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WITOON THEPSUWAN : SYNTHESIS AND PHYSICAL PROPERTIES
OF Lay_«SryMo,.y.,WyM,09_5 (M = Nb, Zr). THESIS ADVISOR :

ASSOC. PROF. SUTIN KUHARUANGRONG, Ph.D., 126 PP.

SOLID OXIDE FUEL CELL/ELECTROLYTE/LAMOX/ION CONDUCTOR/

ELECTRICAL CONDUCTIVITY/XANES

Doped La,Mo0,09 compositions were investigated on their properties as a
potential electrolyte material for intermediate temperature solid oxide fuel cell. This
work concentrated on the effects of Sr, W, Nb and Zr as selected dopants on phase
transition, microstructure, electrical conductivity and thermal expansion coefficient of
La; «SrxMo,.y.,WyM,O9_5 (M = Nb, Zr). In addition, XANES was used to determine the
oxidation state of Mo and Nb ions in these compositions.

The results show that the appropriate calcination temperature to obtain a single
phase of these compositions synthesized via solid-state reaction method is
950-1000°C depending on the dopant. The doping limit of Sr, W and Nb/Zr to obtain
a single phase 1s x < 0.1, y < 1.3 and z < 0.1, respectively. The suitable amount of W to
stabilize the cubic form of La,Mo0,O9¢ at room temperature is 7.5 mol% W.
In contrast, Sr, Nb and Zr cannot suppress the phase transitions from cubic to
monoclinic. The XANES result shows that the oxidation states of Mo and Nb are
found to be +6 and +5. The oxygen vacancies increase as lower valence atoms, Sr**
and Zr*", Nb>" substitute into La’" and Mo®", respectively. This results an increasing

conductivity in La;M0,0O9¢ composition.



The sintering temperature for undoped-La;Mo0,09 and doped compositions is
1100°C for 3 hours, whereas 5 mol% Nb-doped specimens require to be sintered at
1150°C for 3 hours. The bulk density of all sintered compositions is around 94-95% of
their theoretical density. The compositions of 5 mol% Zr cannot achieve a high density
after sintering at 1150°C. The average grain size of undoped composition is about 5-8
um. For W doped compositions, the grain size is slightly lower than that of La,Mo0,09
and increase with an addition of Sr. With Nb/Zr dopants, the grain size decreases and
the porosity increases.

The electrical conductivity value of undoped-La;Mo,0s is 4.48x10* S/cm at
500°C, which 1s lower than that of all doped compositions. Sr performs higher
conductivity than W, Nb and Zr. In this work, La;¢Srg;Mo0,O9 shows highest
conductivity value of 2.14x10° S/em at 500°C. Above 560°C, doped specimens
exhibit lower electrical conductivity than La,Mo,09. At 600°C, undoped-La,Mo,0q
shows the highest conductivity and its value is 2.68x107 S/cm.

The thermal expansion coefficient in a temperature range of 100-500°C for
La,Mo,09 is 15.25x10° °C™. La; 9Srg1M0,09 shows higher thermal expansion value

0f 16.66x10 °C”" but lower thermal expansion in a range of 550-1000°C

School of Ceramic Engineering Student’s Signature

Academic Year 2009 Advisor’s Signature
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Gas species PEMFC AFC PAFC MCFC SOFC
H, Fuel Fuel Fuel Fuel Fuel
Poison Poison a a
CcO Poison Fuel Fuel
(> 10 ppm) (> 0.5%)
. . ; . b . b
CH, Diluent Diluent Diluent Diluent Diluent
CO,and H,0 Diluent PoisonC Diluent Diluent Diluent
S (asH,S and | Few studies, Poison Poison Poison
Unknow
COS) to date (> 50 ppm) (>0.5ppm) | (> 1.0 ppm)

HUUA :a  Inreality CO reacts with H,O producing H, and CO, via the shift reaction :
CH, + H,0 — CO + 3H, and CH, with H,O reforms
b A fuel in the internal reforming MCFC and SOFC
¢ The fact the CO, is a poison for the AFC more or less rules out its use with

reformed fuel
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M13199 2.2 ANYULMINZUDUFAAFOINAUAALYHA (Larminie and Dicks, 2003; Foger, 2008)

Operating Mobile ion/ Power
Fuel cell type Electrodes/reactions Application and notes
temperature electrolyte densities
OH/ Anode : Pt, Ni, others/ 2H, + 20H — 2H,0 + 2¢’ <200 Used in space vehicles, e.g. Apollo
Alkaline 50-200°C
KOH Cathode : Pt or Ag/ 1/20,+H,0 +2¢" — 20H mW/em’ shuttle
Proton exchange H/ Anode : Pt/ H, — 2H +2¢ > 500 Vehicles and mobile applications,
30-100°C
membrane Nifion type Cathode : Pt/ 120, + H +2¢ — H,0 mW/cm’ and for lower power CHIP systems
N Anode : Pt, Pt-Ru/ Suitable for portable electronic
H/ N ) > 500
Direct methanol 20-90°C CH,OH + H,O — CO, + 6H + 6e s systems of low power, running for
Nafion type s mW/cm
Cathode : Pt/ 3/20, + 6H + 6" — 3H,0 long times
HY/ Anode : Pt/ H, — 2H  +2¢ <100 Large numbers of 200-kW CHIP
Phosphoric acid ~220°C
Phosphoric acid Cathode : Pt/ 1/20, + H +2¢ — H,0 mW/cm’ system in use
co;/ Anode : Ni/ H, + CO2 — H,0+ CO, +2¢"
. ). 100-150 Suitable for medium- to large-scale
Molten carbonate ~650°C Alkali carbonate CO+ CO; — 2C0, +2¢ i
in LIAIO ) ) mW/cm CHIP systems, up to MW capacity
in LIAIO, matriX | Cathode : Li doped NiO/ 1/20, + CO, +2¢” — 2CO,
0%/ Anode : Ni-cermet/ H, + o — H,0 +2¢
¥ Small Cells up | Suitable for all sizes of CHIP
Solid oxide 500-1000°C 3YSZ, 8YSZ, CO+0 — CO,+2¢

GDC, SDC, LSGM

Cathode : Perovskites/ O, + 2¢" — 20"

to 1 W/em”

systems, 2kW to multi-MW

01
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6 (S-em’)

517 2.5 Usinmns Tadaeainisiin I wes doped-YSz Ngaumail 1000°C (Huang, 2008)

M13719% 2.3 auiiaued Y,0, 1ag Sc,0, imuieaulu Zro, (Minh and Takahashi, 1995;

Ishihara, Sammes, and Yamamoto, 2003)

Tonic radius (nm) Conductivity | Bending
Dopant Mol% of TEC
(S/cm) strength .
(M,0,) M,0, 7" M (x10°/K)
at 1000°C (MPa)
Y,0, 3 0.079 0.092 0.05 1200 10.8
Y,0, 8 0.079 0.092 0.13 230 10.5
Sc,0, 11 0.079 0.081 0.30 255 10.0
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Taona ludaeimsiir e siag doped Ce0, veiiarganitiag
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A Ao 19 o w A A o 9 adg
ZrOz-based Iﬂﬂ!ﬂW'lg‘qumﬁﬂviJﬁ'l UAUDITNAVDN CeOz-based o NﬂTiHTVlW‘ﬁ'Iﬂ’JEl@LaﬂG]i@u
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a A

Noamngiiguaziiondluan11zNUANNAUGDIVDIDDNFIIUAT (Mogensen, Lybye, Kammer,

E] U

and Bonanos, 2005; Kharton, Marques, and Atkinson, 2004; Dalslet et al., 2006) f#msvallall

uaazataaziininisth lWihgegeegnusams Tadnmiveu Taslingdnssulndifesio

@ @ -dyl o o Y

Yatq Zr0,-based aauaasluzl 2.7 uag 2.8 uenviniaimsii liihgegaduna ldnnwaves

Yy 4+ 2 o q ¥ Y =2 A . . Y

via lovoulndfesnuvuia loosuves e a1 Inseasananil elastic strain aniooas

asnfomau lhiamuainsii i lu ceo, Aie n1ladidion
k4

(gadolinium, Gd) 1taz %1413 8% (samarium, Sm) A5 Wz gevuawUSumnis Tadl

v ' Y

WA 13U 0.20-0.25Gd (Seo, Ryu, Park, Kim, and Song, 2006) §11151 Ce,_Gd O, (CGO) 1oz

] F4 9 I
wiodFumms Tadundusimsih Iliheganas wenvindidalimsdnsniasowdwn Tal
15U Y,0, 1ag Cao uan1nsih ihddindims Taldaeas Gd,0, naz sm0, Tasdoya
J

A3 1o doped Ce0, Ngmugil 500 az 700°C naas 1A luansei 2.4

E]
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(Ce0,),,(Sm0,) ™ Qmﬁﬂ"ﬁﬁhﬂﬁlu (Inaba and Tagawa, 1996)

2.0 -
’g 1.8 [
g
2 1.6 r
a
S
= 14 r
on
Q =
3
0 =
_0‘2 | | I| | | | :
0.09 0.10 0.11 0.12 0.13 0.1
Radius of dopant cation/mm

51/ 2.8 mavesvina losouniinaseninisi ihuuuesn lad lesouves

a

doped ceria ﬁqmmn 800°C (Inaba and Tagawa, 1996)
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A9 2.4 ﬂ'mﬁﬁﬂwﬁﬁlm CeO,-Ln,0, (Ishihara et al., 2003)

Conductivity (S/cm) Activation
LnO, Mol%
700°C 500°C Energy (kJ/mol)
Sm,0, 10 3.5%10° 2.9x10° 68
Gd,0, 10 3.6x10° 3.8x10° 70
Y,0, 10 1.0x10° 0.21x10” 95
CaO 5 2.0x10” 1.5x10" 80

2522 Jagqualna

g a Y I o [ 4 dy A
Ja9 LaCoO, tay LaFeO, Honlgitluua Inad1vsuiadiyoinaa

q

=

s < o A
oon lasuowiagangiidiil Ceo -based 1iluTandianIns lad Tﬂmaﬂmﬁm"lnmﬂgﬂim

E4
v W o

vianaianing lad deaiidudsz Tomluagsudumnlunszurumsiinedeuihdidn Inslad

wazua Inauurntinns ouiu ez liaamsdeouaussouzvesaisad l'ld Taena'lydiaa

q

a o dad ] o 1 . 1
LaCoO, 1Az LaFeO, tion Ta1ldre519oan1 lariiosn 191 Ca uaz Sr ludwmis A-site 1an1s

v
=

) ] . I {
TadTud s B-site 319 Co waz Fe iumaudenifiigauaziomiusedums Tadasildem

Q

A

Y v
Mt Ifhgedu Wugud 2.9 uananavestSum st iifimadeinsir lfhwesans Lacoo,

T@ﬂ‘?ﬂmﬁqmwgﬁﬁiwﬁuuazﬁ Po, = 1 atm (Mizusaki, Tobuchi, Yamauchi, and Fueki, 1989)

¥ o

A o k% adc £ Y I =X = a o B
Nﬂ'lﬂ'liu'lﬂﬂ‘ﬂ'lﬂ')ﬂ@!aﬂ@i@u %Qllﬁﬂﬂﬁlﬁlﬂuﬂﬂﬂ'li!ﬂﬁEJ‘L!Wf]G]ﬂiiiJﬂ1iu'lLL“lJ“lJ’ﬁ'liﬂ\1ﬁ'Ju'l

<3| ! @ A @
(semiconductor) TilunnyTane (metallic) Aszauns Tatluazgurigiareiy Tudnnignil

24 o

1 9 v
LaFeO,-based tgaiiioauanganssumsiwuuasnedniwniniu gaiinst ldihndesndn

v W

LaCo0,-based 113171 TEC Y0329 LaFeO,-based az1dnfiu laanuagdian Inslad ceo,-

=

J < A Y a 4 2 o w
based 411131 LaCoO,-based o1 uaziwo lvinailsz Tewtugega 39un15378 Tagriniag

Q

4
LaCoO, itag LaFeO, ﬁqamizuummm%ﬁﬁ'wﬁu (Tai, Nasrallah, and Anderson, 1995; Tai,
Nasrallah, Anderson, Spalin, and Sehlin, 1995) 11319 2.10 uaasn1snlasunilasvesninis

i IWihngamgiaeiusezalsinans Tl srvesds La, Sr.Co,  Fe, 0, , WUNUTu Sr

U

11N 0.1 yagegavesmmai Iihvewdazgangldon llgoumgindniuiiodsuan

U Q

v 1
= =

A a [ ' Y 9 Qv
miiﬂﬂ Sr IWNUU G]N‘Wi]G]ﬂii3JﬂQﬂan]’lﬂgﬂﬂﬂﬂu]’l’ﬂHNU’Jﬁ]ﬂm’EN Stevenson, Armstrong,
¢ o o o a @
Carneim, Peterson, and Weber (1996) 3dURUTAUNTaAAIUDY stoichiometry U990 NHIUND

gatigh Tasdrumauinuzdud 1% UssUY La-Sr-Co-Fe-O D La, Sr,,Co,,Fe, O, 5

Do o

= ' 1 0 v 9 v ad J
Falinnuaugaszrinamsth Iihiua TEC dwsvdianns lad Ceo,-based
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31/ 2.9 Havesguugindaeansih luiwes La, St Co0,

luan1g Po, =1 atm (Mizusaki et al., 1989)

350 & 550°C
i '+ % ®
_ 300F x=04% y
g 5
= B _ 600°C
é 250 E y X = 03<> &
2 200 o x=02 & i .,
= - . N 800°C &
2 150F ¢ X a
= o A £
g D ¢
o 100¢ T <=o01  1000°C
n 5 sl o g
50F ° ¢ 5 B 2
0?)‘ & L T e
0 200 400 600 800 1000 1200
Temperature (°C)

31/ 2.10 wave /5w st finadeimsii Iihwes La, Sr Co,,Fe, 0, ;

luussenmeena (Stevenson et al., 1996)



20

2523 Jagqualua

=

o s &L a P < A
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JagoranInsg lad ceo, nulanzinma el Idgnumemenimiiionsdiumuzay
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Tugi 2.11 Wlsumevaussouzvesiaaualua YSZ+Ni ScSZ+Ni lag Sm-CeO, (SDC)+Ni

Jam 1w Siemens SFC iinldFanuinian SDC+Ni taz SeSZ+Ni 1¥naponunAndl YSZ+Ni

'
1 =

Tagimw1zNguniia1 SDC U1 electrode polarization G111 FUWIITANTIMTUNITHINN

E '
N9 A ' =

v s & a P < A Ao A2 yye
1%\111&11&!%@1'@&%@&7‘]6\1'E]'E]ﬂul“lfﬂsll'E]\HHNVIQ’LMWQ?J@]'I u@ﬂfl]'lﬂusll@ﬂ@ﬂ’f)fl'l\iﬁu\iﬂlﬁuulﬂ"h'ﬂmu

[ A = 1 @ I ) di’ a
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u
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Anode polarization resistance (Q sz)

0.050 +
|
0.000 - . | ; i |
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gﬂﬁ 2.11 msfseuney polarization resistance U9 YSZ+Ni ScSZ+Ni

1ag SDC+Ni (Huang, 2008)



21

¢ A a 3 < a
2.5.3 gmaawmwmaan"lmﬂmmumwuﬂ LaGaO3-based
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2.53.1 Jaadaninslas

Q

= o Y c!' Qc;
LaGaO,-based 1iA1n15111 1 fhdr0leoougeiguugiidiacuinay
4 [} (% o o
tlassadrawuumesedalndamilouduiaqualna Tasnisirlidwuvesnlud looou
N Y < o .
voeszuwesod Ind lagniteariluasansnTne Ishihara et al. (1994) 1Az 52 UVUD Sr

uay Mg Taaln1a/ 1w LaGaO, (LSGM) Qﬂﬂﬁlﬂuiﬂﬂ Feng and Goodenough (1994) TasA1ns

'
a =

i TWhwes LsGM Hidrgasiif 0.15 S/em Higamgil 800°C FauTusrfigandiainigsir i

U

a [

A ad d a dyw a 2 IS
Y93 YSZ fgaunindl 1000°C uaz Jagoran Ins ladytaiidalianuadeniunaienuiunag

1%01uh Po, 1an319 (1-10™ atm) 314 2.12 nlSewiounsir Il uuveen led losouves

[ a

] < S a A £ < Y v 1 A T adg o
@15 LSGM fuddqaian Ins ladytiady Fudiulagaii LSGM liarganiiaisadaning laq

q

' 1] '
S a Y ~

A A ' A ° A I
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)

o Y a 9 a g a < . . dy
s ldinanisihivihdredianaseusiiaou (n-type electronic conduction) UBNIINU

£D-

v Y
a A = (%

' Y
Vo INNFIVUIATANNANEREVBIDDNTIIUAAAY 19U T31HINNITTUFYTAe LSGM

)

o—

RN A NINAUNTNNMIGYEEURI Ga,0, 11 LaGaO, a il ien asaunisn 2.1

=).

(Ga,0,) 4om = Ga,0, + O, 2.1

(&
A 1 9 c’dil a a d? aan [ d'
’Hi@i%’ﬂ’ﬂ\iﬂ'liiﬂf\i'll!ﬂl@\il“]fﬁﬁl“]f’f]!,waﬂ Iﬂ&llﬂﬂﬂlu@'luﬂ;]ﬂiﬁﬂ ANFUNITN 2.2

= Ga,0,, +2H,0 (2.2)

LSGM

2H,,, + (Ga,0,)

(g (&

~ A [ A Ao o 1 A A o Y a A 42/ 2 g
MNHAVINTFYITY Ga Do uiudid1dyed 1984 ilosanszi liinamaduay duiu
o 4
aunq Ivinsi lihuuvesn lad loseuanas
dy . . Y= a v

HUONIINU Kim and Yoo (2001); Jang and Choi (2002) ICCOIRERT
= [ 1 o a d @ Jyan .
eafuainsi il udianaseuvesiag LSGM Taoald3F Hebb-Wagner blocking

& ™ @ ) ad (:Il a a <
electrode ¥4 Tae lUszdumsin Ilfhuvudidaaseunaytiai (p-type) azyfiadu (n-type)
= 1 1Y ad 4 Vo 1 Y a g 4

veliangeniluiagoianIng lad zro,-based nad1n 1 luidgdianIng laa CeO,-based

1 A Aa o o adg a <3
uamsindsuans Iay sruaz Mg vz limsih Iihuuudianaseusiiafivaziduanas
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51/ 2.12 Arrhenius plot ¥03n1311 lnl#dae lesouvesiagoianIns lad

(Huang, Tichy, Goodenough, and Milliken, 1998)

2532 Jaqualna
[ Aa A [ 12 J dy a J < a
Jaqualnanangadimivisadiyonaiesn lsaveauiariia

LaGaO,-based in1undrondenuiaqua Inanldiy Ceo,-based A10819151U LaCoO,-based

9 Y
TasmsidenldiaquaInaiiuozdosuegiuinas LaCoO,based vzdneiinnudinu'la

u

YY) a d J A A Yy . .. Aa A
munlinuiagoanIns ladwiia LaGaO,-based 1W0 111 electrocatalytic activity NAIEN
Y
(Huang, Feng, Goodenough, and Schmerling, 1996) uazuaﬂmﬂﬁﬂmﬁﬂlmﬂﬁamamm?au

9
5211119789 doped-LaCoO, n1 LSGM d 1115015 u1jaud luldadula Tagnisiiliiag

4 U

A o I 1y ad S & 1
ua InafidnyaztuuduilduneseguudianIng laamiu LSGM Falinumuiuinn i

Y ] v
A ~

= Yy = Aa v d' v @ a =1 9 4
wennniideldinisAnu1isanernuiaqua Inasdadunii laseadwuuumwesowa lnd
d’ o Y o [ e’dy a o < a A
o lddmsumadiFomasenn lsavoadariia LaGaO, based A9 a13 SrCo, Fe,,0, ;
uagenaidnenindiniSaauainagedeldi 18un La Sr.Co Ni O.. La Sr .CoO

a 0.8°T02% 005N V55 L8 3T 4 35

La,,Sr,,Fe Nij,0,; ttae La Sr MnO, (Huang, Lee, and Goodenough, 1998; Huang, Wan,

0.85~70.15

and Goodenough, 2001a)
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2533 Jaqualua

¥
a

Saque Tuandududendmiuradisomiseen lonveweria
LaGaO-based An dauNaNv03Tdg LSGM nuTanziinina isufernunuiaque Tuadimsy
wadisemasonn ladveaudiia 710 -based 1182 CeO,-based 1o 157010 1IANINATEL
WuNimsAe e adetaTIaEa (Huang, Feng, and Goodenough, 1997) Tﬂﬂmmqﬁ,’}mﬁ@

o I 1 a a a o aaa 1
fl]’lﬂﬂ’li!ﬂ'lgﬂutﬂu‘ﬂﬁqllﬁ)f]uellf]\‘ljﬁﬂguﬂ!ﬂﬁlla3!ﬂﬂﬂ’]iﬂ’]ﬂ§]ﬂiEJ’IﬁZVi')’N'ﬁ’Ii LSGM

[ =Y

Auilnina laeiieiinisasrnaenlaseadwaamavesiaque Tuaudimu l¥raaivayu

[ [ J & o aaa o <

AUNa ln@INa12 (Huang et al., 1997) ¥3 LSGM 2211 {A5e100 Nio naeiilu LaNio, uaz
. v dgl A 4 1 = dgl o w .

La,NiO, 521319nszuaumsmidugil ieud luilymainuluatosil aziiiag Ceo,+Ni

Y3 @ @ = N Y 1 I
gt aaue Tuaunuiaailsznoy LSGM+Ni #37a9 CeO,+Ni Wiun1snadouaIdniu

q q

'
g S A

A a9y A A o QA J
Taquo Tuanaen ualvordoasaninisi dhwounauues ceo, luussomauuuiad
Y 0o Aad dy [] [ o 9 4 dil a 4 < a
Witttz yrediulgei ldisadidemdseon laduoaudaviia LaGaO,-based
Y

= = AR Sou A aaa ' v A a Aa Y o o
UADYTNINNAVU l,mﬂEJQ?JﬂWiVIﬁJ;]ﬂiEJ']i%‘H’JNﬁﬁ LSGM NUUNNANHINUITUNTUD

o—

9 T A

adg o = A Y 1 v a a o Y
uo Tuauazdan Ing lad 1deg iNonaniaeamsduRa Tasnia521319 LSGM fuiintnanii e

U

9/3 A g 0 3 1 @ ad J a
Tasn 13 194U buffer MIUAT doped-CeO, WININUATINAN1TZHIITAQDLIAN INT ladwiln

@ o y ddgj
LSGM uaziaque Tua ¥ ldlaussouznia 1@l (Huang, Feng, and Goodenough, 1998)
[l < [ [N Aaaa T [ 1 Aaov
pena lsnau LSGM nu CeO, ﬂﬂlﬂﬂﬂgﬂit’lwmﬂu’ﬂg Tuaruiveveg Hrovat, Ahmad-Khanlou,
Samardzija, and Holc (1999) 18518911 1331a15 La,0, luieg LSGM vzinamisuns lg ceo,
U J a I { a a
ldodedrvarsuaziia solid solution 11 Ce, La 0, Ngungll 1300°C uaziiaidvosais
S Y dgj dy Y ' dgj ~ a
LaSrGa,0, NNA1udmumugayuluiiodag LSGM 5813119msvuglngungil 1300-1350°C
9 ] 9 ]
uonIINHENIITeMeINVFU buffer tveiloanumsiilgnsensznitears LSGM naz Ceo,
Y o = ! 3 A o 1 ] Yo
Tagreualdiimsdsudiunanuoadu buffer oot unisunsves La 1wu n15143ag
< & Y & a Yo o oA A a4
La, Ce, O, , Wu% buffer ununsl9a1s Smy,Ce, 0, NHoulgnuna Ty netiienaniaes
a £ o Y [ z . o Y I =
mananavod LaSrGa,0, G]N“I/lﬂ'ﬂﬂfﬁlﬂﬂiﬂﬂiqﬂ“l/lﬂ power density wazdi ldraainanuanes
< F4
Wunarenuuay (Huang, Wan, and Goodenough, 2001b)
Y a 9y

= @ o 4 . = 1 9
ﬂl@ﬂ!tﬁ%ﬂlmﬁﬁlﬂl’ENG]’Juﬁ)’é)ﬂn],“]fﬂ]l@@@u‘]/liJﬂﬁﬁﬂHTE]EJNﬂ’JNSU’JN

~ ~ Y o o 1 R AYaou o o a ld? A g
3J'lﬂ‘]/]'q@ llﬁﬂﬂiu@]’li’lﬂﬂ 2.5 1AaZANUDIINAN 9 i]\?iJEJ'J%E]W@JJH'I']ET@!‘HH@]‘IWNGIJHN']LW’E]LTJH

]
I o w

= Y aa @ A Y o A @ &£ A
andennaunu Tagiagoaning laansrauilunhaulaluilegiiude 3aq La,Mo,0, ¥4l

amsih e lesougeidsguugiithunas
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A Y A 9y a o ad D N L ¢ & a y
A1TNN 2.5 ﬂl@ﬂlla%m@Lﬁﬂm@ﬂﬂﬁﬂalﬁﬂjﬂihla@ﬂlﬂu@'Jla’f]ﬂﬁ’]ﬂiUlcﬁﬁaqu@!wa\iaaﬂbquﬂ

YDA (Weber and Ivers-Tiffée, 2004)

YSZ CGO LSGM SSzZ
Advantages
Excellent stability in Mixed electronic and Good compatibility Excellent stability in
oxidizing and reducing | ionic conductor at with cathode oxidizing and
environment low Po, materials reducing
environment

Excellent mechanical
stability (particularly,
for 3YSZ) > 40,000 h of
fuel cell operation
possible

High quality raw

materilas available

Better long-term

stability than 8YSZ

Disadvantages

Low ionic conductivity
(espectially for 3YSZ)
Incompatibility with

some cathode materials

Electronic conduction at
low Po,

Low open circuit voltage
(OCV), mechanical
stability, availability

and price of Gd

Phase stability, Ga-
evaporation at low
Po,
In compatibility with
NiO, mechanical

stability, availability

and price of Ga

Availability and

price of Sc

U

2.6 Yagoaninsladuauniwinluaddiuesnled (La,Mo,0,)

Y v
REE ATLGRY an ISudAnu1 e Lacore, Goutenoire, Bohnke, Retoux, and Laligant (2000)

Aa { aa @ ¢
Tag La,Mo,0, inganssumsilasundlauaoin Ty Tuadiinnsooanune (o-phase) iy

{ $ a I Aa A o a
anlinnuatosnguugines liiluAidnuiowaua (B-phase) N¥19guugidszun

@ a = dy o Yo a0 ) ‘1?1 A 42}
500-580°C nagnasnngarginmanlasumlaiinwzildiggliamsh Iddunudulszuna

1 o % H Y C; U { { QU
goamdd samslasuutaaatidudnvasnanson/asundu1yun1d (reversible phase

1 a a J
transition) Tag Goutenoire, Isnard, Retoux, and Lacorre (2000) 31891UAAANYEWITIUINDT



25

younaain13fe a = 7.2014 A oglu space group P2,3 A luf iy 0.06-0.08 S/cm
ﬁqm’ﬂfflﬂﬁ 800°C (Goutenoire et al., 2000) LAz T1UTU a-La,Mo,0, fi’fﬂagﬂu space group P2,
Taolinuaaiamimesfio a=7.1426 A b=7.1544 A c=7.1618 A uaziiyy p = 89.538°

a

(Evans, I.R., Howard, J.A.K., and Evans, J.S.0., 2005) ¥4 lungaza1uiselainissieaiuan
a a 4 1 [ < 9 qa.: dydg} v W o Y 3 @ % ' =)
HAANFIIT NN DI UANAIAUANT B8 NIHVUNVEATIATN 1T1EUAD voedIpd1avuzInT 8w
9 '
(Voronkova, Yanovskii, and Kharitonova, 2005) wazvufulSuaauIe)u (impurity) luda f
(Lacorre et al., 2000)
2.6.1  NWIVLNINIVD3
. P A o

Goutenoire et al. (2001) ANy UABINUAS (La, M Mo,0, 1A M = Sr Ba K

Bi 18z La,(Mo, M)O, 1ag M=Re S W Cr V #1n1351A300a@15A287F solid-state reaction

a

[ o { I ) 3 ]
ndannuarauasudanihamsnldanudouneaai 500°C Wura 12 2709 10Uy

E] U

v Y 9 v
= = o =

a qa.: <3| v ' S o T ' o
Ngavigil 700-1100°C NeHFuRDas 1 iludaTat nazlaeslhidudiasedisd q nourihn

a

v 1 ) ugj ) v J o dg‘ ) =< A
Fasmsrih Wi endunhaswdsiumseuaa lnimdadugduasih lsnsiiniguyg i
E4
700-1100°C WUNFUNUNANUHUIUY 70-80% VYBIANUHUIMUUNNNGBE WAVOIAINIS
i lihwuduwaunlaldie sr Ba K Bi S W Cruaz v liimansnsz Taaveadinis
Wi Tagarmsii IWihvesdruneaunTaldae Bi(5%) W(15%) 1ag V(2.5%) HAUn1ny
6.96x10° 6.04x10” 1Az 5.20x10” S/em AIUAINY FaiA1H1n31 B-La,Mo,0, 1anTloofo
8.02x10” S/em Ngauunqil 800°C wazdrunaniIndaro Ba(10%) K(5%) uag Sr(5%)
dansi Ildunnd 2.74x107 565107 naz 6.03x10”° S/em MwA19Y FeiA1810I1
B-La,Mo,0, Ngau#ngil 800°C azNigangil 500°C MiNoad W auAeIND Cr(50%) HAINI
i Ilihwiiy 5.42x10™ S/em efiA1gana1 a-La,Mo,0, NHAUNIND 4.60x10° S/cm
Y= A o
Wang and Fang (2002) 1afnuReIfuas (La,_Ca ),Mo,0, Tag x=0 0.05
& o A o Y o g A 3 )
0.1 waz 0.15 Mniuwheansimson 1@ lilvimswuaa laningamgil 550°C iual 10 92 Tug
o 2 = A a < 4 a y v '
sazihFua llwninfigumngil 950°C Wunat 12 ¥ T wadns1zilddds XRD Wi
v £4 ] 9
dyuwauniiad Tainamadoluves CaMoo, Iumaziio Tal Tudlsmamnndunudianugs
4

finveurmvetugatiu

Yi, Fang, Wang, and Zhang (2003) ladnyunedfues La,Mo,0, Taua3 oy

v [ 3 9

MUY sol-gel wazasmIon & levigaingdl 300°C iflunai 24 $2Tue 91miusih
wniinfgauugl 570°C 1wnan 12 2 Tue wazmdefigavgil 650°C 1unal 6 $1Tus

Y
HANUE UL BYDITU WY TEU8 80% YOIANNHHIUUNIINGBE Haa1nsi Wi

1 Qy Aa K S A o o 1 Qy Aa =R ]
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Georges et al. (2003) 1éddnuunerdueas La, R Mo,O, Tag R=Nd Gd Y
= Y an . . o s a I o
INTINTTAIYID solid-state reaction mmi"lﬂmuma"lcvumqmwgu 500°C 1Wura 12 ¥ Tug
1 A a < o [ 09.:} 0 Qy =
naziuaa lsineNgumngil 900°C 1iual 24 ¥ Tue wasvinimiduau lwwin
! <3| o ' Qy ] ]
1950°C a1 24 %2 T3 WUNFUNUTANWHUIUY 80-90% VOIANUHUUUNWNG S
naveen Nzt lihmuimnarunauniida Tadiainsi lWihgandi La,Mo,0,
Subasri, Nafe, and Aldinger (2003) $10135/NEUAEINUAIT La,Mo,0, N5 o1
9 an .. o P a o [ o o
A283%5 Pechini Taorians l)wnuaa lmingamgil 900°C nazihansvaumuaa land lding
a 4 dl 9 =) d‘ d‘ a
wnsizinmsnlasumlanie DTA wudunamsulasumanguvgiilszun 535+ 3°C
Marrero-Lopez, Ruiz-Morales, Nunez, Abrantes, and Frade (2004) 11013 ANMI

' '
= v I}

NYINVAT La,Mo,0, TGELY, @9]}2] 873 solid-state reaction wFeumeuny freeze-dried Taeans

]
~

A ° P 3 M 0
NA58UINIT solid-state reaction NNTIHILAA TN 500°C 1@t 5 ¥ Tue Knsuaay
A a I o 1 P Y ax . o 4
aeNgungll 950°C 1una 5 ¥ 1ue dauas e eua107% freeze-dried 1mur LA sl
~ a I ) a 4 9 1 ~ ~
Ngargnl 400°C lunan 5 4219 #an13 WA aUeIa13@8 XRD WUNATNIATINILY
. a YA a v ~ = 9 as . .
freeze-dried fcﬂmmmmvdﬁ”l@mqmwgu 400°C dIUAITNINTIUNIYIT solid-state reaction
] ° P A =< ] = ] A <Y
Aeaiimsmuaa laigungil 850°C 399z lalaferniudeoans malins1zviale DSC
d' d' T A d‘ d‘ a 1 a 4
easaoumnasulawawuinnamsnlasulangurgi 569°C d1uMan13AATIEH
) ay [ < A I ) ~ ~ ~
TATITI9ANIAVOIFUIURANMINLNN 1050°C 1Turar 5 92 Tus nleuineunismion
Y 9 1
M9 2 33 NUNTFUNUNATONA8TT solid-state reaction UAITUHUILUY 80% VDIANHUIIUL
Y '
NNNYY AIUFUNUNNTENUVY freeze-dried ANUUUMUUGINTT 95% UYBIANIUHUMIUY

=S = 1 o ' Qy A = 9 an
NNNHHY uazmmmﬂiuﬂizmm 1-5 um wammesm”l%lﬁmmwmmmmmnmm‘ﬁ

a =

. o =< A J o 1 Qy A A 9 an .
freeze-dried TAUNINUNNOUHINN 1100°C mwmmw”l%l%qqmwmmmmaumm‘ﬁ solid-

E] U

]
~

9 v
state reaction HAZFANNFUNUTNUATOUAIYID freeze-dried HAUMHTNNQUHRD 950°C

Q U

Marrero-Lopez, Nunez, Abril, Lavin, Rodriguez-Mendoza, and Rodiguez (2004)

]
= v

a o 4
AANYUNINVES La, EuMo,0, 1A0IAToNa15A1875 freeze-dried Wra1suumuna lan

—

a

~ o3| o 1 Y3 o I 9 =3 a g [ Qaj
NNy 500°C lﬂul')a'l 4 ‘lf')TlN Llaﬁﬂa@ﬂiﬂlﬂuﬁjﬂﬂ'l\i%'l N AUHNYUUHUHTOI A INUU

Q U

b4 < a

o =2 Y [ o Qy =2 A <
s ugduuudiadisusadu 125 MPa wazshsuau llmkiinigavgi 950°C iflunan

U

o a 4 1 @ 4 1
5 92 Tua wamsans1ziladrs XRD voed1unay La, ,.Eu, ,Mo,0, vaumuaa larinnii

1.95 0.05

]
S A

= Y I aa dy .. . . A a 1
Wlaseadrailululundaunniatlion (monoclinic distortion) HALNBLIAYN x = 0.25 WL

= Y I a a J o A a J A T W
Hlaseairailudatin wadimsi lWihfgumgd 650°C Wi La, By, , Mo,0, Ay

J ]

5.00x10° S/cm FaA1genA@IMKAY La,Mo,0, NlAmsii Il 5.50x10” s/em
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Subasri, Matusch, Nafe, and Aldinger (2004) 1aAnyimsdunsiziansuas

Ans1EHeNs (La, Ca),Mo,0, ; 108 x = 0.01-0.15 Wlssuisuiudiunauilaldae Sruaz Ba

a

£ Ay Y Yy a Y ax L. A A Y o 7
Fauganu Inounihil laen3snd13@1673 Pechini asiw3on Iathuusunalmingumgil

U

=< A A 3 M a o o o

900°C uaztHIWtnfigavgl 1200°C tdurar 24 2 1u9 msaanzmdanauniuaa lal
' 9

@28 XRD WuNdmmanii 1l x = 0.05 0.1 0.15 17@ second phase Y8915 CaMoO, U 1Az

[ ~ v 09; ~ Y 9 I a a Y & o v o a 4

arunaunla x = 0.04 mniv 11d Iassaadumrinaudeanis FaduRusAUNaIATILH

m3lasumadis DTA wunaruwaunIal x = 0.04 Tuinafafueaasdansnlasuulauvle

wavosmm i Iihmundunaui Tad sridmsi IldhgenhdruwauiTal ca uaz Ba

o = J o d' =y Y an

Marozau et al. (2004) Mmsanyinin1si lihvesansnaninwssude73

. . Y J
solid-state reaction vlmlﬂ La,Mo, ,;V

1.95

000, La,Mo, W, .0, ag La, ,Bi,;Mo,0, H1&@1581IN N3

Y s

oA a I o 3 o o [
wuaalninguugl 677-827°C Wlunal 10-15 $2 Tue wiownstimsvadivals q as

] v 9 Y 9
e lw Idadeinudenis nasnniuduglFuanTasldussdu 250-350 MPa uazii

a

{ I & Qy @ 1 LY
WINTANYUNAN 967-1037°C 11111787 3-4 F2 TU9 FUNTUASUFNINL AT AUHU UL

Q U

1 a 4 %] 4
89-92% ﬂlmmmwumuuquya Waﬂ'li'Jlﬂi'l3Wl7\|ﬁﬂl@ﬂﬂ'ﬁﬁﬁ\imnlﬂﬁhlclfu@s’l}']EJ XRD
1 1 9 9 I Aa a a 4 = 9 1
wunadundy 18 Inseasradufadn wanisiasizdnisaldeumlaais DSC wu

9 v
drurauianua ldinaiinvesnisulasuutlasssuiu Tasainisii lWihvesnndiunan

= Y A [ d' a d' a o' [ d'd Y =1 o 1
e lndifesiunguygiiqe uangumgiddrunauiiial Taltinisih luihgandt LaMo,0,
Tealdi, Chiodelli, Malavasi, and Flor (2004) ¥im3anyunedfua1n1gii v

YB9A15 (LA, ,0),M0,0, 1a8 A =Na K Rb 11111510380 e1581875 sol-gel naziirdis

0.05

A A Y 7 a < M VA a
masould lwunalsinguugd 500°C 1Wuwnar 24 92 Tue uazimeNgungil 700°C

<3| o a 9 ~ < @ 4 ' 3 o
Wunan 24 93103 tagrngungiiganien 900°C 1Wual 2 dlad sernaimihasnua

U

a

qgj Qy A o [ o 9 o =2 A <3| o
2-3 133 G]fu\j']u1/]51]3u']3J']'Jﬂﬂ']ﬂ'liu']vlw%l']@a\ju'uf]lw'lwuﬂﬂ@mﬂﬂn 900°C Lﬂul’)a'] 24 Glf')TlN

9
TASFUNUHAIIUMTINHEINTAMUHU LN 90% VOIANUHUIMUUNWNGHE HaV0I
1 o R { ' o A 4 <
amsth IlfhwohdrumauiTaddae Na fismsi lwihgenhdwwaududaniios
Y o =2 = [ o
Wang, Cheng, and Fang (2005) lasimsansunedrdunsti liihvesansway
La,, K, Mo,0,, 1A x =0.015 0.025 0.0375 0.05 0.075 A58 A1582835 solid-state reaction

a

uazthansim3 o 1a llwuaa lnifgaivgd s50°C Wuna 10 $2Tus luussoreinialng

U

1 o

4 E4
vauruaa lsiiharsuivaldazideansuildiugyd TasdiFuaulddimsmniin
A a 3 o ' 0 A a
Nguvigil 950°C iWunar 12 #2Tus luusseimaeoima wavesanmsii lihguwgil 527°C
woNauwanIaddae K Tualsum x = 0.025 amsi lwihgegaminy 2.90x10™ S/cm

Tagaaunay La,Mo,0, fininsih Iduiy 7.00x10° S/em
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Tsai, Hsieh, Tseng, and Lee (2005) laanyudernumsi liihvesansmay

La, M,,M0,0, Tag M =Ce Nd Sm Gd Dy Eruaz Yb #1n15:a38ua1502875 solid-state

a

. o A A Y Za < o E
reaction ttaziihasMnson 18 Iwuaa lanifguwgi 880°C 1flurnal 10 %1 Tue andwiians

U

D.

o 4 dg‘ < = a I o Qy
wasumsruaa lninduglupudatazwntinigangil 930°C Wunan 6 42 Tue Fuam

WANUMIENHTNTANUHUMUNNINAT 97% VOINNUHUMUUNNNGBE TAsHIAIAIN
MU0 HUEITEU04 Archimedes Hadn il avosasndumunalanidas XRD
Taelduasdulnsasounundiunaniilnildae Gd Dy ErilSua 10 Tvawlesidud awise
Suamsnlasunlald uazdunasuennng lawsadusamanldeunlaanad naveas
mah lfhwuhasgndurauiing Tadiimnmah lifhganiies LaMo,o,

Georges, Goutenoire, Lacorre, and Steil (2005) "lﬁ’ﬁﬂuuﬁ'mﬁumimmﬁmmz
msiWiwesaswan La,Mo,0, La, Gd,,Mo,0, La,,Gd, Mo, W, 0, La, Nd, Mo,0,
uaz La,,Y, Mo,0, 111151A3 081582875 solid-state reaction uazf‘fﬂeﬁyugﬂéuﬂmmmﬁﬂ

F4 Y 9
arousanuuRaniufeIneuilldadugilsrdnassdronsequminunnignie 350 MPa

a 1

navesa1n st lihmuinguvgiigandiguugil 600°C ynaunaudiailadiinins
i IWdhdndruman La,Mo,0, nanaasguvgiiilszana 500-550°C Arnsitladuy
A A A dgl A o Y = 9 I a a dy 1
Tesotniiannnyy iesninnis ladildasiilnssafraiuasiin nazuenviniinuii
P4
mslalare w i ldensianunumudeanngsard laavu
a 4
Yang, Gu, Wen, and Yan (2005) ANMINTINTENLAZ AT IZH AT La, A Mo,O,
Tas A=Sm Biuag x=0.1 0.2 0.3 0.4 La,Mo, ,W,,0, Uaz La, A, Mo, ,W,,0, 1a8 A = Sm
. = Y ax . . o P a I o
Bi IAT8UE1TAIYIT solid-state reaction mmmmﬂa”lcnumqmwgu 500°C 1Hual 12 %2 T4
A o Aa aov 4 ~ a Id M
ietlosiumsszmevesans luavainesn laauaznguund 850-1000°C 1iual 10 ¥2Tug
1 Y @ [l 9 091} o [ o Y] dgj < 9 @
nazaselmisudiodned q ninduhasvaimswuaa lainsadugduudadions e
4 a Id M Qy 1 T W
10 MPa agtiwiinigavgil 900°C ilurat 10 93 Tue FUOUTANUHU MU WIMAY 85%

a

] a 4 { a
YOINNUHU UMM BT KadnTzimslaowladie DSC Mngangiiosuiguyigl

U Q U
]

Y v
800°C WUNEIUWAY La, ,Sm, Mo,0, Mamnsadudimsnlasume tiesninifafiaveanis
[ 1 1 4 v
waswlan 575°C uadrunauduasadudanislasulea navesarnisii ddimun
1 d' = ) 1 1 d' Y . qa.: 1 s 1

dauwaui Iad Sm fiamai lwihgenidunauin Tadde Bi nagiedosdiunauiiainig
o 1 09.: d' 1 Q(;
1 Ilihgandn La,Mo,0, Mafigsguugiid ez g

Marrero-Lopez, Canales-Vazquez, Ruiz-Morales, Irvine, and Nunez (2005) ANy

= o o = 9 an .
meavumsth Idihwesdns LaMo, W 0, Tas x = 0-2 Tagia3oud15A103% freeze-dried 11aY
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Y v
v =

9 J
Fuaumasugihi hwwiinfigangd 1050 waz 1100°C 1Wunan 5 ¥ Tue wadinssir i

Q U

E4 v 1
YouFununUImnaunaniiaini lihdind La,Mo,0, N¥19gungiige

Fang, Liang, Wang, Zhang, and Cheng (2006) MmsanyufeInun1Tiii v

V0313 (La, A ),Mo,0, %9 A =Ca Bi K Ia8 x = 0-0.075 195 83a1507877 solid-state reaction

a

e A a4y ¢d . y
sazihamsiesou lauusuaa lsingungil 350°C iunar 10 52 Tus Tunsserniaeins

U

oA g M & o g S o o o
uazIaeN 900-950°C 1uan 12 %2 19 W%}fJiJ“VN‘V]'IﬂWTJJW]ﬂ 2-3 AT UV N UUUINY

a

o T | < o = A < &
waumuaa lpimdavugluudatanilwnaiinfigamgil 950-1050°C dunan 12 ¥ Tug

U

waa1m s T ias LaMo,0, 1innsnsz Taavesdnisih lfhiigmung il s80°C
diosnnimamsalaounlaala udduwaniiladde Bi tay K wuhiisinisei Inihdindn
daumay La,Mo,0, taz liman1snse Tanvesainisii luih

Marrero-Lopez, Canales-Vazquez, Zhou, Irvine, and Nunez (2006) RGRELGIIR
fervumsihWihuesdiunan La,Mo,0, (LMO) La,Mo, W O, (LMW) laz La, Nd Mo,0,
(LNM) $M131A3e0a15#28737 freeze-dried precursor uazﬁmﬁmmnma”lcuﬁﬁqmwgﬁ 850

<3| o 1 Jy3 o 9 [ 1 = Qy < o
1ag 1000°C lﬂul')a'l 5 ‘lf’)TlN lLa%ﬂa@ﬂiﬁlﬂu@')ﬂﬂﬂ@@]iT 1-2°C @19 UIN FUNULUINHAUTN

a

! <3| o Qy ] '
N NaMgl 950-1100°C rHunan 5 43 Tu9 FuNuLANUHUITUEINI 98% YBIAIWY

Q U

wudunngei a1nean1n1si llihwudidiunauiniidd Tadiainisi Idihdinan
La,Mo,0, ttaz hitnamsnsz Taavesainai Iddhigasguuglivesnsulasuniaauna

Selmi, Corbel, and Lacorre (2006) MIMIANYUNEIN VAT La,, Ca Mo, Oy

1.92 0.08

A o $ P a
Taein3oua15A107% solid-state reaction tazshias a3 on lauumuna laningumngil s00°C

<3| o A @ a aw J A a
e 12 1 Tus ietlestumiasgimeuesans luavuariveon lediazmaonguvgi 1150°C

a

' 3w a 2 ¢ o : <
TagilaoslMioudraudigurgiives Fuaumuudaihmusniiniguygd 1200°C iHunan

U

) A P ' A a a o o ' ° '
4 1 Tu9 wamsasermadie XRD wunimladluaiin dmsuwavesaimssi Infwu

dIunaw La, ,,Ca, ,Mo,0, ,, in1ms1i luilhgendt La,Mo,0, NF19gaitigil 400-600°C

1.92 0.08

Georges etal. (2006) 1AANYUALITUMNT La,Mo, W,0, 1a8 y < 1.4 taTouens

'
a A

E4 [ E4
A283% solid-state reaction HAZIWINTINFUIUNGUNYN 1100-1325°C 1o IRFUIUHAUMIATIN

U
9 Y 9

BANUHUUUUNINNT 95% YOIANUHUILUUNNNE] NTVuegiulFinamsTal w

U

a 4 1 1 =\ I Aa A 9 ~ 1
pansanzdlanuadiunanmaiuardneniui y = 0 uag y = 0.1 nazravoss
Y Qy Ao ¥ A v 1 a A 4 VoA A a o YA
anwdumu Iihvessunuiiadeniosianduiitaugnuiniomudsua w i ldgean
£4
anwdumu Irldhgetu
. Y o = = [ J o
Li et al. (2007) l&vhmsnyudeanuainisi Iiihvesans LaMo, T,0,

Y
Ta8 T=Al Fe Mn Nb Viag x =0 0.05 93801392893 solid-state reaction HAZIIFUIIU
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< A a I ) a A 9}@9‘
Tilwmiinfigangil 920-1000°C 1Wuan 12 43 Tue lunssemiaeimeng e lguaiy
1 1 a 4 J
HAWH UMY 90-95% VYBIANUHUIMUUNIINGBE Wan15 A5 1zHIdAI8 XRD W1

= 1 = ' 3 A I a a A 24 o o Jo
0, e unauas iU I uAIUN1T0 B-phase FITUHUTAVMA

@13 La,Mo, 5V o5

a d = 4 ' ra A A = =
Ansizimsulasumaais DSC WU La,Mo, .V, .0, inafinfiudasdanisilasume
dmsuwaainisii lihvesdaunay La,Mo, .V, .0, Ng@n Qi 500 wag 600°C TA1n13

a

i Ililhuiiy 1.68x10° 1Az 1.62x107 S/em MWD Fagand1 La,Mo,0, Ngangil 500 1ay

U

600°C NUANUNIND 9.00x10” 1ag 7.60x10” S/em AWAIAY
Jin, Madhava Rao, Cheng, Tsai, and Hung (2007) 18msdnyuneInuans
(La, ;Dy,,)(Mo, W )O, Tav x = 0.0-1.4 1ATBNA1TAUTT solid-state reaction tWILAD Ty 1Tas

A a < o =< A a < o
Nyl 830°C (Huan 10 92 Tua wazimwinNgungil 950°C Hurian 6 2 Tug wans

Q U

a o 9 [ 4 A a o 9 <3 o ] 1
']!ﬂ5'13WIﬂi\?ﬁi’l\?i}ﬁﬂ’lﬂWﬂj’llﬁ@LWNﬂill'lmsllfN W ﬂ$ﬂ11ﬁﬂlu1ﬂﬂlﬂ\1lﬂiulﬁﬂa\1 REATIRN

a v

ms1h IWihhgaivigil 800°C wu La, Dy, MoWO, HiA1n151i1 Irl#unaiy 0.18 S/em ganan

La,Mo,0, H41A 1M 0.08 S/cm

+

Marrero-Lopez et al. (2007) 1adnmyunedfiuas La, A Mo,O, ; Tag A = Ca’

2-x" X

4 { a 1
s’ Ba” K I938NeNIUVY freeze-dried precursor tHuAa laiasgaivgil 300°C uazimiae

{ a I ) a a
Wgangil 600°C 1Hunan 5 42 Tus wansnsizilade XRD n1531A518H TEM 11ag DSC

]
S 1

WUNAFIUNEY La, A Mo,0,, HIA=Ca St Ba K Iagx>001 ldlassairaiufaiin

2-x" X

9 Y 9
= v 1

9 E4 v
vindwhyuauhilimswwiinigamagil 950 1050 tag 1150°C MNAUADAIUHTNVDIAS

A J

Qy = ] 1 1 -d'-d \ o d! =
TagFuauiianuruuduinnni 95% daurauiiiainiati lWihgegane La,Mo,0, el

9 ]
a S 1 A

19110 0.08 S/em Mgl 700°C wonntidiuwaud Iall sr in1si Idhgandida Talou
TagliAuvIny 0.06 S/em NgaIKgil 700°C

Q U

Subramania, Saradha, and Muzhumathi (2007) MMIANY NN VT HE Y

9
La, Pr Mo,O, Tae x = 0.2-0.8 IMTIATONT1TAETT pyrolysis polyacrylates precursor 911 nu

v 9 E4
a

0 I o3| o o o A
u’lﬁ’liulﬂlw'lllﬂanlcﬁuﬂﬂmﬁﬂﬂ 510°C lﬂul')a’l 5 “lf')IlN ‘lu'ﬂiiﬁl'lﬂ'lﬁ@'lﬂ'lﬁ AMNMUUUITUITU

Q U

= A a J o A v = ' '
Tilwwiinigangll 800°C 1Wlunal 4 91 Tua e IHFuILTnNur I UNINNTT 98%
k4
] a 4 ' v [
YOINNUHUIUUNNNGBE N153AT12H A28 DSC wuIms Taddae Pr liawnsadudenis
= Y 1 a ? o v ! e 1
nasunauda’ld dauran1sInzyiign1ndie XRD WU solubility limit ¥4 Pr 11 La

aunsounui Idgagai x = 0.7 Tasnavosaimsii lwihwudndrunew La, Pr, Mo,0, Wiy

a

0.165 S/cm F3gIn31 La,Mo,0, NTA UMY 0.12 S/em Ngmuni 800°C Tasanisiii vl

U

o aw A 9 Y Y F4 =
YoIiagannuItennadu 1asusan 3 luased 2.6



a15190 2.6 A5 liihvesiagszuy LAMOX Ngaingiia o

U

druwdy gutifil (°C) At 1w (s/em)
La,Mo,0, 500 4.60x10"
800 8.02x10”
La,Mo, W O, (W = 15%) 500 1.77x10"
800 6.04x10"
La,Mo, W O, (W = 50%) 500 9.33x10°
800 421x10°
La, Sr Mo,0, (Sr = 5%) 500 1.20x10°
800 6.03x10"
La, K Mo,0, (K = 5%) 500 1.40x10°
800 5.65%10"
La, Ba Mo,0, (Ba = 10%) 500 8.56x10"
800 2.74x10"
La,Mo, Cr0, (Cr = 50%) 500 5.42x10"
800 9.98x10"
La, Bi Mo,0, (Bi = 5%) 500 2.05%10"
800 6.96x10"
La, Bi Mo,0, (Bi=15%) 500 1.33x10"
800 2.22x10°
La,Mo, S 0, (S =20%) 500 1.01x10"
800 4.81x10°
La,Mo, V.0, (V = 2.5%) 500 3.00x10°
800 5.20x10°
La,Mo,0, 650 5.50x10"
La, ,.Eu, ,;sMo,0, 650 5.00x10”
La,Mo,0, 527 7.00x10°
La, ,.K,,sM0,0, 527 2.90x10"
La,Mo,0, 500 9.00x10"
600 7.60x10°
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15191 2.6 mmai Iihwesiaaszuy LAMOX Ngamngiiang (7o)

U

druwdy gutifil (°C) At 1w (s/em)
La,Mo, ,.V, .0, 500 1.68x10”
600 1.62x10”
650 2.40x10"
La,Mo, ,.Fe, ,.0, 650 2.90x10"
La,Mo, ,.Mn, ,.O, 650 9.40x10”
La,Mo, ,.Al, .0, 650 2.20x10"
La,Mo, ,,Nb, .0, 650 1.10x10™
La,Mo,0, 800 8.00x10”
La, .Dy,,MoWO, 800 0.18
La, ,[Dy,,MoWO, 710 7.70x10”
La, .Dy,,Mo0,0, 710 0.27
La .Dy,,Mo, W ,O, 710 0.20
La .Dy,,Mo, W O, 710 0.12
La .Dy,,Mo, W O, 710 0.10
La,Mo,0, 700 8.00x10”
La, ,Sr, M0,0, 700 6.00x10”
La, . Ba, , Mo,0, 700 4.00x10”
La, ,Ba, Mo, W, .0, 700 1.50x10”
La,Mo,0, 800 0.12
La, ;Pr, ;Mo,0, 800 0.165

o
[ v W 1

a S A 12 = o 1
NUIYNNYINUVITA LAMOX ﬁ’JUlWﬂJﬁﬂHH‘WENﬂWiIﬂTJm‘WWZGHL!WHQ A

Q

B4 9
" o 1

A Aav A 9Y o = 1 g o ]
59 B iy aruluauiddedl 1dinsanuinavesns ladsrunaludmvis A uag B

=~

9
L4 o =

o Y =2 A 1 9 o ' &£ o 9 o
ansda lasimsAnmansumuinuidiued zr i ) ludumiaves Mo aeda liligiinis

D DD

AH1IVY



3.1

UNN 3

AaA o =) ;a W
IHAUHUNIFIVY

~ A A~
fn'i!ﬂ?»l!!ﬂg!ﬂsaﬁﬂaﬂimui’nsﬂﬂﬂaﬂ

~ A 9
a135199 3.1 ansainlslunisnaany

Uszianes Fomsinl gasiadl | aawuSand Awan
a3 é'?qs?fu Lanthanum (ITT) Oxide La,0, 99.99% Johnson Matthey

Strontium (II) Carbonate SrCO, 99.90% Aldrich

Molybdenum (VI) Oxide MoO, 99.90% Kanto

Tungsten (VI) Oxide WO, 99.00% Kanto

Zirconium (IV) Oxide 71O, 99.00% Kanto

Niobium (V) Oxide Nb,O, 99.90% Kanto
AINaN NMUDA C,H,OH 99.80% Liquor Distillery

Organization
1319 3.2 13 eeileR 19 unsnanes
gilnsal Anan HUL/U
Hydraulic Press Carver 2702

Cold Tsostatic Press (CIP)

Convum Corp

CIP-50x2000

Simultaneous Thermal Analyzer (STA) TA Instruments SDT 2960
X-Ray Diffractometer (XRD) Bruker D5005
Scanning Electron Microscope (SEM) JEOL JSM-6400
Impedance Analyzer Solartron SI 1260
Multimeter Hewlett packard 937A
Dilatometer Netzsch 402
Vernier caliper HUUATIADA Mizutoyo CD-20CPX
Lﬂ?@ﬂ‘]‘?ﬂ Denver Instrument TC-254
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~ [ qul an = o csy
1319 3.1 ansoutaiuduaeunazIsmMinaaed lagaziden Gail
321 MISASENAIAI0ENS
INTUUNIDYNIAVDIAT La, SrMo, W MO, (M=Nb Zr) Ias x =0 0.1

021azy=0 0.1 02 0.3 1.0 1.34az z=0 0.05 0.1 0.2 A2837 solid-state reaction 91NN3

a

s s o o o {
W’ﬁll’ﬁ'li@@ﬂhl"]fﬂlmgﬂ'liﬂ'ﬂluﬂ"ll'ﬂ\?ﬁ'lﬁ@]\?ﬁglju Tﬂﬂmmimnmaulmu L21203 ﬁqm“rmu 1000°C

U

< o A 1 dy J J o o Y J
l“lJLl!"Jﬁ'l 5 “lf"JIiN !,WEJUlﬁﬂ'Hll"]fuLl,ﬁgfﬂiﬂ1§'1JE]L°L!G]§J§Jﬂﬂ@uunﬂ%ﬂﬂﬁﬂﬂﬂﬁ'ﬁﬂ’ﬂﬂi%ﬂ

! o

a A @ <3| o a
siadumMudadIu imsuanauiuna s $17ue drsenmuealuvianaiadn high density

A J ~ A Y | j’ = [ oaj ) AN Y o
polyethylene NNgNUALEDS Iatiie tivo 1Nl uio@ediy Mnuhasi lavasuanay

a

Y A & o
WOUURINgUNN 120°C 1 uran 24 %2 Tua

Qd‘ d [y ]
322 mIavgeugungiiminzanlumsunalsiineieds
) [ A o Y o Y k4 o a 4 P
HITI0gNFuNTIEH Idndanneuuradl il amsgdguug iz auy
P Y ' ° i a P
Tumsruna lsid1einT99 STA (Simultaneous Thermal Analyzer) NoUH UV UATOINATIZH
Tamaiodeasludaelanaiied1esiininezgiiun (alumina crucible) taz lda1sunsgiune
A v ! o T Ay =& S =2 o W o ] '
peozglurasludieldnedledredndlgnils antudahdiensaeud lsuunnuaig
4 a 4 a [ 1
Tunsesns 1z Tasnaaouanguugil 100-1000°C A188A351113 19AIWTOU 10°C AoUIH
9y a Y o Aa aa 1 ~
mealdussemeainieilng Tasleoasins lrnaveseinie 100 Taaansaeun
323 P15ASIAOUANHUIRNIZUDININIDENI
3.2.3.1 MINTIVABLIHNIAVBINIAIVENS
@ L A 4 =) 2 o
HaA9g19NHIuNTIIuaa lsiitazuaazdeaudlnii lasrnaen
@ 9 A [ dy v aad 4 L A 1 14
IPNAAIYATDIIANITLAYIUUUVDITIFLD DY (X-ray Diffractometer, XRD) LW?J‘V]@]Z‘T@U’J”@LWH
{ 1 o a :(qul 1 1 o a d o [ [l [
@eraudaInsnauiil linszvuaeuas 1 Aouiinsiasizwiimedlegaldaslylu
n5oU1aMIAI9619 (sample holder) taznaliBsuiiuwaueiuAIenTLINEIMTUNANIA 1081
o ¥ A a ¢ w ~ o a P Ay Yo =
paziudunToa T zna gl 3.2 Tasiinisianziigungiiielag14359d Cu Ko tag

] { [ A [ a o a L ]
%29 20 71 20°-60° AWTATINITINY 0.02° @9 0.5 N TasvaLiIINTNATIEH 1Fusau Tnfla

AU 40 KV HALAINTLUE 40 mA
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3.2.3.2 msasaasumsilasumlaurla

I ] zi ] 4 9 zi Y 9 o

NI NFHIUMTLAa 1aiuay Il aaeraudosnisudaii

zi Y =é U o 9 =é a 4 [ [ L]
a9 aouMIlasaueaa1sanIod STA Tagno Ui nd I e ATILy ladHIA10814

~ 4 9 1 @ 1 A o a [ A A
dosminadovasludieldnidredaiininezgiunazldamsuinsgiune weozgiun
] ' o T oAy £ S o w & ] ' A a P
Tudeldnadieg1adndreniia antiuiidrensaeadt lsuuunuielunse g v

o a 4 a [ 1
Tagi1n15 A5 1z W INgUNYN 450-650°C A188A31N15 THAWS o 10°C Apuil n1eld
yssemaeInalng Iasldsniins lvavede1nie 100 HaaaninouIN F91ANANITNATOU
= =) dgl 1 1 3 =) d‘
WnNUNANavULaaINaIuNauiunamsasunlaasla

324 NIATIVAOVAVOINTIATUYDI 1000 UUIN

[

{ o o o {
MINFUATIEH A AR IUMTINAR ez laaifernudeanisudn

i lasnaeumvesnFiadudlematin XANES (X-ray Absorption Near Edge Spectroscopy)

{ v Ao a 4 1 o w ]
o 7010 15NAa09N 8 01T UIVBUFIFUTATATOU (BIANITUHITY) lagneuiInl10814
9 v = ' a ° A 9 B '
[WnageuIzAoun s suurusunarganuaziiuny kapton AAAIUUATUHHIVOILAULNST U
~ I [} A ~ A 9 [ ] 1 1 ~ ~ ~ 9 A g ~
Mziluresdvasuiud wazldnadlognsaslusesdimasuonauniiuniiuazinaens

I 091} o o 3 a % o 1 ) 4
T udunie 9 Sevatiuavery 11n17uldiny kapton Yaivvudlediaudriuduaies

A o a ¢ o = 0 a @
eI IasIzn deuaaslugali 3.3 Tagin13ns121is19 Mo uaz Nb lumsiszneou

A A o ¢ ] o o A v oA o
Tl“lf’;ﬂﬂﬁﬂﬂﬂﬁlﬂiﬂﬂi L (L -edge absorpt1on) ﬂ']ﬂigﬂﬂjﬂﬁlﬂﬂﬁjmﬂ'lﬁ@ﬂﬂaTJifofo]ﬂ“]f

111 111

HUDNZQHIU (transmission mode) M8 1AUTTEINIADINIA TUn15UTUIROUNS 991U (energy

calibration) 19 Mo-foil 1182 Nb-foil 1a8 Mo L, -edge fim3iaalnnsy XANES H3andeau

111

2490-2590 eV §1115U Nb L, -edge TANYINGINU 2341-2441 eV 1¥@1fadennasuuas

111

(monochromator) S InSb(111) LL‘U‘UNﬁﬂ@: (double crystal)
325 msvugl

3251 msvugillaamsdannia

o s Y = Y o
W\iauﬂ’]ﬂ"U’f]\‘lﬁ“liWa\iW'IUﬂ'lilN'lllﬂaulclfu%vlﬂ!?‘lﬁlﬂﬂ:]uﬁ:]u'lll'l
o : o 4 o 091} ] I ) [ Qy <
Glf\iu'lﬁuﬂél}']ﬂ!ﬂgaqalf\? ﬂTﬂuuu55ﬂW\j@iéﬂ']ﬂa\jclullﬂllﬂﬂlﬂaﬂﬁ'lwiﬂaﬂ%uq'lulilﬂﬂallllllu
A Y o [ 1 0 9 ' < ) o
lW@l%ﬂWWiU’J@ﬂ1ﬂ15u11ﬂﬂ1lla$ﬁiqﬂﬁ@ﬂiﬂiQﬁi’l\‘]ﬂaﬂ']ﬂ UaguyiyuLtvianaivsy

E4 Y
v A v =

= A Ay A Y o [ A o A 9 [
@ﬂ“lfu\i'lullﬂﬂl,iﬂqalﬂaﬂllNuN’llwaclalfa'lﬂﬁﬂ')ﬂﬂ'lﬂ'lﬁeufJ’lfJ@')lu@Qi]’lﬂﬂ']’liJi@u Iﬂﬁlaﬂﬂlugﬂ

Y A @ a . Y @ I a =
fenT0Ion lansoan (hydraulic press) A8LLTIAY 50 MPa Wural 10 3un
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32,52 msoavugluuuldanudumugniiama
o Qy d' ] LY 42/ 9 [ dgj [
WFHOUNHIUMITTEI YYD 3.2.5.1 MBaTUIIuUUAINAY
] 9 I v
IMAUNNAANI (Cold Tsostatic Press, CIP) 4101304 CIP DnATUNDINNANNHUILUULAY
< yo 2 . o ¥ A vy o4 " 9y o
AN ldnuruan Tasnousiudunaies CIP 9zAphyunuuNHoRuA18998190 110 Y
] 9 b4 [ ] )
otlosiululdguaugniuilonsinveunainedgnielumnios cIp uazldilugaeinis
C20 [ Y Aa o ¥ A 9 o 3 ~
panIINYueNeIsnausatlaliainuaztinduasedlasldusadu 200 MPa 1lunal 5 w1
32,6 DISNINED
9 v Y
Fuaundunseaduglende 3.2.5.2 W lddmsmniindroa el
= a J < Y o ¥ v ' a v
Ngangi 1100 tag 1150°C 1Wunal 3 $2Tus Aredas1ns liausou 5°C aaurn mala
E4
vssomeemalng neuti 1 iaaimsii liihuazasivaeuTassadsganinuesduau
y 2
327 M3503900U1A3383 19900 V0ITUNY
E4
FUIUUAIRIUMSIHIRT LA 1uIAs 19 deudanbaz Tnsead1agania
Ja 1 1
@Q’II’Jﬂﬂéjﬂiﬂaﬂiiﬁuﬂmﬂﬁﬁﬂmmﬂﬁ’ENﬂﬁﬂ (Scanning Electron Microscope, SEM) ghlgﬂﬁ 34
= @ 1 ' o 0 2 [V = v A 9
uaaansmsonaledenouiit luasvaen TashFuaundsdiunamniin lddanini
9 4 = 4 = Y 1
arwnszaENTIenwes e lisudutesazides laun 100 180 360 400 800 1000 1@z
o v o ¥ A 9 2 = 9 o
1200 MUAIAD 1azHIMITARIMINFUNULVUALIBIAA IWHITANTTUUIA 6 3 1Az 1 pm

Y 2 v L A - A 4 2
TagazADINIAINTLDIATUIIUAIBIATOIATUALINOUAAUAIINDGA (ultrasonic) 1)NATI

]
~

{ 4 4 @ { 1 a 4 v A Qy
Mfasuuesnszaenenaznunys iievineymaiinizeguurniosn WedarI 31U

Ay Y = o & o L b= ) v v . 4 quy a
FeuFeondrvahduau lldinmsnariniTaeldn1usou (thermal etching) ¥4 1dgmuugil

U

a

o v g Y = 1 < Y o ¥ Y

angurgin el umsminin 100°C uazmuandlunan 2 91139 A189a31113 1HANNTOY
9 9

s5°C aoui Meldussermaeimalnd wagnaenniuihFuauMuEIAIeneIne Ui

A a 4 o 1 9 A o w J 9
115939210312 R TagninisntegdInsaadaganianiiaavers 1000 tag 3000 111 Taeglds

ussau T 20 kv meldgannia
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328  msaseasummarinlithvesruau

Qy A =] Y o [ ' ) 9 A v a A 4
G]fmm°nmuﬂmmwumm’mmnﬂmmam”lﬂﬁhmmmm’mauwmwﬁ

[

A 1 o 0 Ay nsz’ 4 o o 3
a1317 3.5 TagnowihwmaaeuszdoniruauuIMIAIenssnaesd o uduag

a

0 A < ~ g o Qy ~ 1
i lrngungil 8200C Wunan 15 Wi nintnhFunuidesmsasiadou ldly sample

U

holder fauaaalugii 3.6 ¥4 sample holder UsznoudesirTaganigidiu thermocouple wiin
K uazaaunandiui o 2 § dmsuieuse lfuaiosTnduiinaudiiie fam edauate
vesamdasuLRanmudie 1T s deude iU saead v sF U Aeums Jam
111 sample holder 11/219Twa WA uune (tube furnace) uazﬂ’Ji’nﬂﬁ’gffymmagidmﬂma

@ 3 o A 1 J A [ @ A o 9 A d
VBIUA ﬁaﬂﬂ’lﬂuu‘ﬂ’lﬂ’lﬂﬂf@ﬂﬁ@@ﬂﬂiﬂlllﬂ&ﬂﬁ'ﬂ\nﬂ muﬁﬂﬂugﬂﬂ 3.7 Tagtinduadanilu

o

4 1 o o Aaa S A o a ) o a o
thermocouple Ladb’@llG]E]ﬂiJiJfWIlILﬁ@i!ﬁﬂ?ﬂ@ﬂ!’ﬂgﬂﬂWﬂlu!Wl AINIUAIAUNANAUNITUIY

Y o

9 A [ 9 o A (% " A = L4 i 1 A [ = 4 A
413U 1B UADIIINUIATOITIAA DN NUAUF LA IFOUADIATOITADUNUAUFUINULAT O3

a 4 9 q’j 1 [V V& o [ T 9
AouN A3 1aelyTUsunsy Zplot lums@asAazMsian1 99211111599 1AUATUNIY
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19 ALO, thermocouple

v E4
317 3.6 dnbAEUDI sample holder 1Az 13 TarUIIY

tube furnace /

% | nasu¥euay

Q]

sample holder| ¢ ¢ ¢ ¢

A v a A -4
ATDIIADUNLA LY

~ a Qaj A 1 4 @ 1T a A -4
i“lJ‘VI 3.7 ﬂ'li@ﬂ@]\illaglﬁlfﬂhﬂﬂﬂqﬂﬂimﬂﬁ’Jﬂﬂﬁ)iJWl,mu“]f

u

329  MIATIVADUAINITVLNYHAUDIDINANNTDUUDITUIY
Qy 1 d' d' A 9 [ =1 ! d'd U o dd‘
Glfuﬂ'lullﬂﬂll'i/l\‘i’ﬁlﬁaﬂllF\I‘L!N'I“YTQQLN'INHﬂﬂlﬁ]\?’ﬁﬁluﬂﬁﬂﬂﬂﬂ'lﬂ'lﬁu'lblw”m'lﬂ'i/lq@]
° [ o 9 . 4 § . o
HIWINATDUAINITVYIYAININAINITOU (thermal expansion) RRIGEGH dilatometer 1A8311013
a g = Y @ 9 9 v = 9
mﬂaammqm‘ﬁﬂnwawum 1000°C ﬂ?ﬂ@@]i'lﬂ'li‘lﬁﬂﬂ]'miflu 5°C 9UIN ﬂ'lEli@]‘]JiiEl'lﬂTﬁ

U
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411  MOANZITINNNToU

d' a 4 d' a 1
719 4.1 uaz 4.2 naawan13AAIIZHNs) AU aUNUTLH MM

VBIATHAY La, ;Sr,, Mo, W, Nb, ,O, ; 1ag La, ;Sr, Mo, W,  Zr, O, . MUAAY HAIUANTY
HAZDULHA
201 0.4
1.5 ]
f -0.3
1.0 |
o r =
< 0or S
= i =
< : -8
05 101 B
-1.0F — ]
r =10
151
_ L L ! ! ! ] -0.1
2'00 200 400 600 800 1000
Temperature (°C)

3101 4.1 wa DTA vosaswaudlfa3on La, ,Sr, Mo, W, ;Nb,,0, .
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91AWA DTA Y9IdIWEY La, Sr, Mo, W, ;Nb, ,O, ¢ Sa3Uf 4.1 wuhiiaves
aungiinal§aseregilszinm 360 uaz 540°C Faduiussunmninlfaseraaisds
voauauninleasenlad (La0m),) liiflunauniinleasenledonn lad (LaooH) az
malgnsnmsaaedrvesaunniuleasenlodoon lud lihfunaunnivesn lad (La,0,)

(Neumann and Walter, 2006) AUAIAL 1UAGINVNA DTA VYDIE15 La, ,Sr,, Mo, .. W Zr, O,

1.75 77 0.15 9-8

a

Tugilfi 42 wm1Wﬂmmamwﬂmﬂ@ﬂgﬁ§ma§ﬁﬂizmm 360 uaz 520°C FarifulddAoudng

U U
9
[

Y o o o Yy I Y 7 VA A
NAAYINY AIUU wa‘n"lﬂui]zumﬂmﬂueuauua1uﬂ13quma"lcuuuazmnwwqmwgu

—9

malnsen vazldiumsmienasyndrunay Tagldoasinmaiugungl 2°C aoui

).

AA o VoA Y o dgj [
QUNHUNN 'lﬂ'lilNHL‘]f@ﬁJ‘Vll]i”iﬂm 340 1ag 500°C uaﬂ%nmﬂiwmm 1-1% “lf’JIiN VUNU

o D

=n

uivesfinuazSinavesmsiildim Silmneradimanily 2 49 Tue fufFasennwa

De

DTA @ugaigaungiaindi 800°C uamsiuaa lasingangidinii 950°c luawnsa ldmla

3

AN v Y

Y o o 3
nianvaziAeIny La,Mo,0, mitmunaa lnideduiludesldgangh 950°C drvisudrundy

U SrH30 W uawmuma"lqmdamwgﬁ 1000°C f5UASHANTIAY Zr B30 Nb HazzAo9

E]

A a
Nnie

imsvaazd el g a R aedns

50— —— —— — ——0.20
4.0}
- 40.15
3.00
- < +0.10 (-?
S i =.
o 20p s
< ! =
i 40.05 o
1.0 —
I —_—>
! 140
ol
-1.0 S Y R B -0.05
0 200 400 600 800 1000
Temperature (°C)

710 42 wa DTA vosssnawuildia3on La Sr, Mo, W, Zr, O, .

1.75 77 0.15
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412  Tgmavesmswnasnnwunala
= = = o ) o ¢
511 4.3 89 4.6 uaAIWaMANEIININAIY XRD vosenInasnInELAa la]

Ngungi 950 g 1000°C

=

S|

g ’J(ﬂ)ﬂ JLW_”)L l‘. J\ A, 'Ihl.l.!,.}i

E WG ) Nooliesss oo e B achy
SRC) N TR T
- ()] l N A W Y

’A.(GU.) JW
™) e b

20 25 30 35 40 45 50 55 60
2-Theta (degree)

51 4.3 wa XRD vosmsnasnnmuaa 14nin 950°C : (1) La,Mo,0,

u

(V) La,Mo, ,W, 0, (A1) La,Mo, ., ;\W,,.0, (¥) La,Mo, ;W ,0,

1.85

(¥) La,Mo, ;W 0, () La,Mo,, W, ,O,

wnwa XRD Tug1lii 43 wuhasudsnmuaa lsigadumauainsaia
Fumladen|fuazdgluuuiinfideandesiu LaMo,0, Tasmuidy widh lunufinnadau
Tudumiaves Mo aunsaiin 18w 65 Tuanlesifud LaMo,.w, 0, Tasi lifa
second phase $u ifosnnivinavesleseulndifeetuinn (vualesouuess Mo™ =0.59 A
1ag Mo" = 0.60 A) (Shannon, 1976) 1ugﬂﬁ 4.4 159Tadde s lusua 10 Tuanlesidud
(La, (Sr,,M0,0,) WUNA second phase Y93@13 SrMoO, Lﬁﬂﬁld;}u ﬁaﬁﬁmmmﬁu solubility limit
dafu Seinsdn dudidios s TvanlediFud (La, ,Sr, Mo,0,) te 1 I&laiRervesans
LaMo,0, uenniinis Tad w lu5ine 7.5 Tuanlediud samdh ) ludrumaniis se

a < [ o <3| ! o
TulSua 5 Twanlesidud (La, ,Sr, Mo, W, .0,) Ssanunsaim Idiilumaned 1dndarunis

0.15

a

7
wuaa lingamngil 950°C

U



#= second phase

@) uﬁ ,MJ\JwLL

() L,Jk 5 s N
() | \ J\ kot
TR S R

20 25 30 35 40 45 50 55 60
2-Theta (degree)

Intensity (a.u.)

511 4.4 wa XRD vosmsnasnnmaa l4nin 950°C : (1) La,Mo,0, (V) La, ,Sr, Mo,0,

(7) La, Sr,,Mo,0, (3) La, ,Sr, Mo, , ;W O,

1.85

#= second phase

Intensity (a.u.)

()

(N

20 25 30 35 40 45 50 55 60
2-Theta (degree)

51/ 4.5 wa XRD voamsuasnnwnna lanin 1000°C : (n) La,Mo, ,.Zr, .0,

1.95770.05

W, 521,00,

1.75 77 0.15770.1

(v) La,Mo, ,Zr, O, (7) La,Mo, W ,:Zr, ,;O, (3) La,Mo

(9) La, ,Sr, Mo, ,Zr, O, (R) La, ,Sr, Mo, ..W .Zr, O,

0] 1.75 77 0.15770.1
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» = second phase
@

A/ J M JL Y, T _Ju{:,}\«‘.l O LN
o) 4 A

el f
L () ‘AJ oo R J PO |
L (ﬂ)k .JL_J\ e e it ‘ ﬂ\ B ]

20 25 30 35 40 45 50 55 60
2-Theta (degree)

Intensity (a.u.)

511 4.6 wa XRD vosmsnasanmLaa lanif 1000°C : (1) La,Mo,0,

u

(v) La,Mo, , ,Nb, , O, (A1) La,Mo, Nb, O, () La,Mo, ;Nb,,O,

0.05

() La, ,Sr,, Mo, W ;Nb; O,

Tuzl 4.5 wudimslad) zedn Tdununludwmisves Mo ans oy
-4 4 4
Tageqaniios 5 Twanlesisua (La,Mo, ,Zr, 0,) 1o 17 ldl@ReIvead1s La,Mo,0, 1tazn1s

wudr Tatvaredndondu dred1asu Tudiumay La,,Sr, Mo, ,.W, Zr, 0, N1 1diAa

J { 4 a a s 3 4 '
second phase 18418 1317 4.6 1loiAy Nb Usuas 10 Twanlosidud (La,Mo, Nb,,0,) W11
a 4 v o = a Y s 3
1N9 second phase D915 LaNbO, U AU e w150AN Nb 1Al 5 Tuarlosidud
(La,Mo, ,Nb, ,0,) tiNe 1% Idilaidermudesnis naziswdersunumsian zr Usmanis Tadl
A A dg‘ a o v 9 o o Y a 2 dg‘ v v ]
Nb Muduazmsauda Talvaredanieunuagiih1ving second phase Tad1edu Arvd1amu

[ 9 a a 9 1 W S < 4
AU La, ,Sr, Mo, W, Nb, .0, 18iaziaiu Nb TulFuiadesminy 2.5 Tuanlesigua

0.15 0.05

T A 1 3 Y o Y a
uattle991niin1s Tadlsawns Sruaz W dhli 991191iAa second phase U994 SrMoO, 130

[ Y a A a < I
LaNbO, 1dd1e1en1niin1siay Zr uaz Nb sgdeunugunginawiuaalsiiu 1000°C uag

v 5 ° S A qougy a4 o P a 2
dvsuaduazih llsnvarensuie 14 Idmaaer uazmindimswunaalaningurgigadu

U

' dy 0 Y o S A I ' a @ IS Y <
UINNIU %zmﬂwaﬁwaqmmﬂa"lmumeaamﬂumamu mﬂmigmzﬂmﬂuﬂamm
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42  mafasumdaarlavesans

a

¥ Y ' '
wesnnassiainansaswaain IuTuaain lidluaadinie hargilszana
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La,Mo,0, La,Mo, W, .0, La,Mo, .W,.O,
300 1.29x10° 7.95x10" 8.00x10"
350 6.27x10° 5.58x10° 5.83x10°
400 2.60x10° 3.26x10° 3.41x10°
420 4.19x10° 6.32x10° 6.26x10°
440 6.95%10° 1.59x10" 1.44x10"
460 1.20x10" 3.54x10" 2.94x10"
480 2.12x10" 7.94x10" 6.57x10"
500 3.04x10" 1.68x10° 1.38x10°
520 5.03x10" 3.16x10° 2.88x10°
540 9.34x10" 5.44x10° 4.65x10°
560 8.58x10" 8.69x10" 7.58x10"
580 1.83x10° 1.25%x10° 1.13x10°
600 2.55%10° 1.76x10" 1.62x10~
620 3.26x10° 2.28%10" 2.10x10°
640 4.03%10° 2.97x10" 2.65%10"
660 4.56x10" 3.42x10° 3.07x10”
680 5.20x10” 3.97x10” 3.59x10”
700 6.10x10” 4.66x10" 3.99x10”
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La, ,Sr, ,Mo,0O, La, ,Sr, Mo, . W, O,
300 7.61x10" 8.93x10"
350 5.61x10° 5.20x10°
400 3.22x10° 2.83x10°
420 6.38x10° 5.91x10°
440 1.54x10" 1.33x10"
460 3.89x10" 3.50x10"
480 6.26x10" 6.28x10"
500 1.44x10° 1.37x10°
520 2.37x10° 2.59x10°
540 3.99x10° 4.33x10°
560 6.71x10° 4.71x10°
580 1.14x10° 7.10x10°
600 1.49%10° 1.50x10"
620 1.88x10~ 1.92x10~
640 2.22x10° 2.51x10°
660 2.71x10° 2.93x10°
680 3.18x10” 3.54x10°
700 3.55x10" 4.23x10°
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La,Mo, ,.Zr, O, La,Mo, W, .Zr, O, La ,Sr, Mo, W, Zr, O,
300 1.45%10° 8.27x10" 6.90x10"
350 6.64x10° 5.86x10° 5.00x10°
400 2.89x10° 3.84x10° 3.21x10°
420 4.01x10° 7.38x10° 5.50x10°
440 6.78x10° 1.94x10" 1.19x10"
460 1.18x10" 3.84x10" 2.79%10"
480 2.05%10" 7.80x10" 5.42x10"
500 3.88x10" 1.47x10° 1.15x10°
520 5.12x10" 2.80x10° 2.16x10°
540 9.36x10" 4.75%10° 3.87x10°
560 5.18x10° 6.99x10" 6.44x10°
580 1.70x10° 7.35%10° 9.27x10°
600 2.33x10° 9.21x10° 1.27x10°
620 2.96x10° 1.02x10° 1.70x10”
640 3.78x10° 1.10x10” 1.92x10~
660 421x10° 1.66x10~ 2.29x10°
680 4.78x10" 1.74x10° 2.94x10°
700 5.25x10" 1.98x10" 3.68x10”
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350 4.41x10° 5.03x10° 3.71x10°
400 1.82x10° 3.08x10° 2.28x10°
420 3.05x10° 6.21x10° 4.51x10°
440 5.12x10° 1.45%x10" 9.49x10”
460 8.61x10° 3.68x10" 2.23x10"
480 1.51x10" 6.07x10" 426x10"
500 2.37x10" 1.25%10° 9.24x10"
520 4.13x10" 2.65%10° 1.76x10°
540 5.01x10" 4.55%10° 3.03x10°
560 1.23x10° 7.02x10° 4.92x10°
580 1.32x10° 1.07x10° 7.31x10°
600 1.71x10° 1.51x10~ 1.04x10~
620 2.16x10" 2.17x10° 1.38x10”
640 2.55%10" 2.52x10" 1.77x10°
660 3.14x10” 3.13x10° 2.19x10°
680 3.57x10" 3.88x10” 2.55%10"
700 3.81x10” 4.34x10" 2.87x10°
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680 4.10x10°
700 432x10°




MANUIN A

a A Yo 1 =
Wﬁ\‘ﬂ1«!7”\‘]’3‘[”fnﬁ‘n"lﬂﬁllﬂ]i!Nﬂ!!W§1u§$ﬁ31QﬂﬂH1



L unadIdSumsainn

Witoon Thepsuwan and Sutin Kuharuangrong. (2008). Effects of Sr’" and W* on Properties of
La,Mo,0, ;. Journal of Metals, Materials and Minerals. Vol.18 (2/2): 125-129.

Witoon Thepsuwan and Sutin Kuharuangrong. (2010). Properties of Laz_XerMoz_yWyO%
Oxide-Ion Conductor Synthesized by Citrate Gel Method. Advanced Materials
Research Vols. 93-94: 509-512.

Amsd mwgasTel uay giu guSesed. (2551). maduanzrtazinszimsiihesn ]y
looou La, Sr Mo, W NbO,, Mid1sIngrnansuazinglulad uminerde

PMIETAN. RUVNIAY: 229-235.

2. MIUUTHINANY

Witoon Thepsuwan and Sutin Kuharuangrong. Effects of S’ and W on Properties of
La,Mo,0, ;. The 5" Thailand Materials Science and Technology Conference. September
16-19, 2008. Bangkok, Thailand [1inauediaTmaes]

Witoon Thepsuwan and Sutin Kuharuangrong. Study on Sr and W doped La,Mo,0, electrolyte
as SOFC materials. Siam Physics Congress 2009. March 19-21, 2009. Cha-am,

Phetchburi, Thailand [Yiua1o@7872191]

Witoon Thepsuwan and Sutin Kuharuangrong. Properties of La, Sr Mo, W O, Oxide-Ion
Conductor Synthesized by Citrate Gel Method. International Conference on
Functionalized and Sensing Materials. December 7-9, 2009. Bangkok, Thailand [V guo
Y
f282191]

a 4 J a A v d a d v o

IN3Y INMNFITIU LUAS FNU AUUITDITON. fﬂ5@'\1!ﬂ5131’1!!@3]5?]5131’1@'156]3“169ﬂul"‘liﬂmli’)i’)i’)u

E4 1
La, Sr Mo, ;W NbO, . UH1INGIAONHIAITAINING ATIN 3. 6-7 NUBIYU 2550.

umensaw, Uszmea lne [reuedie191]



110

Journal of Metals, Materials and Minerals, Vol.18 No.2 pp.125-129, 2008
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Abstract
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Properties of LaySr,Mo,,W,Oo.; (x = 0-0.2, y = 0-0.3) synthesized via solid state reaction method
have been investigated. The results of XRD show a single phase of La,Mo0,0, after calcination at 950°C.
The phase transition temperatures from a to  phase of La,M0,0y and La, ¢St ;M0,04 occur around 557 °C
and 560°C, respectively. A substitute of 7.5 mol% of W®" into Mo®" can suppress the a phase. The average
grain size of sintered compositions increases with the amount of Sr but slightly decreases with an addition of
W. The conductivity value of La,; ¢Srg;M0,04 at 540°C is 6.75 x 107 S-em’’. Above the phase transition
temperature, - La,M0,0, shows the highest conductivity and its value at 700°C is 7.66 x 107 S-em’™.

Key words: La,Mo,0y, Electrolyte for SOFC

Introduction

Much attention on fast oxide ion conductors
has been received due to their applications as solid
oxide fuel cell (SOFC), oxygen sensors, oxygen
pumps and oxygen-permeable membrane catalysts.(z' 16
The most widely used electrolyte for SOFC is
yttria stabilized zirconia (YSZ) due to its high ionic
conductivity, good stability under reducing and
oxidizing conditions and high mechanical strength
at an operating temperature of 850°C. However, it
requires to work at high temperature resulting the
degradation of cell. The solution for this problem is
to use other materials having higher conductivity
S0 it can operate at lower temperature. Doped ceria
and doped lanthanum gallate are the candidate
electrolytes. Doped Ceria has a higher conductivity
than YSZ and good stability with cathode materials
such as Lanthanum Strontium Manganite, Lanthanum
Strontium Ferrite and Lanthanum Strontium Cobalt
Iron Oxide.” However, Ceria composition exhibits
electronic conduction in low oxygen partial pressures.
LSGM has a higher electrical conductivity than YSZ,
but exhibits less stable with nickel-YSZ anode
materials.” Recently, a new family of fast oxide
ion conductor named La,Mo0,0y or LAMOX has
been reported by Lacorre groups.'" * " * This
compound exhibits high conductivity at 600-700°C.
Its phase transition undergoes from monoclinic
(0-La,M0,05) to cubic (B-La,Mo,0s) around 580°C. ™"

The ionic conductivity of B-La,Mo,0s is 8.02 x 107
S/cm at 800°C and below transition temperature the
conductivity of a-La,M0,0Oq reduces drastically, i.e.
4.6x10° S em™ at 500°C.”

The solid solution of Sr in La,Mo0,0Os has been
reported to be 7 mol% Sr (La, 8¢Sr014M0,0s) and at
this composition can stabilize the cubic La,M0,0q
phase at room temperature.”’ The sinterability of
samples was improved and the electrical conductivity
increases with an increase of Sr doping contents.®

The substitution of Mo® by W% can
suppress the phase transitions at 580°C. 121319 The
suitable amount of W*" has been reported to be 10
mol% to stabilized the B phase of La,M0,00.” The
solubility limit of W doping in La,Mo0,0 has been
reported to be 75 mol% W (La;MogsW, s00).1% 19
However, the sintering temperature and electrical
resistivity increases with W contents.®

In this study, the La,,Sr,Mo,,W,O9;5 x = 0-
0.2, y = 0-0.3) synthesized via solid state reaction
method have been investigated on the phase
transition, microstructure and electrical conductivity.

Materials and Experimental Procedures

All compositions of La,SryMo,.,WOg.5
x = 0-0.2 and y = 0-0.3) were prepared via solid-

Phone 08-9173-6811, E-Mail: wit_thep@hotmail.com

Phone 0-4422-4470, E-Mail: sutin(@sut.ac.th




111

126

state reaction, using La,O3, SrCO3, MoO; and WO,
(> 99.0%, Aldrich and Kanto chemical) as starting
materials. La,O; was calcined at 1000°C for 5 h to
remove hydroxide and carbonate before weighed.
The mixtures were ball-milled in a high density
polyethylene bottle with alumina balls as grinding
media and using ethanol as medium. After drying,
the mixtures were calcined at 950°C for 9 h in air
and held at the reaction temperatures determined
from the Simultaneous thermal analysis (STA, TA
Instruments SDT2960).

The phases of the calcined powder were
analyzed by x-ray diffraction (XRD, Bruker
D5005) with Cu Ka in the 20 range of 20° - 60°
before the disk specimens were formed by cold-
isostatic press at 150 MPa. All compositions were
sintered at 1100°C in air with a soaking time of 3
hrs. The sintered pellet was determined by XRD to
observe the second phase if existing after firing at
higher temperature than calcination temperature.

The phase transitions of all calcined powders
were investigated from differential thermal analysis
(DTA, Perkin Elmer DTA7) in a temperature range
0f 450 to 650°C with a heating rate of 10°C per min.

The microstructure of the sintered specimens
~ was observed by scanning electron microscope
(SEM, Jeol JSM6400). The samples were polished
and thermally etched before gold sputtering.

The AC impedance spectra of sintered
compositions were collected from 300°C to 700°C
by a Solartron impedance analyzer (SI 1260A) as a
function of frequency. All data were measured in
air and sample temperatures were recorded with a
thermocouple type K mounted close to the sample.

Results and Discussion

The results of STA for the mixed oxide
composition of La 9Srg Mo, 7W(3045 are represented
in Figure 1. The weight loss mainly occurs in two
steps around 360 and 540°C with the total weight
loss of 8.8 wt%, which correspond to the endothermic
peaks in DTA curve. Similar results occur for
the other compositions of La;,SryMo,,WOq.s.
Although the reactions complete before 800°C, the
actual calcined temperature to obtain a uniform
single phase for all compositions of La, ,Sr,Mo,,W,Oq.5
is 950°C with a soaking time of 9 hrs and hold at
the temperatures which the reaction peaks occurred.

THEPSUWAN, W. and KUHARUANGRONG, S.
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Figure 1. TG-DTA traces for dried powder of La, .St,M0,,W,Os5

Figure 2. Show the results of XRD patterns
of all compositions after calcination in air with an
intermediate grinding. The results indicate they
exhibit a characteristic pattern of a pseudocubic
phase of La;Mo,04 (JCPDS no. 28-0509). With the
La, §Srg2M0,0O9 composition, the additional peaks
appear around 26 at 33.3° and 51.8°, indicating the
existing secondary phase of SrMoQ, as pointed by
the arrows. As a consequence, the substitution of
10 mol% Sr into a La site is over the solubility
limit of La;Mo0,0s. Moreover, W can substitute
into Mo and form a solid solution upto 15 mol%
for this work. The higher amount of W can be
substituted > ¥ possibly due to similar ionic charge
and radius of Mo® and W, 0.59 and 0.60 A
respectively."” The XRD results after sintering at a
higher temperature are found to be the same as
those of calcined compositions. The pseudocubic
phase of La;M0,0Oy including StMoO, in the composition
of La, §Srp2Mo0,0s still exist after firing at 1100°C.
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Figure 2. XRD patterns of (a) La;M0,0y, (b) La;Mo;4W,,0s,
() La;Mo,gsWg1509, (d) LasMo; W20,
(e) La;Mo, ;W 30, (f) La, 9Sro1Mo0; 85sWo.150s,
(g) La, 4Sry 1 M0,0, and (h) La; §Sry:M0,04
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Figure 3. Represents the DTA traces of all
compositions after calcination at 950°C. The phase
transition determined from the peak of DTA can
be observed in the compositions of La,Mo0,0s,
La,Mo;9W(10y and La,¢Srg;M0,0y. The phase
transition peak of La,M0,0, appears around 557°C
which is lower than other report."” The transition
peak of La;Mo, §Wy0, occurs around 542°C, indicating
that tungsten shifts the phase transition of La;Mo,0Ogto a
lower temperature (Figure 3 (b)). With 5 mol% Sr
doped into a La site this transition can be observed
a small peak at around 560°C as indicated by an arrow,
implying that 5 mol% Sr cannot completely suppress
the phase transformation. This result is different from
the other report, which the phase transition can
suppress with substitution of 5 mol% Sr."” The phase
transition of La; Srg,M0,Oy was not investigated due
to the appearance of SrMoQ,. For LayMoj;gsW50s,
LazMO],gWogOg and LazMOWWmOg the phase transition
disappear as shown in Figure 3(d-f). Consequently, the
minimum W content of 7.5 mol% can suppress the
phase transition of La,Mo0,0s.

8
@
\\_4\

()
(b)
(@)

Temperature difference (a.u.)

, , L L
450 500 550 600 650 700
Temperature (°C)

Figure 3. DTA traces of (a) La;M0,0s, (b) La;Mo; gWy,0s,
(c) LaisSro1M0y0y, (d) LaMo, gsWo 150,
(e) La,Mo; §W(,0y and (f) La,Mo; ;W 304

The SEM micrographs of specimens
sintered at 1100°C for 3 h after polished and
thermally etched are shown in Figure 4. The grain
size range of La,M0,0y is 7-8 pm (Figure 4(a)),
slightly higher than that of La,Mo;gsW1509 and
La,Mo;7W30, (Figure 4(b-c)), indicating that an
addition of tungsten tends to decrease the grain
size. For La,Mo; ;W 309 composition, the porosity
was higher than that of La,Mo,; 35sWp 1509 and
La;,Mo0,0y compositions. This suggests that higher
W content require a higher sintering temperature to
achieve a high density. In contrast, an addition of
St** increases the grain size as appeared in Figure
4(d). Tt is possible that Sr** reduces the sintering

temperature of La,Mo0,0y. In addition, the grain
size of LayoSrg;Mo;gsWo1509 composition was
smaller than that of La, ¢Srg;M0,0y composition as
shown in Figure 4(e).

Figure 4. (a)

Figure 4(b).

Figure 4(c).

Figure 4(d)
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Figure 4(e).

Figure 4. SEM Micrographs of (a) La;M0,Os, (b) La;M0ygsWo150g,
(¢) La,Mo;,W;30s, (d) LajoSr;Mo,Oy and
(e) La;oSro 1Moy gsWysOg after sintering at
1100°C for 3 h

The impedance spectra for La, «S1,M0,,W,Oo.5
measured in air at 400°C are shown in Figure 5.
The results represent the impedance of grain interior,
which is associated with the capacitances in pF
range. The grain resistivity of La,M0,0y is 44.5
kQ-cm which is higher than that of other doped
compositions. St and W can reduce the grain resistivity
at 400°C. In addition, the grain resistivity for all
compositions decreases when the temperature
increases. The arc contributing for grain boundary
cannot be detected for all compositions, indicating

La;Mo,0y in the range of 300-540°C, below the
transition temperature. La; ¢Srg;M020s shows
maximum electrical conductivity of 6.75 x 107 S-em’
at 540°C and slightly decreases with an increase
of W content. The values of conductivity for all
compositions at 540°C and 700 °C are given in Table 1.

94(°C)

(O, San K

1000/T (K

Figure 6. Arthenius plots of conductivity for La,.St,Mo,,W,Oss
sintered at 1100°C for 3 h.

Table 1. The conductivities at 540°C and 700°C of

that the resistance of grain boundary is very low.
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Figure 5. Complex impedance spectra of La, ,Sr,Mo2 WO
at 400°C.

Figure 6. Shows the Arrhenius plots of
conductivity for La,,Sr,Mo,,W,O95 x = 0-0.1, y =
0-0.3) compositions. For La,M0,0s, a jump of electrical
conductivity related to the phase transformation
can be observed at around 540-560°C, which is in
agreement with DTA results in Figure 3. Above
this transition temperature, the conductivity of f-
La;Mo,0, increases rapidly. Doped compositions
with Sr and W show higher conductivity than

Lay.SriMo,.,W,Oq 5
6 (Sem’), o (Sem’),
Compositions

T=540°C  T=700°C
La,;Mo0,04 1.08x10°  7.66x 107
La, 6ty M0,06 6.75x10°  5.47x 107
La;Mo, gsWo 1500 6.34x10°  549x 107
La,Mo, ;W30 526x10°  470x 107
La, St Moy 45sWo 1500 456x10°  4.64x107

Conclusions

The single phase of La,SryMo,,W,Oq.5 (x
= 0-0.1, y = 0-0.3) can be synthesized via a solid
state reaction by calcining at 950°C for 9 hrs in air.
The substitution of 7.5 mol% W in Mo site can
suppress the o-f phase transformation. An addition
of W tends to decrease the grain size and density of
La;Mo0,0,. Below the transition temperature at
560°C, all doped compositions exhibit higher
electrical conductivity than a-La,M0,0y. The
La; ¢Sro1M0,0y  composition  shows  highest
conductivity value of 6.75 x 107 S-cm™" at 540 °C.
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Properties of La;xSryMo,.,W,0q.5
Oxide-lon Conductor Synthesized by Citrate Gel Method

Witoon Thepsuwan' 2, Sutin Kuharuangrong "°
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Nakhon Ratchasima, 30000 Thailand

*wit_thep@hotmail.com °sutin@sut.ac.th
Keywords: La,M0,0,, XANES, Electrical Conductivity

Abstract Properties of LayxSrxMozyWyOo5 (x = 0-0.2, y = 0-0.3) synthesized via citrate gel
method have been investigated on phase, oxidation state, microstructure and electrical conductivity.
The XRD results show a single phase after calcination at 700 °C for all compositions. The oxidation
state of Mo in La,..SryMo2.,W,Og.5 compositions determined by X-ray Absorption Near Edge
Structure (XANES) is found to be +6. The average grain size of sintered compositions increases
with the amount of Sr but slightly decreases with an addmon of W At 500 °C, all doped
compositions exhibit higher conductivity as compared to 5.42x10™ S-cm™" for undoped-La;Mo,0s.
In this work the composition of La; 9SrgM0,0s.5 performs the highest conductivity value of
1.95%10° S-em™.

Introduction

The most widely used electrolyte for SOFC is yttria stabilized zirconia (YSZ) due to its high ionic
conductivity, good stability under reducing and oxidizing conditions and high mechanical strength
at an operating temperature of 850 °C. Recently, a new family of fast oxide ion conductor named
La;Mo0,09 or LAMOX has been reported by Lacorre’s groups [1-4]. This compound exhibits high
conductivity at 600-700 °C.Its phase transition undergoes from monoclinic (a-La;M0;0s) to cubic
(B-LazMo,0g) around 580 °C [1]. The ionic conductivity at 800 °C of B-La;M0,0s is 8.02 x 102
S-cm’™ and below transition temperature the conductivity of a-La;M0,0s reduces drastically, i.e. 4.6
x 107 S-cm™ at 500°C [5].

Generally, La;Mo0,09 powder was synthesized by solid state reaction method [1-3, 6,7]. This
may result in inhomogeneity and low sinterability. However, the chemical synthesis methods have
been proposed [8-11]. These would be useful to achieve higher purity, good homogeneity, shorter
processing time and higher sinterability.

In this study, the La;.xSrxMo2.,W,O0.5 (x = 0-0.2, y = 0-0.3) synthesized via citrate gel methods
have been investigated on the phase, oxidation state, microstructure and electrical conductivity.

Experimental
Sample preparation

The stoichiometric proportions of La(NO3)36H,0, Sr(NO3),, (NH4)6sM070244H,0 and HysNgO4y W 2
as starting materials were dissolved in minimal amount of deionized water. After mixing, nitric acid
was added to complete dissolution and followed by the addition of citric acid as the polymerizable
combustion fuel. The mixed solution with a magnetic stirrer was heated on a hot plate. After the
water evaporated, the solution became viscous yellow gel and the auto-combustion was started at
around 110 °C and appeared to be dark gray residues until the reaction completed. After grinding,
the residue powders were calcined at 700 °C for 3 h in air and held at the reaction temperatures
determined from Simultaneous Thermal Analyzer (STA, TA Instruments SDT2960). The specimens
were sintered at 1100 °C for 3 h and the bulk density of all sintered samples is 92% of theoretical
density.

Al rights reserved No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of the
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Sample characterization

The calcined phase was analyzed by X-ray Diffraction (XRD, Bruker D5005) with Cu Ka in the
26 range of 20° - 60° before the disk specimens were formed by cold-isostatic press at 150 MPa. All
compositions were sintered at 1100°C in air with a soaking time of 3 h.

The oxidation state of Mo was determined by X-ray Absorption Near Edge Structure (XANES)
technique. The XANES spectra of Mo Lj-edge were measured at Beamline 8 of the Synchrotron
Light Research Institute (Public Organization). The spectrum of MoO3 was used as a reference for
energy calibration and the oxidation state of Mo®*. The data were collected using a double-crystal Si
(111) monochromator under N, atmosphere with a scan step of 0.25 eV per second.

The microstructures of all sintered specimens were observed by Scanning Electron Microscope
(SEM, Jeol JSM6400). The samples were polished and thermally etched before gold sputtering.

The grain sizes of sintered specimens were measured by the image frame work software
program.

The impedance spectra of sintered compositions were collected from 300 °C to 700 °C in air by a
solartron impedance analyzer (SI 1260A) as a function of frequency.

Results and discussion

The results of XRD patterns of calcined powder are shown in Fig. 1. All compositions exhibit a
single phase of La;M0,0s. The additional peaks of La; §Srg2M0,04.5 appear around 26 at 33.3° and
51.8°% indicating the secondary phase of SrMoO, being present as pointed by the arrows. As a
consequence, the substitution of 10 mol% Sr into a La site is over the solubility limit of La;M0,0s.

MoO
e /= Second Phase //’\"\‘/ :
3 LaMo W O,
L MO g

185 0159

a, St Mo, 0,

3
g
-
= k
] 30
3 | @ £
z Ll ‘!‘/ 1 l m/ Aol %
‘. J © T 2}
£ A Lk Lot N
j E
(b)
*dAd AL A PR | s 1]
L e
o o A Aasdd e 0 N 1 N
20 25 30 35 40 45 50 S5 60 + 2520 2525 2530 2535 2540
Two-Theta Energy (eV)

Fig.1. XRD patterns of (a) LazM0,0o, Fig. 2. Mo-Lin edge XANES spectra of
(b) La; 9Sro.1Mo01.85W0.1500.5, (€) LazMo; 7W0 309 Laz.«SrxMo,., Wy Os.
and (d) La|,gSl'() 2M0209.5.

Fig. 2 represents the XANES spectra of Mo Ly-etdge in Laz«SryMo,.y W,Os.5 compositions. The
results show there are two energy positions associating to the transitions from the 2p core levels into
the empty 4d orbital [12,13]. All spectra of synthesized compositions appear at similar energy
positions to those of MoOs as a reference for the oxidation state of Mo®*. However, the intensities
of MoO; and synthesized powder are dissimilar due to the different coordination environment
around Mo. The higher intensity of octahedral Mo®"—O structure in MoOs locates at the low energy
position. Nevertheless, the higher intensity of all synthesized spectra exists at low energy side,
indicating the tetrahedral Mo®—0, instead of octahedral Mo®*—Qy structure as similar to Tealdi’s
work [8].

The SEM micrographs of sintered specimens are shown in Fig. 3. The average grain size of
La;Mo,0y in Fig. 3(a) is ~5 pm. For W doped specimens (Fig. 3(b-c)), the grain size is slightly
lower than that of La;Mo0,Os. An addition of W not only tends to decrease the grain size but
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increase the porosity, suggesting that the composition with higher W content is required to sinter at
a higher temperature to achieve a high density. In contrast, Sr dopant increases the grain size of
La,Mo,09 with the average value is ~7 um as appeared in Fig. 3(d).
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Fig. 3. SEM mlcrographs of (a) LazMoOg, (b) LazMol 85Wo0.1500,(c) LazMol sW0.209
and (d) La; ¢Sro 1M0209.5

Fig. 4 illustrates the impedance spectra for Lay.xSr\MoyyW,09.5 measured in air at 400 ‘C. The
spectra are generally associated with the resistivity of grain, grain boundary and electrode,
corresponding to the capacitances in the pF, nF and uF range, respectively. The two arcs for all
compositions in Fig. 4 respond to the contributions from grain and ¢lectrode. The grain boundary
arc cannot be detected for all compositions, indicating that the resistance of grain boundary is very
low. The grain resistivity of La;M0,0q is 34.2 kQ-cm, which is higher than that of other doped
compositions. Sr and W can reduce the grain resistivity of La,M0,0s. Fig. 5 shows the Arrhenius
plots of conductivity for LaxSriMoayWyOos x = 0-0.1, y = 0-0.15). A jump of electrical
conductivity of La;M0,Og related to the phase transformation can be observed at around 520 ‘C. All
doped compositions show higher conductivity than La;Mo,Os in the range of 300-520 'C.
La, 4Srg 1 M0;09.5 shows highest electrical conductivity of 1. 95x10° S.cm™ at 500 °C and slightly
decreases in the La;Moj ssWo 1509 composition. The values of conductivity for all compositions at
500 and 600 'C are also given in Table 1.
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5 g 1 s> ox N\ ? MO, WoisQs
E " O,
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Fig. 4. Impedance spectra of La;.xSrxMoz., WyO Fig. 5. Arrhenius plots of conductivity
at 400 °C. for Lay.xSrxMo2.y WyOs.
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Table 1 The conductivities (o) at 500 °C and 600 °C of LapxSrxMoz., W, 09.5

Compositions os00°c (S'cm™) G s00°c (Sccm™)
La;Mo,09 5.42x10" 2.05x107

Lay 9Sr0.1M0y09.5 1.95x107 1.90x10?
LayMoy.8sWo.1509 1.47x10° 1.43x1072

La; 9Srp1Mo;.35Wo.1509.5 1.91 XIO-B 2.14X]0-2
Conclusion

The single phase of La;.xSryMo2.,WyOo.5 x = 0-0.1, y = 0-0.3) can be synthesized via citrate gel
method by calcining at 700 °C for 3 hrs in air. The oxidation state of Mo in Lay xSrxMo2., W, Og_5 is
found to be +6 with the tetrahedral Mo(’*—04 structure. An addition of W tends to decrease the grain
size and density of La;M020s. At 500 °C, all doped compositions exhibit higher electrical
conductivity than undoped-La;Mo0;09. La;¢SrgM0,0o.5 shows highest conductivity value of
1.95x10 S-em™ at 500°C.
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Abstract

LazMon9 (LAMOX) is a good candidate material for intermediate-temperature solid
oxide fuel cell. It shows higher ionic conductivities than yttria-stabilized zirconia
(YSZ). LAMOX exhibits a transition temperature of a low temperature phase (a—LaZMOZOg)
to a high temperature phase (B—LaZMOZOQ) at 580C. A series of LaHSrXMo2 HWbeZO% (x=0,
0.1; y=0, 0.1, 0.2, 0.3 and z= 0, 0.05, 0.1) are studied and synthesized via solid-state
reaction method. Strontium doped into lanthanum site and niobium into molybdenum site
affect the oxygen vacancy in the LAMOX based material and result in a higher conductiv-
ity. Tungsten doped into molybdenum can suppress the phase transition from a to § at 580

°C. The results of structure, phase transition and microstructure have been characterized by

XRD, DTA and SEM, respectively. The results of XRD show the single phase of LaZMOZO9
after calcination at 950-1000°C. There is no phase transition detected in the composition

doped with 10 and 15 mol% of tungsten. The results from SEM micrographs show samples

after sintering at 1100-1150C depending upon the dopant.

Keywords: LaZMOZOg, Oxide Conductor, Fuel Cell
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Table 1 Average grain size from figure 4-9 (by

using image analyzer program)

Average grain size

Composition (um)
1100°C 1150C
laMo O, 79 134
laMo W | Nb O, 4.0 56
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