion between heat and electricity. As
a very clean technology, it draws attention as an interesting alternative solution to the major energy
and environmental related problems we are facing nowadays. Several oxides exhibit potentials to be
good thermoelectric materials especially cobalt oxides. This research aims to study and improve
thermoelectric properties of LaCoO, by substituting La with Sr and/or Co with Mg. Series of samples
with formula La, Sr .Co, Mg O, (x =0, 0.025, 0.05, 0.1) have been synthesized by sol-gel method.
Structure, composition, and thermoelectric-related properties have been investigated. The results
showed that substituting La with Sr result in a significant increase of electrical conductivity while
substituting Co with Mg increase Seebeck coefficient of the samples. When both ions were used in
substitution, the effects from both ions result in an improvement of both electrical conductivity and
Seebeck coefficient comparing to LaCoO; and singly-substituted LaCoO,. The best Power factor

obtained in this work is 0.02048 WK “m™" in La, 7¢ST 15C0p 697s M 62505-
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Y

a A J o

' = = | Y A . .
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ABO, (gﬂ 7) WAUNTUALLET (distort) N1TUAIVYIUVUBYNUA tolerance factor FINDDATITIUN
= 9 v v A ° [l A A2 A <
MeIvesnusativeslesauludiuniie A uag B viseluiiine loeeu La/Sr ttag Co/Mg 1LY
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ag ] < A A U Y A 1 Y Y o a0
Yu 9619 lsnauiieunui La D19aIUA28 Sriag/s0 Co UNEIUAIE Mg UINUINAT £ AT
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winduazinIndwnil aniuTassasvedimsiadioniosas malaeunausaIaseadil
dauna 1910 diffraction pattern TaomwizAyuilszuia 33° Fefindosfinnvsqududrlndnu

o A - 4 X g g d
nazsIuAUeLS UMY Sruaz/mie Mg Mudu Fuiudnyuzvesmsulasumlasauinas

(symmetry) voalasaaraiues (Dygarden Hagaue, 2012)



Relative Intensity (a.u.)

——
[y
-_— —_
zZ =+
o —
oc Py ST
= S —-— — —_
oo A% Aeao = w T
oo l Q2 cde ao T
ae o ey —
J\\_ - MA HJ*\,,
La Sr CoO
08702 3
L N N

Lf;lo_gSrD_ICOO3

A ON— N

L— L‘ L— L—(UIZ)

S S S S
-
%-;=-—
:

— = = =

LamSID_MCOO3
JL« l A AN A
La ,Sr CoO,
l Ju J‘ At A A
LaCoO,
T T T T T T T T T T T
20 30 40 50 60 70 80

Degree (2Theta)

gﬂ 4 X-ray diffraction patterns UDIH1J A0819 La, Sr,CoO, 130 x = 0-0.2

(110

(104)

(024)
(300)
(214)
018)

(202)
(006)
220)
(208)
(13 4)
(128)

—
o
(]
=

(116)

M
LaCcnﬂ_gMgﬂ_103
A " N
1
jt

)
|
L.
J

J{ LaConrﬁl\/lgMO3
M A e - -

N R

Relative Intensity (a.u.)

LaCOO.95Mg0.0503
J \ L A A
LaCOD.‘?SMgO.(}ZO}
l. L ve A A
LaCoO,
I ' T T ] ' I T I T
20 30 40 50 60 70 80

Degree (2Theta)

g‘l.l 5 X-ray diffraction patterns VOIT1TAIDY LaCo, Mg O, 1o x =0-0.2



=Sk
i
N &
8 JL T N - -
s S J A€ coe a2 -
~ I\ se Ao SR SR
§ J{ Lao.qsro.lcoosMgo.los
E J Lao.95Sro.oscoo.osMgo.osos
)
2
= ___,L L J W Jh V) ]
[3)
(=4 Jj LaomsSro.ozscoomsMgo.ozsos
LaCoO3
1 % I L I I L 1
20 30 40 50 60 70 80
Degree (2Theta)
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La’ =1.032 A, S =1.18 A, Co’ =0.545 A 1182 1.61 A §1%15V high spin 1482 low spin
MuaRY, Mg™ =0.72 A

< J 24+ A ] 1 3+ 24+ A 1 1 3+ @ £ 4 2

TIMUI Sr mumiwaumm La™ Uag Mg Mﬂl‘lﬂﬂi‘i’iiyﬂ’ﬂ Co” AUUNMTUNUNNY

° 1 1 Y 1 4 ldg! A o )

ﬁmmgmuwzmwa“lwmumm@wu’wmaammmﬂwﬂﬂumummm@”l@mﬂmsmﬂam
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a a v 1 @ 1 a X ) @ < > v A o Y

uﬁmuzaaﬂcﬁmwmaﬂuwuiuﬂsmu TDIUCDONWIAYUUDY Co ﬂﬂzgﬂaﬂuuﬂmmmwawﬂw

I A a @ 1 1Y = [ dy a
ﬂﬁ%i}i’lll“l]@ﬂﬁ1ilﬂuﬂﬁﬁ Co 'nuﬁmuz’0aﬂcﬁmsﬁumqnu%mum"lummu UenNUAYU
Y v
Y94 Co §30193 ldnatednyaIz i low spin, high spin I1i¢ intermediate spin L NGREIS TSI

o . ' o o Y { Y
AU (Li vazaae, 2010) uaazanyayinlivuiaves Co ilasuilasane

] s A A
M3 3 "]J‘Ll'l@ﬂl@\?'ﬂl!')ﬂlclfaﬁﬂlﬂ\‘lﬁ"ﬁﬂmﬁﬂll]lﬁ}

GRFLIAN a (A) ¢ (A)

LaCoO, 5.4425 13.0940
Lay 45T, 1,00, 5.4448 13.1085
Lay 4ST, sC00, 5.4460 13.1238
La,,Sr,,,CoO, 5.4462 13.1508
La, ;Sr,,C00, 5.4429 13.1887
LaCo, Mg, 1,05 5.4445 13.0996
LaCo, Mg, 1s0s 5.4463 13.1057
LaCo,,Mg, 0, 5.4475 13.1377
LaCo, Mg, ,O, 5.4541 13.1746
Lay 47557 055C0% 097sME 450 5.4445 13.1072
Lay 48T, 0sC0y 0sMg, 4505 5.4436 13.1337
La,,St,,Co,,Mg, O, 5.4456 13.1754
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4 1 @ 1
M9 4 09r1lsznovvedlooou Tavizaeg luaisaledia

Cationic compositions
Samples

La Sr Co Mg
LaCoO, 0.98 - 0.98 -
Lay 3¢St 1,C00, 0.98 0.02 0.96 -
La 4551, 1sC00, 0.95 0.05 0.98 -
La, ,Sr,,Co0O, 0.96 0.10 1.00 -
La, (Sr,,Co0, 0.83 0.24 1.00 -
LaCo, Mg, 1,05 1.00 - 0.91 0.02
LaCo,ysMg; 505 1.00 - 0.90 0.05
LaCo,,Mg, O, 1.00 - 0.87 0.11
LaCo, Mg, ,O; 1.00 - 0.78 0.23
Lay 75515 025C00 0075 ME0 02503 0.975 0.0185 0.931 0.029
Lay 45S1,,0sC04 0sM 80505 0.95 0.039 0.91 0.082
La,,Sr, ,Co, Mg, 0, 0.90 0.13 0.90 0.12
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waz ANNaINse lumsinaouNVeIAIN (carrier mobility) (1) MNENMS
0 =1/p = nep (2)
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ﬂ’ﬁ‘ﬂ‘i$ﬂﬂﬂﬂﬂﬁuﬂﬁqﬂiuﬂii‘ﬁﬂwﬂﬂﬁ%EQ “11\1611!‘1/]1.!‘5ngﬂEJ’J‘VIﬁnlﬁmﬂﬁﬁluﬁﬂiuz’ﬂ@ﬂ“ﬁm%’u
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51 9 @A Arrhenius plot vesmsasunasanudrumu i uiiogunglnlasu

YOIA13AI06NYNUNUNARIY Sr, Mg 11aZ N9 St 118z Mg 8150 Arrhenius law:
O = Aexp(-E /kT) 3)

& A o EY A = A Ao o A
149 Ea ADNANIUNTEAY, ky ABAIAINUDN Boltzman, T ADQUWHUANYITM LAS A AD pre-
exponential factor ﬁlzﬁnﬂiﬂﬁ1u’3m‘wﬁlﬂﬂ111lﬂ§$§§jluﬁ1ﬂ§lﬂﬂ1iﬁ1]l1/\|ﬂ1 (activation energy, Ea)

Yo o Y o Ao Ao
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J A £ 32 A 4 A a K o Y o ' < 2 o Y
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Y
= o

) Y} = ya g A Ay ya X
LDUNAINTUNINUU ﬁ]\?ﬂﬂfﬁ’ﬂlaﬂ@lﬁﬂuﬁ’lﬂ’lﬁﬂlﬂﬁﬂuﬂqﬂﬂﬂlu (N. Ramadass LASAUS, 1979)
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2) @ mSua1Ingu LaCo, Mg,0, manudmumu lihanaslugiasnuaisy
Q' g A‘ ISl 1 A 1 L (9]1.1 dy d’ 1
N x TAINNMIoMINY 0.1 NiiesnnlusiausnHaveIns
v H Y
oy n N Tuvaz A lusaradInavredNIsanadued p IANNFARUAY
3) dmiuasngu La, Sr,Co, Mg, 0, anuaunu liihiiaegszninennuy

arumu lrlihwesaesnguusn

M319 5 wasnunszquvesnsi i

Samples Ea (eV)
LaCoO3 0.08116
Lag.95Sr0.0sC003 0.02546
LaCo00.95Mgo.0s03 0.07700
La0.9755r0.025C00.0975MJ0.02503 0.05491

o n da

3.2 dquilszansxun

o a £ =~ Y ] A A Y < 1
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I~ X v A a 1 Y] o o o
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1 < 1 [ a £
Anderson, 1995; Ohtani tazAaiz, 2000) 9814 15na1unu 1 luyensaidulseanssunve
< 9 A A o a Sa e =

LaCoO, o1iuuanld manldsunlasveuniosrmeuesdulszanidmaiimanianiau

a [ 1 a % I 1 o
INNITINATOII1NUOI00NFIIU (oxygen vacancy) FaTuarw luauysalvoawdn (crystal
defect) Ny l@ Iuansisenouraeyiia (Vulchev Hazag, 2012; Berggold HATAYL, 2005) AN
=1 o o [ A 4 adg a A 1T W 4 ] a fa d'dy <3
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] { o o o a £ 2 Y 2 <
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= 9

= Y dy 1 a 3 1 v Y dy [ = = 3+
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A A o a f£a A A A o v o A
e S ARFNUTLANTHIUA, k, ADAIAINVDI Boltzman, g3 1A g4 ADIIUIUMITIAAIN

I o o A
Hu'ld1d (possible configuration) 99 Co’ 1Az Co' MUAIAY LAY x AolSuImMYD9 Co™ 91N
S 1 A ~ A v o o & v v
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3.3 Power factor
A [ 14 Aa g A Ao 9 =~ 3’; o 1 A = [ 3’;
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J 1 A A awv dy < ' A Sy
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£4
uas Mg 1&un Lag 47551 02sC0g 675MEg 12505 1991 Power factor ﬂﬁﬁ:f a IagA1 Power factor ‘ﬁfg]’ i
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UNUNAe Sritgsod1uferrzivoaunauiit i Faaursasildaauii lddves

£

A dal Y YR 4 A A Y XY a
LaCoO, NN (ANUAMUNIUIAAN) UlﬂiN 10 (NUVDLNUN La A8 Sr 20% uaaulszanss

° A 1 = Ay ' = = 9 VAo a £
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