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WASSAYAMON SINGKHA : SYNTHESIS AND PHYSICAL PROFRETIES
OF Lg,StM, N, 0,5 (M, N = Mn, Co, Ni). THESIS ADVISOR : ASSOC.

PROF. SUTIN KUHARUANGRONG, Ph.D171 PP.

SOLID OXIDE FUEL CELL/CATHODE/RUDDLESDEN- POPPER/TRATE GEL

/ICOPRECIPITATION /XANES

Theobjectiveof thisthesids to investigatd_a, ,SrM, N, O;,; (M, N =Mn, Co,
Ni) compoundspneof the Ruddlesden-Popp&RP) structure, asa potentialcathode
materialfor intermediateemperaturesolid oxide fuel cell. The experiments were
separated into two parts. The first one was comdutd study a suitable synthesis
condition for LaNi,O;,;, La,SrMn,0,,; and LaCo,0,,; systems from three different

methods, solid state reaction, coprecipitation aitrdte gel. In addition, the suitable

amount of dopants on LMi,O.,; and LgSrMn,0O,,; were identified. The second part

was concentrated on the effects of dopants onléwotrieal conductivity and thermal
expansion of these compositions, including the atxich state of Ni ion related to the
electrical conductivity of La srNi,O,,; by XANES technique.

The results show that the calcination temperatinirebtain a single phase of
La;Ni,O,,; systemis 1200°C for solid state reaction method. For coprecipitation
method, the best precipitants for this work areagsium carbonate and sodium
carbonate with an aging period of 1 h at room tewipee and the calcination
temperature is 1200°C. For citrate gel synthelesappropriate amount of citric acid
is 1.5 times per mole of the total cations inNigO, ; and the calcination temperature

is 1100°C. The doping limit for LgSr,Ni,O,,; and LaNi, ,Cq0,,; is X and y< 0.1.



However, a single phase could not be obtained frb& St Ni, CQO,.;,
La;Ni, Mn O,,; and Lg ¢Sr, ;Ni, Mn O,;.
For La,SrMn,O.,; system, the suitable calcination temperature fothaee

synthesis methods is 1400°C. The best precipitemt€oprecipitation method are
potassium carbonate and sodium carbonate with arg queriod of 48 h at room

temperature. Doping with Ni or Co in J&rMn,O,,; shows L3, SrMnO, and
La(OH), in this composition. For L&0,0,,; synthesis, a perovskite phase of LagoO
and La(OH} occur instead of L&£0,0, ;.

For the second part results, Sr dopant incredmseglectrical conductivity of

La;Ni,O,,;. The electrical conductivity values at 600°C foraNi,O,,;,

La, 50 osNi,0-,; and La, ;Sr, ;Ni,O,,; synthesized by citrate gel method are 64, 69

-1 . L :
and 81 S.cm, respectively. The result of oxidation state byN&S technique shows

mixed valencies of +2 and +3 for Ni ions in L& Ni,O,, .. The higher oxidation

state of Niions in La.¢SK 1NioO;4s results in a higher electrical conductivity than

La, 50 0sNi,0-,; and LaNi, O, ;. Thermal expansion coefficient in a temperature

range of 50-800°C for Lii,O,,; is around 12.3-12.9 x Toc” and increases with Sr

content. The electrical conductivity at 600°C of&Mn,0O,,; from citrate gel method

is around 0.68 S.c_rln and its thermal expansion coefficient at 50-800%C

9.9-10.7 x 10°C".

School of Ceramic Engineering Student’s Signature

Academic Year 2009 Advisor’s Signature
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MI99 2.1 anpazmmzidnyuosadfornauaasyila (Shah, 2007, 0’Hayre et al., 2006)

PEMFC DMFC AFC PAFC MCFC SOFC
Primary applications Automotive and Portable power Space vehicles and Stationary power Stationary power Vehicle auxiliary

stationary power drinking water power
Electrolyte Polymer (plastic) Polymer (plastic) Concentrated (30- Concentrated 100% | Molten Carbonate YSZ

membrane membrane 50%) KOH in H,O | phosphoric acid retained in a

(H,pO,) ceramic matrix of
LiAlO,

Operating 50-100°C 0-60°C 50-200°C 150-220°C 600-700°C 700-1000°C
temperature range
Charge carrier H H' OH H' C0327 o
Prime cell Carbon based Carbon based Carbon based Graphite based Stainless steel Ceramic
components
Catalyst Platinum Pt-Pt/Ru Platinum Platinum Nickel Perovskite
Primary fuel H, Methanol H, H, H,, CO, CH, H,, CO, CH,
Start-up time Sec-min Sec-min Hours Hours Hours
Power density 3.8-6.5 ~0.6 ~1 0.8-1.9 1.5-2.6 0.1-1.5
(kW/m’)
Electrical efficiency 40-50% 30-40% 50% 40% 45-55% 50-60%
Internal reforming No No No No Yes Yes
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7 A

A a 1 ] a d' o 1
wenlasesaoiay WU adiyomaInoanuuVraailugne (Tubular)

U

o (Y] ¢ X a d
2.3 'JETQ]!!ﬂiﬂﬂﬁ]ﬁﬁﬂ!“ﬂﬁa!‘ﬁﬂlwaﬁﬂﬂﬂ"l“’lfﬂsllf’lﬁllﬁﬁﬁ

a

s & Aa I < a o { o
mam%mmaaﬂ“lcmsuml,mmmummmamﬁqquuﬂizmm 1000°C ”Jﬁﬂ‘uﬂj‘ﬂﬂ

Y
a v o

s &  a s S =2 9 o v Ay o d'
GU’ENLcﬁaﬁ!“ﬁﬂlwa\‘]’lf]f]ﬂvl“]fﬂsll’f]\‘]l!‘ll\i%\‘]ﬁ@\17]1\111!5”8195]@75”']5’f)@ﬂ“]fllﬂ“‘]f Llazﬂ’qmﬁqum ANUU

U

o [l o 4 a a o 1 [
Tanzia T)vdluamnsounlyld wesninimaniseend lad ladie druninTaveiiana
o 3= o ] a % @
(Noble metal) tsfagiin I 1dauaniidos e wu Tanenowazidu Jyanaoudilndifesny
Aa o J % a
guuliIIuYeuLan (Aanaondl1veslanznes ~ 1064°C Tanzidu ~ 961°C) Tane

o J

= . A o A a = A A
uwatalAew (Palladium, Pd) iin1nuau loge Nguugiiinuveusas langliananil

va { a o . =] a ' )
AuauTAMIZaUNga Ao LAY (Platinum, Pt uanisinwwanuniiegiimnlglunig
Y o A Al A 9 1 4 Y] A 9
mim Jaglszinndunliguaviamnzandun arsdsznoveenlad Tasiaqualnanlsy
@ $ 1 v W a g 4 @
Tumemsaluilegiiv Ae LsM Faldausuduiaqoaninglad Ae YSZ uagiaqueolua
A
A9 Ni-YSZ

231  LSMunlng

2311 Inssa319ves LSM
< A A v A
La, SrMnO, (LSM) 1luai1sisznouniinissasesosaouniy
7 . % o < 1A o '
Tassasramesora’lng (Perovskite) Faligasnalihilu ABO, Tagozaon A ogNid i ym
o ¢ P ¢

(Corner) 1Ay ueIgNUIAR BzABN B 9gNNINA1NGNUIARA (Body center) HAZOTABY O

PP v o Y A
YNNINANH U (Face center) NHNATU Gnll?"l]‘ﬂ 2.2

U
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A v A Y J .
gﬂ‘ﬂ 2.2 MIvRiseanzaauvedlnssaauuumesevalng (Materials Research Center,

Indian Institute of Science, www, 2009)

2312  QuManlAvad LSM
LsM 1iuansnadniigiia p-type M3 I unaldiiiesainnis

3+

Hopping U84812nA3591 188 521319 Mn” /1 Mn"" (Basu, 2007) 1015111 1171 (Electrical

.. d? " v a A o A dg’ A a d?
conductivity, 6) Y09 LSM Jusgnuguugil Ao n15ih Il ezimindwiloguugigeiiv

[

vilSumves sr Tasaimsi lWihfigaad 1000°C vee LSM f1A1de

U

dyQJ dg’ L}
UINITNUINVUDY

i
A

Sr Sunmans  MidT1eauA

® 20 T1a% Sr: 6 ~100-200 S.cm’ (Basu, 2007)

® 30 I1a% Sr: 6 ~ 250 S.cm ' (Kawada and Mizusaki, 2003)

® 50 Tua% Sr: 6 ~ 294 S.cm’ (L1, 2006)
a5 Wl ves LsM ﬁmqqqﬂﬁﬂszmm 55 Tua% Sr (Basu, 2007) Taolddufy
AANUAUIDIVDIDDNFIIU (Oxygen partial pressure) 11529 1-10” bar (Kawada and Mizusaki,
2003) udlumslFauesadestugy LsM Wigngu el i douniaeenFuauiidrgisad

a A

Razaan Feildnmsh iiihiigungd 1000°C anaavdedszuial 100 s.cm” #2081315U
15 Twa% Sruaziigwguilszuim 40% Ha1nsi Idhszuim 80 S.em™ (Ghosh et al., 2005)
uAn1s1AY Srimai i d sz Ansn13ve10821109910A 212U (Thermal Expansion
Coefficient, TEC) Samnay fafulumsi ll9ueseedy sc lulSua 10-15 Twav
(Li, 2006) W30 101 fUfq 10-25 Ta% (Malkow, 2008) G411 LSM §if1 TEC 152310
12.0-12.4 x 10°C" (Minh, 1993) In&ifeaiy YSZ &afif TEC Uszana 11 x 10°°C" (Singhal

and Kendall, 2003)
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A = d' a 1 dg‘ A d‘ a
AUUANNUANYDI LSM NQUNQUG 1T mmmugﬂ HIDNYUNHU

a o aaa [ a < 3
Tda1u LsM erananisil§nsenny vysz inaiiluaznouaes La,zr,0, 1ag Sizro, Tu

Y ' H
A9UTNUTPEADYBY LSM 11 YSZ Tagnuniagiiaeasuinlgnienungungilssuna

a

1200°C uazi1nsoiuedauniigungil 1400°C (Basu, 2007) @15152A0Y La,Zr,0, 111

u

audu s liihdindn ysz aalszunas 300 1 (Minh, 1993) K115 T ives

J 09; v o a 1 1 1
rFaaana ?Jﬂ‘l’]\‘]ﬁl\‘]‘l’]11ﬁlﬂﬂﬂ31ﬂlﬁ}u%1ﬂﬂ'}1u%}®u (Thermal stress) ﬁuﬁg‘ﬁﬂﬁﬁ'ﬁﬂ@l@ﬂlﬂﬂ LSM

a

Y o J a % @ a va o Y
nu Ysz i ldaainanisuendieenainiu lumalgidadnudilym lasmsniuquamngi

£

42‘ 1 9 1 d‘ a Aaaa d"o} 9 A Q'

Tumsaugdl lildgenai 1300°C iowzaomaiinlfnser uenvniidaldnisan La (mTorivm
. . A 2 o ' Y

Mn) 91ngA5152018 10% (Kawada and Mizusaki, 2003) %30 1@l Tud i La @20 looou

d ad A <3 1 1 A A A Ayy

YDI51AIT5105N (Rare earth) NTYUIALANNI 1B Pr 130 Ce 1i10391nWanaAT 1A91NN13
k4

imadfnser 1dun Pr,zr,0, naz Ce,zr,0, Wu'litadeos (Basu, 2007) 3¢ lineglogd waz 'l

<3| Y
naneilunuulouny La,Zr,0,

Y

23.1.3 U9910Av99 LSM

~ s & Aa I s 9 o A A o Y
ﬂ”li‘ﬂlclfaﬂLGIf@LWa\1ﬂﬂﬂ"lclfﬂ‘ll@%!‘ll\iﬁ@\‘]ﬂ1@1uﬂqmﬁguﬁ\1 ‘an?i

U

aaa [

] o 1 Jd a Y dg‘ o Y 4
‘Wﬂﬂiy‘]rﬁ 15U mimﬂgﬂsmﬂummmuﬂizﬂauma“lumaamﬂ"lmmmu mldiwaa

A A a A P} o A o ] ' Y & o A
3J']J5$ﬁ1/]ﬁﬂ1waﬂa\1 uazﬁumqmﬂmmm @ﬂﬂﬂiﬂi\?ﬁi”lﬂﬁ”l\i il @]@QL']JU'J?(E]V]?H‘JJ"I?Q

a Y& J o A a o 4 o Y
muqmwauqﬂﬂ FIYUITANTT AN mﬂaﬂqmwgnmimammmmaaawzmﬂwmmia

q

¥ A

o 3 [ IS ' a aw { Y
i lavznlfiudaqlnssadreo modunissrgaadunulunmsniald vruiseneady
J dy a J < o R 1 9 a o J
wadisowasoon lydvosuddluilvgiuiujuidulumsanguuginisiinuveusad
A A A ' a . £ o g a
A3NIN 600-800°C N3N qm‘wguﬂmﬂmﬂ (Intermediate Temperature, IT) %qaqgﬂuqmﬁgu
{ H o a ] . { 2 g
nganenvzirlmnanisilasugy (Reforming) vouFornasszinnlalasaisuonld
4 a ° a a o J
(Qiu et al.,, 2003) Tasiiioangungiinsiinuainds dszdnsnmmsiinuveusaddos
19 1T A 1 d‘l a 1 [ 1 = a A c; d’
lidesliniuan ualennsanludiuvesiaquaTna wud LM Hisz@nsaimdiad iiean

}191UaWIAINI7 800°C 1lB9INNgUNQN 1000°C UBNIN LSM vziinsii1 Il

U

=)

a

1@ANI09A (Electronic conductivity) 411511 I uvvleoeiin (lonic conductivity)
&rem15su1m 2 x 107 S.em” (Kawada and Mizusaki, 2003) usie1daufiguugiidind
800°C M3 IWfves LsM ilunuudidansetiniev 100% Tasastilifhwuuyleeein
anaauaedios 10°-107 s.em” Mldamsii Wi Taesaudias (Fleig, 2003; Basu, 2007)
Conceigao et al. (2009) 31641131 La, ,St, MnO, fifignguilszanas 35% s llfhwiiiy
6.4 S.cm” figaivighl 1000°C azaAaINHED 0.7 S.em” Tigmungil 600°C @Mt lifhves

. A o ' Ao A a 1 9 9 A 9 1Y 1
Conceigdo et al., 2009 YATATNITNTIUIVYDU €] NNATINTIVINAU Luawmhmi’mm
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M3t 1nl#A2073 2-point Fair A1 T 144 1n1101570A2073 4-point) M3 Taqualnalu

o Yy A o Yo o 9 a A Aov o a a 9
aunsothleoould neilossulddmin dldmsnaljnseisanduvesoongaunala

a ~ 3 9 1 (2 Aa g 4 @ A A 1
RINZUTNUaNIay "l,ﬂl,!ﬂ une LL?"IT‘V]ﬂ uazmaﬂimlla@ UIUTTAIUNU NIDNLTYNIN

4 1
A A

Triple Phase Boundary (TPB) @131l 2.3 (410) eiiiunlumsinailgnsersina Seild

Ufnseunalddas dawalinmsir lwihiiaasaslidae

.= Electron
Oxygen
=P Oxygen ions

Cathode reaction: 1/20, + 2e ----> o

\* }*f'}'\——-“ / g I \* x”ll. :/IK——

Pure electronic conductor Mixed ionic-electronic conductor
Oxygen reduction at the Oxygen reduction all over
triple phase boundary the cathode surface

A a A a Aaaa Aov o a @ A
jjﬂ‘i/] 2.3 ‘]J'iL'JiLl‘V]Lﬂﬂ']Jgﬂ'iEJ"I'iﬂﬂ"]f‘LlGU’ENE’Ji’]ﬂ“]ﬂfl]‘LlGLLl'Jﬁﬂl!ﬂi‘i/]ﬂ‘l/]ﬂﬂ’ﬂﬂﬁ"lll"liﬂi‘l!ﬂﬁ

0 ' @ Y { o ad a '
i lvhuanaaiu (@e) Seanih Ilfhuousiannsedtiniisiediadon

v Y
(ma9) Yaadalsenoumi Wi 1dvawudidnniedinuas loooiin

q

'
A o

k4
@) Fagih Wi Idvawusiaanseinuay lessiinludies

232 MIEC ualna

A9 o w d‘ aan

v Y v
103 LsM fidedinaisesiuiilumsinaljnser vnldmsi ldihaaas

=X A

Lﬂ' o d‘ Qc; 1 d' [} [ YA
iWetnuNgurgiainit 800°C Jeiinnunere iz UsulgeidauaInaldiinnuainso
o as/‘ a g a a { 1 . .
Tunisi Wi 1dwanuusidnnsetin uazuuvlossiin ¥5eMN158n31 Mixed lonic and
. & o Yy dy A a aaa A d?l I ™ qu’ dy [
Electronic Conductor (MIEC) @aagildiiiunlunmsinalfasounuiwiuninuiiotaq
1 o g [ [ wva g qu’ o A
unIna e lmir i 18630 msdsudseiaaua Inaldiaaantiaiu MIEC wuk1d 2 33

(Singhal and Kendall, 2003) 1&un
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o o @ a . o w ! )
1. duiluiaeFalsznou (Composite): Tagiiagnansoi Wiy

]
% [ o

siannsoiin mmauiuTaanansaii i uuuleseiin 19y LSM + YSZ (Yang, Wei, and

q

aaa v @ a

1 E4 [
Roosen, 2003) Faminal§nsensantuveseendiouluiagyiatidsnunanuiinm TPB ua

Y ' Y H 3 Y 4
msnauiuvedigafiaesriagioiuiuives TPB 1¥nszatodregiinuileiag dwudas

E4
ad A v

A Ay a2 A I A A ) @ A ) @ 13 A
G]”Illgﬂ‘i/] 2.3 (NANN) ITUNUDA AD Lﬂuﬂ”liL‘Wll‘l/l”NLE]@ﬂﬁ”IWS‘LI’JﬁﬂTH]%H”I?JWWﬁllﬂu Uany
Y

4
dodrnalunmsmugulassaiiganialiiaglinnungudi uaz ¥ iagneaesrinogannu

3 =) a d!

Tag lumasuilanuiandnwsiianil

q

E4
a a v

XY A o aAan gy A an A v
2. Gl“]ﬂﬁﬂ 1 MIEC Glumu,m: ITUUVDA 7D ﬂﬁlﬂﬂﬂgﬂiﬁﬂiﬂﬂ“ﬁumﬂ\i

)Y

Y 14
1 aaa

pondluluiaquiaiihilasifaogmwizuine TPB 1w msizaunsonalnsen

= a o

1 Y 1
1aTasnsesznivaeua Ao oongiau nuiaquaina uazina ldAMmnunAznguvesiang

QU a q

= = o

1 9 o Yo = c?/‘ a ad a
unIna uatidoides e msvzi i iagiimai Ilihgenwuyleesiin uazuuuddnnsein
% o @ { va ] @ o
lunandeanuildern Jaqhlauauiadu MIEC 1y Taquueselalnaniilosoulu

o 1 < A . 2 9 A 1 o (3K
Auids B 1flu Co Fe 150 Ni daudl Co vzfimnmsiinludhge uas TEC gaun dszun
-6 -1 R 1 A o 9 1 A o ~ Yo
20 x 10°°C” e limanz Moz ldau Tusamensssiduuniag MIEC 71 1d5uanuaula
dg‘ A [ . & o Y
WINAU Ao Y9 La , Ni O, ., ¥93i Ins9ar3 19111 Ruddlesden-Popper

3n+l1

U

24 386 Ruddlesden-Popper (RP)

241  anvazlnssadnavesiag RP

Y 1

Tnsea$19v093aq Ruddlesden-Popper (RP) lAgnineuns Iy Ruddlesden 1az

U

Popper 1ull f.71. 1958 (Ruddlesden and Popper, 1958) Jaf RP ﬁqmﬁﬂﬂrﬂu A

q

n+1BnO3n+l

[ A [ ) A a Y (]
(n =12 3 uag o) lag Ailulessuvaniegludumliiiieznonoondnudeusouog
O S ad s ad 1
12 azaow niulooouvsaneani 1ailidsn (Alkaline earth) H391155195 N (Rare carth) 1AL
Ca Sr Ba La-Lu @3u B fio lesouniniegludumisiiiozaonsonginudeusoog
% 3 Aa o '
6 xnoy UMiulansunIUFTY (Transition metal) 14uA Ti V Mn Fe Co Ni Nb Zr Ru
(Y] 091} 1 4
W30 Pb Inseasavesiag RP Usznoudlreduni Iassadrsunummesonalng (ABO,)
A A o A 1 @ I aa 9 = v W 3 PR 9
NFsadugouaoniy 3 U@ A1eyUYDI00ANLFATOU (Octahedron) AU UFUNL IATIA519
o :;’ 4 y 1 [
1V Rock salt (A0) Tagnn q §109U n Fuvounssova lndfiiFesaenulunuiuny c 9xgn
v Y Y Y
AUAIBFUVDI Rock salt 911731 1 %4 adudulihwsuiimmiz luuuiuny ¢ (Greenblatt, 1997)
1 4 T @ 4 5 I
aruluszuny ab azweudenudls Insaadrawuumesena'lng w3euu Rock salt Fa1lu

Y i
Tassasrauu@edriulunaazdnvednes awgili 2.4
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Perovskite 2

511 2.4 Mm3daiToaezAouY011ATI519 Ruddlesden-Popper (Demina et al., 2005)

Y v
v W %

A ¥ o o ¥ 4 o
ﬂﬁ‘VIllTﬂiQﬁiNlﬂJiJ Rock salt ﬁa‘]_lﬂ‘]JIﬂi\‘lﬁi"lﬂuﬂ']_llwai@?\lﬁ]lﬂﬁ ﬂQLlLlﬁ@]Tﬂ'Jll']JGU’OQ'Jﬁﬂ
=4

G

E4
v A

= P £ A o o o o = P
RP mmﬂullﬂammuwm o AO(ABO3)n Tﬂﬂ?ﬁﬂ RP @1%3U n AN 9 mmuqmllﬂ ANU

'
= Y

o n=1:digasna i Ae A,BO, n3eiFana1Tnsead e K,NiF,

v
2

qasina 1y fe A,B,0, 0 1598319 Sr,Ti,0,

fad)}

® =2
e -3 digasiall fe A,B,0,, 3elaseadha S Ti0,,
e n—oo: figasiiali fie ABO, wieTassadrumesenlaIng
o -4 fulaseadreiibindos uazih ldifumlaien 1en uderony'ld
ludnvasiusmioglumlaves RP 7ifl n < 4

k4
Jaq RP laaaudanianioniwuuy 2 48 Ao Tunuiszuivvessuni

;?_pe& =)

4 va @ 4 ' o
Taseadrauumeseddlng (lunurszuiu ab) puantidvesiag RP Jusgiusiuiu

4 a @ ' o
L‘W’Oiﬂ%lﬂ]lﬂﬁ (n) ‘ﬁii?J"]fW]eU’lel’f)’f)’f)u A ANVINMNUTE UATYUITTHINNUTSUDI B-O-B Uag
v

Uswmoeendiauneglulaseadie Taslusuideiideniinisdnu1iag rp luaszya

Lan+lNan3n+1
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242  AaaNUAved La , Ni O,

n+1 n+1

24.2.1 LaNiO,;(n=1)
. A o o a o 1 a A a a
La,NiO, ; Ndunszilunssemalng danudunaiiesndoumy
11 1uTAs9a$19 (Oxygen excess, 8) Taounsnmau10gludnUg Interstitial (Ling et al., 1999;
[ 9
Skinner and Kilner, 2000; Jenning and Skinner, 2002) 1J311”|m6umaaﬂﬁmuﬁmwﬁ'mﬁuagﬁu
a . a A a Y 24 I
gatigliaz Oxygen partial pressure N5IAALONFIWAY HazmsUTVUszgues NiT™ Ty
3+t Y 9 Aa a csy . . [ A [] = 1
Ni'" 181 Tasaadaniianuiaiiien (Distortion) 811H0IM110ANY TUNOAAUTEH 14
& ¢ v @ 9y . a = 2
sumosonalnd fudu Rock salt 1uTnsead e KNiF, inaanuadesuiniu
Y
anudalisnvealassadaarusafiuia 1da1na1 Goldschmidt

tolerance factor (t) M1Ud UAI5N 2.10 (Greenblatt, 1997; Singhal and Kendall, 2003)

Goldschmidt tolerance factor (t) = (r,, +1,) / \/2_(rNi2+’ Nize T 10) (2.10)

A v A . . . . A 9 o3| a A Y 1 =
rfov mmaﬂaaau (Effective ionic radius) «mummﬂu”laaau%uﬂmmﬂu LAVYUIATANUDY
a 1 @ dgl L% o Y M v Y a T v A
"laaaunmummqnuaaﬂllﬂ VURYNVITUIUDEADNADNITOL TﬂEJ‘VI’JllﬂiJﬂBN@Qﬂ”Iiﬂll
#1150 loosuniornoudansoUsIUIUAIT 9 MUAITA 1000 UVDILYUUBY (Shannon’s

'
Y =

ionic radii) (Shannon, 1976) d1wiuiaani lassadrauuumesena’lnd vin tiaudrlnd 1
=2 A =3 Y a A [ 4 . 19 ]
WNWEITJ\‘HJEﬂﬂi\‘lWﬁﬂl!ﬂﬂjﬂﬁ\iﬁﬁ'l\?ﬂ%‘]'q@uﬂﬂ o lﬂugﬂgﬂ‘ﬂ’lﬁﬂ (Cubic) 46101071 t 119910 1
= = = A . a a & S @
WNWUQQNEﬂﬂiQWﬁﬂLLUU Tetragonal ¥15® Orthorhombic A DIINAITNUALUYI T1HTU
Tassasangaundves KNiF, ia1 t oglusie 0.866 < t < 1.0 Taedi Iaseadwmanuuy
Tetragonal ¥q %ﬂagﬂu Space group 14/mmm
[ 9 a a a 3 =S [ £ A
UDNITINAT t LA ﬂiNWﬂlﬂl@\i@@ﬂ“ﬂ‘ﬂumu ) Lﬂuﬂﬂ'ﬂ‘ﬂ‘ﬂﬂ‘ﬁu\‘]“ﬂ
=} 1 Y 1
Nwaﬂﬂiﬂi\‘]ﬁi'l\‘] YU
® 5= 0: ilas9a¥1MANIUD Orthorhombic 33anglu Space
group Bmab
A Y . & o [l
®  0.02<8<0.03: UIATIATINUY Distored tetragonal ¥I9ADY
Tu Space group P42/ncm
®  0.055~38~0.137: Hlasearany Tetragonal symmetry (Ideal
K,NiF,) g ‘{Tﬂagﬂu Space group I4/mmm

®  0.168 ~ & ~0.18: 1 In39e5191111 Orthorhombic
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Undieduns 1z luusse1nIa LaNio, , 9211 & ~ 0.15 Tnmauiia

Wuesnadniw p-type ﬁqmwgﬁ@‘h 1H9991nN3 Hopping V93 Ni*/ Ni™* (Kharton et al.,
2004) uangungiiilszum 327-497°C (600-770 K) msiilvihezaes 9 nldsuainuouy

¥ o a

£ 3 A = a Y A
nsdni lfunuuTang iesninmsgadoesngiauninlnssaiiuilogurgiige nazms
o a . % g v o ) . [ S
augatszpildusua N dududniihanas nrsi Idihees LaNio, ; Tailu
k4
) a v W 4 1 1
Anisotropic fio M35111 Tl luiamsvuunusumeseva lnd Auuuaszuiu ab) Targenn
F4 F4
o a o @ o 4 1
msih i ludaneasninduszunuvessumesela lnd (lutuannu o) Uszana 1000 1
_ a 4 d o wyd g -
ANIO,,; dznalaiperniadios 14 e losou A 1u La, Nd 3o Pr
<3| A~ < ' dy ] a < Y . y A
win A ilulesounfvwmaanniiiiag hisusomadulassadrc KNF, 18 1iesan
] @ 09/’ Jd @ c?/‘ a :
anw hiauganuvesiwesed Ind AUFU Rock salt (Tolerance effect) N15IAN Sr FaT V1A
Tnainiud 1 luTassadwagsroaanaiunion (Strain) Mnaainaa1ulinednuves

a

c?/‘ o 3 Jd o Y v = 42‘ dy o 1 o 4
1 Rock salt fugumosoalnd sl Inssadraadesiu uenainil Srderreiliguugi
{ A H [ ) .. d o o o
Mnansasuntasdnyaznsi 1wl (Transition temperature) 31 UN A1 1110

a dg’ d' Q;
puuTane MaduNgurgiaiag

2422  LaNi,0.  (n=2)
. A A aAav a a
La,Ni,O, ; a3enlunssermmlnagniiaeendiauaianie

Y . £ A . A a

1N 1ATIATN (Oxygen deficient, d) Fanavnmsvianie llves Apical oxygen 19 90NYLIU

£ ] o A g A 1w ' 3 4 u’zl A 1a o A
Faog ludumiaiitlugaouaenusznindumesed Indaestuieganny awgili 2.5

o Apical oxygen

3191 2.5 @wwrisues Apical oxygen TuTnsaad19uod La,Ni,0, ; (Poltavets et al., 2006)
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Flow O,/425°C High pressure O,/500°C
La;Ni,O, ;. g > LaNi,O, > La,Ni,0

H,/Ar/450°C Air/425°C

7.00

Flow 0,/425°C | | Hy/N,/450°C

La,Ni,O

6.64

= = . P Aa a ]
51N 2.6 NILVIUMIATEN LaNi,O, 5 1¥NoonFauuIa1uTu10A19 ) (Greenblatt, 1997)

LaNiLO,; aToulunssernialndi & ~ 0.08 Ao figasifu
La,Ni,0,,, tana1u1saaonliiineondnuvialulsuia 5=0 0.08 0.16 #30 0.65
13amnszuaumslugli 2.6 Ysinmeenduviaiinade Tnseadrawdn uasnuauia
msth Wi Tae Fully reduce phase (8 = 0.65) Ao La,Ni,O, ., 1 In598319WANUUY Tetragonal
fisaodlu Space group /mmm Hmsii Il fuuuidanh LaNiLO,,, 6 = 0.08) fiTasaada
HANLLY Orthorhombic: Space group Fmmm ﬁﬂﬁﬁﬂ‘l’\lﬂNUUﬁﬂﬁ?ﬁW Gluﬁumxﬁl Fully oxygen
G=0) M0 La,Ni,O, Fanfilaseadrandniduuuy Orthorhombic: Space group Fmmm

wrudeanunauimath ooy Tane anudumuliihiguvainesves LaNi,0

U

60p HbAT

La,Ni,0, Hiffioutags Ao Uszana 107-10% Q.em

2423  LaNi,O,, (n=3)

A g A Ao @ Y .
vuravodlooon A Maniga Ndinssnurlaseadie AN,O,

q
[

I a a { I
1314 Ao Nd 10 A 3]y Pr vi5e Nd aztialassasanieandauaia luaaznin A 1y La
Y Y A A a = . . c?/‘ a =) .
vzlalassadaniioonFauned (Stoichiometry) #1515z 00 VNI 3 ¥ila Av PrNi,0,
Nd,Ni,O,, , 1182 La,Ni,0,, sarasqaauiia lumsih ooy Tane

2.43 MO NNIV

ninmssuamuniinitenatengui lakinsiteneanudag La_ Ni.O, .,

U

2431  QWIWNNYIND La,NiO,,; (n=1)
Skinner and Kilner (2000) Anwiaisiszney La, St NiO, 5 110

a 1

a s
x = 0 uaz 0.1 Tagn38uA1035 Modified citrate route ttaziiuna TaniNgaivgil 1000°C W3
Y
M4a131/52n01 La,NiO, ;5 (x = 0) A La, ,Sr, ,NiO, 5 (x = 0.1) WiaveenFia¥uveiiniia
1 Y] 1 4 o J a [ ] 4 a
Toooumidude +2.48 uamileduraa1lSuiaa1sduiutved0onF1ay (Oxygen

a o J a a 1
stoichiometry) Tagn15ATIZHINOS IUNTIILUNT (Thermogravimetric analysis) W31
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A19ONFIIUAIUAUYB La,NiO, s 19111 0.24+0.01 uag La, ,Sr, NiO,,5 M1 0.19£0.01

449

1 [ Y o Y a 1 a A A [ o [ 4
uaaemsladaie sr i ldeengnuaiunuidsuaanas nasnhwarnausiuaa laniun
[ dgj I ] 9 ] 4 Aaa < A Aa Y
oavugitlutrunanvadurmIguanald 13 Nawas uazninnguvgi 1370°C 71elda

4 4 ] 1 ] Aa
usseInAe1snou e 19 ldaunuiuyInnd 95% vesnunuIlFang ui
(Theoretical density) 1AaZANBUNEIRVAITUNTVDIDONTLIU 10DOU (Oxygen diffusion) WL

F4
a =<

. ! a { < 1 . A '
La,NiO,,; UMIUNTUDI00NFIIUNTIN La, ,Sr, N0, 5 HALEQUHYNTIVU MTUNTUD
a4 2 g & A
PONFIUBIGIVULLVIONG IWuUIFea
Tang, Dass, and Manthiram (2000) fint1 La, A NiO, (4 =Ca Sr Ba)
= o [ Y an 1 09/’ 9 £ 3 [ A Y
Tagnsaud1081907833AnazNaUI N na1sasduFuiuars luasa duarsnyae 1
= (% 1 9 d’ 1 [ dy
AnANOU Ao KOH meruny K,Co, wun Idma@ervesans lundazoynsy Al
o 3t 1Ad1e Ca: 1310 0<x<0.6
o nsaladesrip0<x<15
o nitilfdie Ba o 0<x<1.1
Y] 1 $ (%) @ 1 { a [
NNA081991 171428 Ba w50 Ca azdledanlaldae Sr TudFunm x < 0.6 udasdnyme
o £ o o ] a9y = 1 Y] 1 As o 9
msih Iihuouasnednih aaeassgungiitesds 527°C (800 K) daudiod1ei 1ailaae Sr
a { [ ) o ) 3
TS x > 0.6 uaasmsasuulasdanvazmarih Iifhanvuunedni lddunoy Tane
Kilner and Shaw (2002) 19534 La,Ni Co O, (x=0.1 0.2 0.5) de

a

a { J I o
7% Nitrate/Citric acid route IHWNgQNgA 1350°C Tuussermanisnon Wual 12 43 1u
Y A o ' Y ' A [ a a 1 a
lamlai@eamnaied1s on3ua2e619 x = 0.5 WU La,0, Woilu Jasanlsuasongaudiumnu

Y [ ' o w <
1Aty 0.14 0.16 0.18 uaz 0.22 U1 x =0 0.1 0.2 118 0.5 MUAIANY NATOLANUIS?
1 a < dgl d‘ dgl d‘ = a a 1 =)
TumsunsveI0enFan WUNRAGIVUILD Co WINTY 1HRINNNITMMoONFIRUAIWAY
2
WINAYU
=2 ! . 9 ad .
Makhnach et al. (2002) ANEINITINTYY La, Ce NiO, 1875 Solid
. ax . 1 . ] a g a Y
state reaction (¢ I Citrate gel WUNMDUNTUVDI La, Ce NiO, Tiansamnadwda@enla
1 Aa 1<
uainauenilu La,NiO, CeO uag NiO
= d' (% 1 ) 1
Al Daroukh et al. (2003) Anuufgrnua1NITi1 Wi uaza1 TEC
= = ' J o A~ A
nSeuifiousgninaisdsznouwesedalnd La_Sr MO, nuasisenou RP filin=10

La, Sr MO, (M = Ni Co Fe Mn) lng1a38ua1392073 Solid state reaction WuUU3u1813

E4
v A

%) { o i ° o 1 1
181 sr ndenslamlapoadmsuasuaazoynsuiia Al
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® La, SrNiO;H00<x<15
® La, SrCoO, 1 0.5<x<15
® La, SrFeO, o 1<x<13
4 2 a
® La, SrMnO, 140 x < 1.2 uazaziades luussernialnd
k4
Tuzilveseonguaiaminiy

a

amsiilWihwes La, SrNio, uag La, Sr CoO, Ngmninil 800°C

18g Oxygen partial pressure tjﬂﬂ?ﬁ 1 Pa ﬁﬁ1qqq¢1lﬁﬂﬂ 100 S.cm” 1A Oxygen partial pressure
° 1 o S A 09/’ A dy 1 = ] ] o
A1n11 1 Pa m3th Ielihiisasas iesninasiaesriail luades uansasasvesainigi
1 1 J 4 @ J 4
IWihaesenslungu RP 211l n = 1 1091 WenlSeuieunumsyszneulungunesea’lng

A . A = = @ A o a v
Ao La, SrNiO, ag La,_Sr.CoO, tiotlFouneunuluiseosvesdulscdninisversdn

v
a A =

A Y 1 1 ° 1 A A
IUBNITNAIIUIDU wmm1ﬂur1qu RPNy n=1un1 TEC @1ﬂ?1ﬁ1ilW@i@WﬁUlﬂﬁﬂN

Tooou M wila@enu

. = v AA 1 a
Fontaine et al. (2004) Anw1flavenTUmanensinala vazvuia
BUNIAVDI La,NiO, s 1INM51A380e31/52n0UAIWIT Pechini method Wuiladoae o dawa
Q dg’
97
9 9 [ 1
o anuduTuvedleosuvedlavzluaisazaiy: danane
mstnamavesasdseneu tinldanududuvesleosulans 0.15-0.60 Tua/ans wun
A A 9 9 a 1 3 ~ = 9 A . 1
arsazarenianududu 0.15 Tua/das iuims oy ldildidedves La,Nio,,, d9u
Ao Y Y ' a a g . A
AazaeNUANVINIUFINI 0.15 Tua/ans e ulaved La,Ni,0, uag La,0, 1991y
o yiipuasesNilnine Polymerization: dewanpyUIADYNIA
{2 Aaa @ Aa
Taon1319¥a13 Polymerization M un5AGAN (Citric acid) WAy UeNaU InanDA (Ethylene
) I Y A < 1 9 an = .
glycol) m“lw“lﬂmgmﬂwmmmaﬂﬂ:nmﬂ% LINFINNAUNATSUU (Hexamethylenetetramine)
o  anududuvea1siiliine Polymerization: daNanUUIA
A Yy 9 9 o q Y ¥ A 3 '
aumn Tagasniianuduiutiosazinld ldeunaddvuamanni
v
Y] [ 1 a| o
®  ANUNIAYBIAITALAIIAIAY: AIHAADANUHUIVDINAY
o 3 o . o = o
Tumsindludauuna (Thin film) ¥ ldanuuiiavesssazatsuin sz ldiauianunn
2
WINVU

o gangilumsm: gangilumsmlugae 80o-1000°C 11

9
a = o

1 1 a d = [ 9 d‘ d' Y =
TINARDANUHUIVOIN AN Lmllﬂﬂﬂﬂiﬂi\iﬁﬁ\ii]‘ﬂﬂ1ﬂ TﬂEJLEJ@LN1%Qﬂ!WﬂNﬁQﬂJuV]11WLﬂ§HN

U EY

Id? IS) ' dg’
ﬂluWﬂﬁlﬁﬂJfUu LAZUANUHUUUUNINVU
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) = ) .
Amow and Skinner (2006) Ain®1 La,Ni, Co O, g La, SmNiO, 5

T3 oua131)52noURI83T Pechini method Tun3diveg La,Ni, Co,0,.s Wui1 ldmaidsuile

d' A o d' =1 =
0.0 < x < 0.2 o lue1na uag 0.3 < x < 1.0 o luussemae1snou Wetlseuie
vAa 1 (Y] 1 d' =1 1 d' = 4
auiialumelunqualtedanmionlueinia nazamslunguieseulunsseiniaersnou
[ a I A A (a A dg‘ A A dgl [ ) A A dgl
WU NFUA A UNUT AL Co iiuaY uaa1n131i Iihanaaiie Co uy
[ o ] 1 o ad 4 =y =} o [
nagoun1n1si1 I Taenidredvasuuiaqaaning lad 1lSewfeuiusgning

Jagoianinslad 2 ¥ila fio Ce,,Gd,,0,; (DGO-10) 1V La,,Sr, Ga, Mg, ,0, s (LSGM-9182)

@ a

wuhmaih lWihiisgenduifel¥iuiagddnIns ladwila LSGM-9182

q

dIUn38V0I La, SmNiO, s Wud lAmaAeiio 0.0 <y < 1.1

v F4 ]
fmJﬂJ1maaﬂmﬁ]umummwuﬁmﬁei@fﬂ Sm LWIuliJLﬂHLLH?IﬂiJ@H?JﬂiNWﬂHI@Q Sm

' o L S | A 1 v A ' 0 o 1 A
mmim”l%lﬂnwmuma Sm INUUU !,LGI!JJ’E)‘V]ﬂﬁ@‘UﬂWm’iuWulWﬂFll’e)WI?’t]ElNﬂ‘lMiN‘iJu

ad

J A 1 1 o A
aranIns ladwia La,,Sr,,Ga, Mg,,0, ; (LSGM-8282) Wu31a1n1511 I faaaiie sm
S 4 - 4 ey 4 v
MUY Feorutesnninnamslaswaiie ldau lUsceenils Tasnasnmsnaaen wula
Yo Nio Junumlaves Ni™ yuiivesdeday = 1.1 ug inuludiedna y = 0.1
Corbel and Lacorre (2006) finb1ms 19auvesiaquna Ina La,NioO, 4

a ad

faufuiagoianinglad LaMo,0, Taata3 oy La,NiO

a

1.5 #1837 Nitrate method Tagn151i1

La,0, 118z Nio mazatealensa luain udrldnnudouasudriazaeszivenua’ly nazina

9 d = o s A o . 1Y A
n1ae Tndl armiud i ldimnnaland iiewine La,NiO, , WIHaUAY La,Mo,0, azikh

4+8

Aa ' a ) aaa Y I . !
QUNYINA 9 WU La,NiO, ;1182 La,Mo,0, 1naM 31 nsennuilu La,MoO, t1ag NiO 0

v Y v
gangiaiies 600°C Aiuiag LaNio, 118 La,Mo,0, 34 limanzezihunldauswiu

v
U

2432 OWIWNNYIND La,Ni,0,,, (n=2)

Carvalho et al. (1997) AnvuSovifisvauiiaves La  NiO;,. s

(n =2 1ag 3) NATeUIINITANUAD Nitrate route 1ag Citrate route WLIIHIVEGINHATILDIN

o ﬂqqq 9

Citrate route 191701 un15h1lgnse1esna1 uazlinimai ldihndaldlusrequugi

1J o _ o = a9 J ‘]Jd' c?/‘ dy d' d']JQ a Gl
TTUIU -160°C DQUUYNHBIFINIT AIUFUN 2.7 NMIUIUBIVIIINNUUTUIUDDNGLIIU LU

U U

Taseadraunnn
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0.5 0.012
I ™ I P
0.4—: ! 1 ﬁ”Pg
) ] ‘Qg Obtained by nitrate route g 0.008 Obtained by nitrate route  o=°
o e o Y. =
=] E v
2 0.2 2
2 0.1 .
1 Obtained by citrate route Il Obtained by citrate route
0.0 4+————m—7F"—"—"—"1— - 0.000 +—————F—————T1———
0 100 200 300 0 100 200 300

Temperature (K)

Temperature (K)

:J = = 1 9 J zi = 9 as .
zﬂ‘ﬂ 2.7 L‘L]iﬁl‘UL‘V]EJ‘UﬂWﬂ’JHJﬂWH‘VHuul“l/‘lﬁﬁ%ﬁ’]ﬁﬁﬁﬂlﬂﬁﬂhﬂ’]ﬂi)‘ﬁ Nitrate route LDg

Citrate route U84 (0) La,Ni,O, ; (V) La,Ni,O, . (Carvalho et al., 1997)

Ling et al. (1999) 10383 La,Ni,0, ,, A187% Solid state reaction 1Y
= . 9 ad . 1 o 1 a =
19301 La,Ni,0, #2835 Nitrate method nagoua1nsii Wil lugisguungil -273°C 89 27°C

WU La,Ni,0, , Iemsi Idihgendn iesaniidsuiaeengauuinn i Auiuanuen

E4
WUFZUDI Ni-O 119DNAZIATIA VDIAI0Y1 La,Ni,O NHANATOUMTASNVUHINTOU

7.02

] Y
(Neutron diffraction) WUITWUTLUDI Ni—O J1UUUILAY ¢ NADNUFY Rock salt YA1WE1)

Y
! % v

' v @ { J
WINANWUTE Ni-O TUUUITSUI ab LagWUTE Ni-O Tuuuunu Anenudumeseilalng
d! ddy (% d‘ . 1 = v dy
FansAUNVAVEI50U  Tuoynsy La, NiO, . (n=1 2 uag 3) ¥uAgINY UanIInil

ganu s luoynsu La

N0, (n=1 2 uay 3) UYuUeanuse Ni-O-Ni TuiuIs2uIl ab

3n+1

1w ¢ A a J [ [~ o
minulszana 1700 Gdl);\‘llﬂﬂ%1ﬂﬂ1i'ﬂﬂlﬁﬂ?ﬂl@ﬂ@ﬂﬂﬂggﬂﬁﬂa amﬂuwam*ﬂmmiﬁmmwuﬁz

v 9 v
Ni~O N¢19A D% Rock salt 131/ 2.8
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']Jﬁ 2.8 ANHAUY ﬂﬁ‘UﬂﬂJEJ’J"]JE’NE’)’E)ﬂ@]waﬂiﬂaiuﬁﬁﬂ La , NiO

3n+1

m@ n=1 2 ua¢ 3 (Ling et al., 1999)

Park et al. (2001) AnyuSouiiouainisi lvihwes La Nio

3n+1

(n=1 2 uag o) ldun LaNiO, , La,Ni,0,,, La,Ni,O, ,, 1Az LaNiO, Inawn3oudi1silsznou

A28737 Citrate based sol-gel process Ian1nsii Wil lugregurgiivesasliie 260°c aw

a

31 “VI 2.9 WUN LaNiO, (°]N§J n =00 LAY LaGuaaﬂmﬂﬁvummuﬂma%aamﬂu +3 1Ny 100%)

Ado

Hanwuznsni Wi vy Tany mawwawmwnuma La,Ni,0,,, (9% n =2 uag

ueenFiasuassinifa leoswdlu +3 Uszuia 44%) Hanuaenmisi f oy Tany

[

1 = 2 1 o Id? % a tﬂ' .
wwdeanu Tagarnisir lddunu lddusvguugtl Tuvmed LaNi,0 YUY

=
630 N
d
¥

[u—

msh dihwuonsdant vagiismsirdiddindn LaNio,,, @91 LaNiO, , (%38 n=

6.94 4.15 (

=

a @ a A <3| a2 o o
uamaﬁuaaﬂmmwmmuﬂma%a@mﬂu +3 Uszunum 30%) 3Jaﬂ‘]elillgﬂ'l'iHWUlV‘IﬂWL!U‘iJﬂ\?ﬁ’)u'l

Tagarmsii Idihfiguugitesdinit LaNio, Uszuia 100 11 Fesdrauainisiia Il
= a Y o Y@ dy . .
Nguungiiiesninga ldr1aaedl LaNio, > La,Ni,0 > LayNi,0, ., Ha 1 Hiiu

4.15 6.30

> La,NiO

6.94

4 k4 4
amsi i iuegiunsdausu n vazdSum Ni''
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R (Q.cm)

0 50 100 150 200 250 300
Temperature (K)

1 2.9 naasanyuzmsih ilihves LaNio, , LaNi,0,,, La,Ni,0,,, 1Az LaNiO,

U

Tuaeguun e -260°C (Park et al., 2001)

U

Nedilko et al. (2004) An¥1AWIAYDI La, CaNi,O,; (0 < x < 2.0)
= Y an v qu’ Y A g Y
TﬂﬂmiEJEJET”ISﬂ’JEJ’J‘ﬁG]ﬂG]%ﬂ@L!E’JlJ i]”lﬂﬁ”li@QﬁﬂﬂlﬂﬂﬁWiﬁ%ﬂTﬂqulﬁiﬁ uaﬂ% K,CO,
3 A Y o ~ a I o 1 AA (A
Lﬂuﬁﬁ‘ﬂ“ﬁ’)ﬁliﬁﬁﬂﬂ%ﬂﬂu NAUNINYUHN YU 1000°C Wuan 8 G]S?Ill\‘] NUNESNVYSHY Ca
[l { . 1 A a g .
Turaa x = 0-0.8 ldimaifeves La, Ca Ni,O, ;iAo x > 0.8 1Aailuais La, CaNiO,, 1ae

La,., Ca N0, , ‘avooniiadumasvesiiniialosouananin 2.63 Tudede x = 0

Xty

a

< @ [ o 1 o @ [ [
W 2.34 Tudiedis x = 0.8 Sammati liihvesdiedis x =0 02 uaz 0.4 Tusregunail

U

= 1 o d‘ a dg’
-198°C f19 27°C wunmsth Irlihasaaiiodsum ca mniu
Amow, Davidson, and Skinner (2006) AnyuSouiieuauauliAv0

@151U52n0U La_ Ni O, . (n=1 2 uaz3) Iaua3oua1582035 Pechini method A20n13111

Y k4
paun1iy lumsa uazinifa luase wazaieii @unsadasn wazienau lnanea 91niy
° v Yy 9 ! v v A J g
il Tanudoudrouiuldnnuion (Hot plate) tivesziietiosn suasazatenaioiluma

) o { a I
(Gel) udr9arih I ldudameldqyaine Ngumgiiszum 180°C iWunar 1 Au dues

a

S ° o ! < <
nanelulvy (Foam) 3athunua wazih liienluemanguuigil 750°C Wunan 4 42Tug
Y H 2
vindwih lnigungi nagnaaeiudmsuiaaza06196 91l
A a <3| o
® =L wNguugl 1350°C 1ual 4 ¥ Tug
A a < [
® n=2:NQMMYH 1100°C 1Hura1 2 Ju

{ a < [
® n=3:wNgunNi 1050°C 1Wual 6
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4
WAIINUUFUNU DU IRUIIAUNIAANIT A28u599Y 300 MPa waztniinit 1@ 1daaw
NUWUUVDIAI0819 n = 1: > 85% @IU n=2 1A% n=3: ~ 58% nadovlsumoonsaulay
Y
Thermogravimetric analysis WU31870819 n = 1 HUTWIUOONFIVWAWNIAY 0.15 AIUUTS

= 9y o . = 9 =2 & @ ll
mauqmllmﬂu La,NiO Hlaseasemaniuy Tetragonal %Qﬂﬂﬂgiu Space group I4/mmm

IS

4 i1
fisnduszanimsveneaaiiesninanuieulusisgumgil 75-900°C Yszum 13.8 x 10°C”

4.15

@ ]

=Y o d! a9y = a 1
Nﬁﬂ‘]&lﬂ!%ﬂWinlWﬂ1&!‘U‘Uﬂ\W]’J1ﬂ ﬁ]1ﬂQﬂ‘l‘ﬁ'QllT‘ifN%uﬂi@mﬁghﬂﬁ%uWﬂ! 400°C tagnoy 9

a 1

4 g 4 . o
naswdlunny Tave Ngumgiigand 400°C danaaalugili 2.10

U U

T (°C)
0 200 400 600 800 1000
200 L i i i i i
] A ® La,NiO,
128 1 A O La3Ni206.95
1 .. A LaNi,O, .
140 2
‘g 120 A ik
S a,
% 100 1 R
@) 30 o WP La, &
] . “e, i
60 A . oﬂmUDooo
40 1 . nﬂ 2000
20 wonoee?
LEe e S GH TSN O B N Sww RN BRT T e Omm sun T
200 400 600 800 1000 1200
T (K)
s 2.10 mmailWihwes LaNio,,, LaNi,O,,, 18z LaNi,0,, Tuseguugivos

4 900°C (Amow, Davidson, and Skinner, 2006)

Y
%

S (A a ' o [ =KX A
2 NﬂiiJ”lﬂlﬂﬂﬂ“]iH]‘l!“’lJ”lﬂllﬂwnﬂ‘]_l 0.05 AIUUINVYIU

#9874 n

Y . = Y == = ] A
qm“lmﬂu La,Ni,0 11A59a319WaNIUY Orthorhombic “]Ni]ﬂﬂgﬂu Space group Fmmm A1

6.95

TEC Tuga9gairigil 75-900°C Uszunar 13.2 x 10°°C" wazwuniwnisversanilosnin
v a d' o A a o v =
ANuiou Inmsnlasunlasnnuiungungilszum 275°C daaasalegnas lugli 2.11

g { I
Fautuwannnmaasunailnsaad19wan (Phase transition) 910 Orthorhombic 11151

a

Tetragonal A1 TEC Tu%239gaungil 75-275°C 111 10.5 x 10°C” aza1 TEC Tusragaingil

G

1 o -6 -1 A Y =2 dy A v 9
275-900°C Mm1nUY 13.2x 10 °C minJaauuﬂaﬂﬂimﬁnwaﬂummmauﬂu%mﬂwa XRD

=

A a 2 ' Y ~ <3| ~ = A
Nungiige FanuNAagAuveITz U1y (020) nag (200) 1Wasulihiufiadenr augln

2.12(n)



T (°C)
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1.2 4 =====e LazNiOMS i
4 ——La,Ni,0, i
1.0 4 - La,Ni,O, ;¢ = ’

ALL, (%)

400 600 800 1000 1200
T (K)

d’ d’ @ 1 Y Lﬂ' 9
s 2.1 manlasuuilasanuduvesnsainsversdiiiednnanuieu

Y94 La,Ni,O, ,, (Amow, Davidson, and Skinner, 2006)

1100 o (q)
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0 324K
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20 (°C)
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A A9 ¥ 3 o a 9 =2 A A
51]‘1/] 2.12 XRD pattern TI“F‘lTiL‘W‘L!aﬂ‘]&lﬂl%ﬂ15lﬂaﬂuuﬂﬂ\ﬂﬂiﬂﬁi1ﬂWaﬂﬂqmﬁguqqmﬂﬂ

U

(1) La,Ni, O, ,, (V) La,Ni,O, . (Amow, Davidson, and Skinner, 2006)
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1ngUd 2.12 () quugdinanisasuniaslns s 19#@n (Transition temperature) 10
1 ] Y
316°C Famaasundaslaseaduandntidnanednyaznsii ldivesdied1an =2 Tas
A Ay = A £~ Y . o
Nourigidosaudsgurgiiszuia 275°C 493 1n59a319101 Orthorhombic AAIANHME
o o o { @ o I { a 1
mai ldihuuunedii saznldsudnvazmsi i ldidusuu Tanz Aguvgiigenin
d! = 9 Y d' [y L] = o o' 1
275°C %95 159319110 Tetragonal 15131910319 2.10 29619 n = 2 Tamsh Trlihdin
) v Y
n =1 UAENNTAUIDIANANUHUIUUGI n = 1: > 85% UAZ n = 2: ~ 58% 239A1A' 1671 HINNI

doefedatianuruiumny amsai lWihvesn =2 szgeniin=1

9
&Y

@ 1 A (A a ' o (2 2K A
@101 n = 3 Hsmmeendgouaia Ui 0.22 Auiniudon
& . = ' '
gaslailu La,Ni,0, , 1 TAs9e3199@nN1DY Orthorhombic Faiavglu Space group Fmmm a1
TEC Tuseguugil 75-900°C Uszam 13.2 x 10°C” namsilasuntlaclnseadandn
] = v .. A o 9 A =
I FUIABINY n =2 1A8 Transition temperature ‘Vlﬁﬂ!,ﬂﬁvlﬂmﬂlﬂﬁ XRD GIHJE“IJ‘V] 2.12 (v) AD
Uszuim 485°C Hanwuznisi ldiwvuTanzaaeasreguugil 75-900°C nagdian
. N C e o
msihlWihgange WenlSouieuszninediedn n=1 n=2 wag n=3 awgli 2.10
UFNANUAUIMUUYBIAIBEN n =3 (~ 58%) AINTAI0E1 n =1 (> 85%)
Bannikov and Cherepanov (2006) imseualsiseney La,NiO,
La,Ni,O, La,Ni,0,, ag LaNiO, 910 Citrate route NATDUANUITDITNQUNYNFI agg
v v 2
wannmmai ihfigamgil 300-1300°C wundmmsih s sedrdunngalidrlad il
LaNiO,> La,Ni,0,, > La,Ni,0, > La,NiO, mu31/# 2.13 Taglugasqungil 300°C dailszanm

a

v [ ) 1 ) a3 4

1000°C @159naa Tanwmzmsih i lang Ae mmsi lWihasasdndeologuigil
Y v
g wazwusmsth luihues Lanio, anasedadundunguugiidszuia 980°C wazan
m3th IWfhves La,Ni,0, uaz La,Ni,0,, anasedniunauiguvgilszuna 1200°C Fauaag
' a @ 3| A = a o a a A
Nasdszneunamsuanal liifluasou msfnyuavesndiatuimasvesiinna looou
TasguinlSuinvesoondian wuduavesndasuimasvesinna loooulisianauie
9 v

QN FIVUIAZ Oxygen partial pressure a0A4 LAzIAYDONTFIATUIRABVD NN TooouTy

@13 La,Ni,0, Umdnnluais LaNi,0,, tduo
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224 v
1 g, 'v,"
= [ |
2.0 ...l::l‘l'h-llll..
T 8
1.8 oenes v g
2 . ** tenssnpnenh
g 16 -.
) . ® LaNiO,, .
o 1.4 ® LaNio,
on
2 1 A LaNiO, .
1.2 - v LaNiO,
1.0 4 aAddaga,
Aaay, ]
] daa, :
0.8' “'l“

T ] T T T T
200 400 600 800 1000 1200 1400

Temperature (°C)

1 2.13 waasmmsii Iihwes LaNio, La,Ni,0, La,Ni,0,, tag LaNiO,

U

11!“]?’;1\1@&!14@‘53 300-1300°C (Bannikov and Cherepanov, 2006)

Poltavets et al. (2006) An¥1 AT 19azaniaveIa1sdiznou

La,Ni,0, 1182 La,Ni,O, ,, 1a81a38% La,Ni,0, 32075 Sol-gel Pechini technique 1911115561018

a { a I~ o 3 a z
panFauNgawigl 1250°C tJura1 100 F21ue 1w luusseInIAeNFIIUDNATY

a

{ 3 o [ .
Ngangni 500°C 1Huna 5 ¥ 103 uazw3eua1slszno La,Ni,O, 5, 1a8n1511815 La,Ni,0,

U

a

o v o { g o ' a
lilihnsSanduluussernia 10% Hy/Ar fgungdl 400°C ifluna 12 42 Tus wueendiau
a A a A ] o VoA A 1 1 g J qg./’ qu’
nvaniell e eondnunedludumisiiouaoszrineyuveunssewe Inansao iy

. A o 1 ~ ~ a v o 1 dy ~
(Apical oxygen) A9 AN O(1) a3l 2.14 Tasleondnuegludwmistimealssunal

1 c?/‘ ~ a o A A =KX A o Ya a ~ [ Y
35% itin Tuvagiosndauludwmniaduiingy 100% bnailitinna lessuieglnd
[ a d' A . A o a 9 = Y 1 a a a
Aueenduiiviell fie Ni2) I mueendnudonseuiios 5 @1 avninnaleoeuilnd
A . Ay = a Y o ' o ] . ] = @
A9 Ni(1) NABINBBNFIUABNTBV 6 A7 HASWUNAWNUIYBY Ni(2) dz0glUIzUIVREINY
nueondaulunuiszuiu ab Tuvmzd Ni(1) Tieglunuiszuy uavzgnaadliogndniy

o Y] . @ { A 1 1 c?/‘ 4 ng/ 1 .

Apical oxygen #11#ANUe1INUSE Ni-O ArliFeunoszninssumesonalng dund1 Ni-0

] 9
A 1 g v o

o A Y Y a a dy
ANTOUADNUFU Rock salt 1114 laseasranamsUaen
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La(2)0(2)

Ni(1)0@3),
La(1)O(1)
Ni(1)0@3),
La(2)0(2)

La(2)0(2)
Ni(2)0(3),
La(1)d,,,
Ni(2)0(3),
La(2)0(2)

@® La ¢-Ni ¢-O 0O, -Oxygen vacancy

A v A . £~ a <3 = = Y
E‘IJVI 2.14 MIAL3899¢ADNVDY (M) La,Ni,O, FINIUIUDDNFAUAN nlseumeuny

(V) La,Ni,O, 9N MIU0ONTFIIUUIA (Poltavets et al., 2006)

Weng et al. (2008) 1383 La_, Ni.O, , (n = 1 2 3 1@ag o) A1075

n+l

Hydrothermal flow coprecipitation method WUI1H20814 La,NiO, 5 (n=1) I@mlapeandam

a

A < o = A (A
una leinguugil 1000°C tunat 6 ¥2Tus Hvuraeynia 127420 w1 Tumas JUSuw

U

a Y 1w @ 1 . Y = @ 4
pondnululaseadraminy 4.18 @19619 La,Ni,0.,; (n =2) lalaifervduniuaa lad

A a 3| o = A A A
ngauvigy 1150°C Wuan 12 "]f’JTlN UUUINDUNIA 424+80 uﬂumm HilSuueendgiau

' o v ! o ’a
TuTaseadiamdn 7.08  @19619 LaNi,0,,.; (n = 3) lawla@ervdaumuaa lningumngi

Rl

1075°C Wlunan 12 ¥ Tus Tvunaeynia 249441 wTuwas J15aunaeendoululassade

a

: o { I
(n = o0) Idenderndaumuna lsningamngi 750°C iunan

U

A 9.54 1AZAIDE1N LaNiO,
6 #1109 Huuaoynia 50 x 100 w1 Tuwas JuSumeendnululaseadruniny 2.91

2433 OWIWwNNEIND La,Ni,0,,,; (n=3)
Amow, Au, and Davidson (2006) 19383 La,Ni; C0,0,,5(0.0< x <
A .. a a A I a '
3.0; Ax = 0.2) #2833 Pechini method Tagldenau'lnanea uaznsadasn Wuaisesnsuaun
P a [~ @ 1
wuna laiNgurgil 1100°C Wunar 12 42 Tus Tasaslungu 0.0 < x < 1.8 w1 lueinis
1 1 4 { a
dauaslungu 2.0 < x < 3.0 deuwnlunssemaeIsneuidse lawmaen AnuSua
a a 4 1 3 1 {
90nF19U1AY Thermogravimetric analysis N101AdanN12¢302% WuNA1INT 2 Ao AU

oA J S A a A d? A a A d?
Tuorme L!ﬁ$ﬂﬁ]iJ“VlLWflu‘Uiﬁﬁﬂﬂ1ﬂfJ'lﬁﬂfJu HUsuaeengwNuIUeUT M Co NN
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Jaansi dihaeadegevuna 12 x 12 x 1.88 Jaawas nianuvuuuilszana 40%

YDIANNHU WU UTING BT 1INgUNUIR09D3 900°C 11018 §283F Van der Pauw method

1 . A o ) :;’ 1 a9 =
WU LaNi,0,.; Banvazmsih IdiuouTanzdsuaquugidesauds 900°c Tagnis

10+
' v '

0 A A A =< = v A 2 A £

i ihiiaasaulolSuim Co unAuaune x = 2.0 uaznduMNGIUUILD x > 2.0 H3019
I { 4 a A -4
Wumaunmanasunaasves Co /Co’ WolTuar Co iy

Aawv dy Y A =2 £ 3 o A A
Tuamadeii ldidendnyt La,Ni,0,; ¥uiluiaq RP 911 n=2 luaszga

7+0

. 3 A 4 9 2 ! 9 1 . o
La_ Ni O, iWumsiiugiu iosnindoyandnyininuil ufian LaNio, (n = co) aziirlWih

qaua liiados Tavezuandnilu La,0, uaz NiO Hguuaiigandi 850°C (Zhu, 2005; Chiba,

Yoshimura, and Sakurai, 1999; Ruiz de Larramendi et al., 2007) f La,NiO,(n=1) il uvle

a

duerlwile1¥uiigumai 900°C fluna 2 /a3 (Amow, Davidson, and Skinner, 2006)

U

dn¥en LaNi,0,, (n = 3) Fmsdansizi 1den uazldnaumuaalsiite 18 1 diaiaen iy
19811414 (Amow, Davidson, and Skinner, 2006) uaﬂﬂmfré’l’q"lﬁ’ﬁwmﬁﬁﬂyﬁaﬂ RP #11]
n=2luasgnaveaaunniv-unsniiaeon o (La,Mn,0,) nazuaunnin-lauean
o0n |94 (La,C0,0,.;) Lﬁaﬁﬂmmwmﬂu"lﬂ"lﬁ”lumﬁﬁﬁ’ﬁﬂmdﬁfu11%’;?Ju’5ﬁﬂggﬂTmﬁm%’u

s & a s 2 a a v
Lcﬁaalﬁfﬂlwﬂ\?@@ﬂllc]fﬂ"l]@ﬂu‘llﬂQm%{]llﬂ1uﬂﬂ”lﬂ@ﬂﬂ?ﬂ

Vo
v A VU W

2434  IeNngINUIag (LaM),Mn,0,,; (n=2)

Q

vinnmisAuadilinudoyaves LaMn,0,  nanudeyavos

2

& 3
(LaM)Mn,0,; %35 Insaad 19wy RP 71l n=2 Tae M Ao Sr Ca w30 Ba 1Hudu uaznuy

7+0

. ' a g a Y A
318391UVDY Seshadri et al. (1997) 01 La,, Sr ., Mn,O, natua@ed1diie 025 < x <0.5

2-2x 7 1+2x

Aa v A

Taga 11 (Lar) Mn,0,  iuSagiliddnuiteniunis1dlse Tominiesdunsdman i

nuATeiNeanuiag (LaM),Mn,0, dun
o 4 9
Shen et al. (1999) @AY La, ,(Sr,, Ca )Mn,0, (x = 0.0-0.8) A2Y

4
a Y (
7% Solid state reaction 1%a13A9AU AD La,0, SrCO, CaCO, 1tag MnO, WAa a1l luo e

N < o = A N & o Y
QNWQN 1200°C nJunm 24 G]S’JI?J\‘] LW1W1!ﬂ‘VIQﬂWiQ3J 1400°C !1]1!!’)@11 24 GIf’JIlN ATUAIYLNN

. Sh

a <3| o o Y < { a
Ngavigl 1500°C 1Hunal 24 $21ua e daulia tazwingungil 1500°C Tueinie
<3| o ' A a a g =
Wuna 24 1709 910Wa XRD Wu1Nngashil Ca luilsua x = 0.0-0.8 adlumlafe
19 = Y a A Y v A o Y =
uAMHIN x > 0.8 w3on ldinamlaided lasn wazdnimamsuanda 1dluenia eyaiativing
4o 4 - 4
Trguiiodsuna ca vniu Tastivualszana 2 luTasmas e x = 0 uaz 5 lulaswas

A
e x=0.8
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[ 4
Chen et al. (2002) qunsigrvaisisenew La, ,(Sr, ,Ca, )Mn,0O, Tagy

A

= = = 3 ad
ﬁﬂBTLﬂifJTJLV]EJUﬂu 215 A
am . . Y o Yy A
(1) 77 Solid state reaction: 1¥a1509aY Ao La,0, SrCO, CaCO,
o Y o o A A 2 o
uag MnO, nasuanauuai llwuaa lanilueimeanguwgd 1200°C 1unat 24 42T
qg.: Y ~ a I o Y ~ a I

mﬂuuumtmmm’qﬂmgm 1400°C Lﬂul3ﬂ1 24 GIVJT?JQ LLa%UﬂLLﬂ'JLN1T]quQ11 1500°C l,‘lJu

I~ Y a

o ) { J o
a1 24 ¥ 19 ua saaua s nin luemangumgil 1500°C Wunal 24 ¥l

U

Qe

9

(2) 7% Citrate gel: 111a1579AU ¥ 14U La(NO,),.6H,0 Sr(NO,),

Ca(NO,),.4H,0 uaz Mn(NO,),4H,0 azawlumsazaronsagasn U5 pH 1w lddszanam 6

9 A

aroonau lawliu (Ethylenediamine) 92 lad1sazaneld sl Inanufouniguungii 910°C

<3| a

~ IS =2 o A b <Y
uJunm 30 UMN %zﬂmmﬂu Gel “l]\‘luﬂ“lJLWWIQﬂ!ﬁﬂiJ 280°C Glufﬂfﬂﬁ mﬂumwmﬂallc]mm&l

a 1 S v thd'
UUJUUASLIANTUIAYINVITN (1)

o (] 1 a o 4
N7 XRD Y94A10619NA38uA287T Citrate gel Haamuaa lay]

a v a

& o P A a Ay A v A A
Lﬂunm 2 GIS'JIN\‘] WU'JnillLﬂﬂlﬂﬁﬂﬁ@\?ﬂ’liﬂ@ﬂ!ﬁﬂﬂﬁlﬂﬂﬁ’l 1200°C llﬁgqﬂ!Wﬁ!ﬂﬂﬁﬂqmﬁﬂN

U U

1400-1500°C #a910 SEM WUNIT Citrate gel Idoumavinailszuna 2 lulaswas idnnin3s

q

. . £ o dyw ' A A Y ag .
Solid state reaction FINUUIALTZI10U 4 ullliﬂﬁmﬁﬁ UDNIINUIIWUNFITNATINAIYIT Solid
a @ a I 1
state reaction YN IANANITHABNIT1HINU thatTunsuvialugidszuia 6 TuTaswas
A4 VoA o w oaa
WAWINT NI UAIINUNUIT Citrate gel
. 2 va ] a3 Y
Schiipp et al. (2005) Anw1autianisusivan uag liveaiaq

La, ,Sr, Mn, Ru O, (x=0 0.05 0.1 0.2 0.5) Taaassua151/52noUA875 Solid state reaction

(% =)

! v . . A a g =X a '
Famuuni Tnydu (Magnetization) 1/1Qamguwmaﬂﬂﬂumqmwguﬂixmm -260°C WUMN

]
a

= { voog . . .
Qﬂ!‘ﬁ{]%ﬁtﬂﬂﬂﬁlﬂaEJ‘L!LL‘]J@Q‘VINLUJWiaﬂ (Magnetic transition temperature n3o Curie

]

dg‘ d’ a dg‘ ! A‘ 4 1 1 a A 5
temperature, T) ga¥uilio15ua Ru windiu uaiiefammai luihlussgumvgideany

o a

' ¢V 1 o o A o ! aa = v
W11 115101 Ru “lmm’mJfmwuw%mwmaqmwgumﬂﬂmsgﬂaauuﬂmaﬂymz
m 351 W7 (Insulator to metal transition temperature, T,,,)

o J
Cherif et al. (2007) ¥A31¢¥ La, (Sr,_Ba ), Mn,O, (0 < x < 0.6)
9 ax 9 09; 9 A a
A1078 Sol-gel 1¥@13@9dU Ao La,0, SrCO, BaCO, uaz Mn(NO,), azawlunsaluain

Y Y
Bunsasasn uazenaulnanoa a2 ldarsazarsla vmiuiirlUduaz 1d Gel dirana 11l

~ a ~ a A 1 a S Jd Y a o
2UNYUWNU 300°C LAaZIWINGUH YU 600°C !Wf)hlaﬁWifJu‘ﬂiEl uaz“lﬁ”lumimﬂ@miumm

U U

=

Y = o ) v & 09)1 =] a < o o Y3 v
%Ulﬂmﬁm uﬂﬂaﬂmﬂ NUUFINUNNYUN YN 1000°C Wuan 24 615'3111\‘] !,Laz‘wﬂmfmm

E]

1 < 091’ 2 o @ g’ = QsJ‘ 1 Y ~ A
ANBYMNIIALTII IMNUUINHIUIUA DA LASINIFIBDNAT WU’JW“@W‘I’GTL@EJ’J&N@ x = 0.0-0.6
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uazwav1n SEM wua1ldeyninuuia 20-320 i Tuiwas m3lalaae Ba 1ld T aaasain
-122°C 1ije x = 0 1iJu -181°C 1ifo x = 0.6
Reddy and Kistaiah (2007) wseuaislszney La, ,(Sr, ;. Ca )Mn,0,

(0.0 < x <0.4) A2877F Citrate gel Jasmsih Ihangamgiiesasaudsguugil -193°C

]
% 1 =

v 15 A S o o £ o )
WU318208190 16 TA1 Ca Ao La, ,Sr, Mn,0, TanvmznisirIdduundiiii an

a9

=< a c?/‘ a d' (% o
qmﬁﬂwmawmumqmﬁguﬂizmm -147°C mﬂuumﬂmﬁLﬂaﬂuuﬂmaﬂymzﬂ13u1"l1/\|1711

U

[~ [2) a [ o 09; { @

liiflunnuTane uagmslal ca TudSunandies x = 0.1 ¥redudansnlasunilasanyue
Y
s Wdhila
Yu et al. (2007) AnwN La, ,Sr, Mn, ,TE, O, (TE = Cr Mn F Co
. = Y as . . < A a 3

Ni Cu Zn) Taeta3ond15152noUa1e3% Solid state reaction W WHNNQmMgil 1450°C 1fluran

c:/ [ 1 o a 9y = a [ [l d‘
40 %1 Tus Jammai luihenguvgines asunaudiguugiidszuim -260°C wuNA9819%

156 a { [ o t o o [~
hilad Ao La, Sr, Mn,0. szinamslasunasansazmsii Wi vinuouiedni lilu
~ a VA [ 9 a o 1 Y
vuuTaneNgungll T,, = -161°C uatla Talade Tavignsudsudanali T, anad Iag Zn
< o A o Y o A A dy (Y Av o 1
iWuddh i T, anasdrga Ao Il T,, = -185°C wonaniins Talale Tanensugdudadana
H 4
Tamsi Ifhanasdae sndumwiz cr Ahld T, sazaimaih Ilihgedu Sesdwoma
[ a o { o 1 o v J

woans Iaddae Targnsugdu Avldainsi Iiihaaaseinunlides deil cu> zn> Fe
> Co > Ni

Yaremchenko et al. (2008) AN¥1HAaU0IN15 11 Ni lagtaon

E4
IS o

| dg’ A v A A ) [
LaSr,Mn,O, iuensitugu ilesnnarsdiitiainath Iihgengadmsuarslueynsuves

La,, Sr,,, Mn,0, 1n8n131a380e15152N0Y LaSr,Mn, Ni O, (y = 0-0.6) #7803 VIUNT

1+2x

3| a J
Tnadu-Tumsa (Glycine-nitrate process) Ingldarsazate lwasaluarseonguaun uaz1¥
N o & A : o Y y v
arsazane InaduiluFomaanag Chelating agent 1w mauin nazldnnuiouauas
a o o { o ' a A a S
mamswn Tuddredues vudn Tdnua wazih liwn ldensoun3d nguugil 900°C ifunan

2 2 Tug i lUSaunufiamaden Ao 350-400 MPa wnnAigaval 1400-1550°C 11y

U

1381 10-40 ¥ 1ua wunludledranTaddre Ni ludSuia y = 0-0.2 1dwladeandaum

v
a J

d' a d A a
Nguugl 1450°C minrnigaingil 1500°C szwuavounosond Indidolu nazdlsmmues

U

v Y 1 v v
wamesonalndaziuunyudiomumnarlumswns ludiegranladdlre Ni lulsuia

a ]

y =0.4 lala@omaumnigauunid 1500°C daudi0199 y = 0.6 i lalai@en wagwumla

U

S Y A A v & o ) ° ' .
WiTaseaauuy RP 18 n = 1 Aoy daiumsTad Ni Tudwmiis Mn ¥09 LaSt,Mn, Ni O, 5

d’ Gl a o % a d'
masenluussenmalna nalsuiantszana 25%
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wanisnaasua1n13i1 W1 wuarainisi lifg20 (Total

A v

.. ) a d a 3 @ £ a
conductivity) ll”Iﬁ]"Iﬂﬂ"IiLl”IHI,T\IﬁML‘U‘]J’rDLaﬂT]iﬂuﬂL']JuWﬂﬂ GBQ?Jﬂ”IﬁQﬂ'J”ILL‘]J‘]Jlli’J@’OUﬂ

U

' 1 ~ o3| o Aa o w 0
y1NHNIT 10000 N1 LLa%LLiJQﬂ”Iuﬁ"li’)@i’)‘L!L']J‘L!@]'JTIlI‘]JV]U1V]ﬁ1ﬂﬂ11uﬂ1§u11ﬂﬂﬂ!ﬂﬂ

9

a a a

v I o
B1aNNINN M1INATBY Seebeck coefficient aainalndunisyir Iy n-type
Y v
amsih Tl luaeguuigil 700-950°C TiTuegiyu Oxygen partial pressure duNgaungil
4 4 va o ¥ 4 _
aah 7 950°C auan1sin i luTns)asuuraaiie Oxygen partial pressure aaa g
uaa1n15u IS uanaaed1991 9 10 Oxygen partial pressure #1031 107" atm ta e
1 o ] @ @ A . o 1 -12 £ g
mmam"lﬂﬁm@mammuwauma Oxygen partial pressure 110731 10 ~ atm Fudunan1n

[~ A
Msuanaila RPN n=1

U W

2435  OWdeNneInuian La,, Co0,,,, (n=1uaz 3)

n+1

vinnsduad linodeyaveuld La,Co,0, ; i Tassadanyy

7+0

]
= (%

Mlin = 2 wanudeyauINeNeINY La,CoO,; 11a% La,Co0

7

& = 9
s ¥R Iaseadauny RP

10+
A o w k4 '
NUn=14uUaY n=3AUA1AD ]'lﬂl;!,ﬂ

Sanchez-Andujar and Sefiaris-Rodriguez (2004) WmIeua1sUsenoy

Ln, Sr,,CoO, (Ln =La Nd Gd) Tagn1sagaie Ln,0, SrCO, Hag Co(NO,),6H,0 1u

1+x

i1 Y
nia luasn thuwauiuuaz Iianudeuiesziedriazaieoen miniunay KNO, aqlil

a

Y o A a S o A I o
LLﬁ’JUﬂﬂLWW]QﬂL‘H{]EJ 450°C nJunm 2 GH’JTEN UA uazmmqmwm 650°C Lﬂunm 48 GB?IEN

U

{ a I o { a I
ua uazrnNgangil 900°C 1Hunan 24 ¥ Tus wazgaieua uazwnguvgil 975°C 1funan

U q

24 $2 19 o lunsdii Ln Ao La alenfonile 0 < x < 0.4 n3di Nd 1ilo 0 < x < 03 uay
n3dl Gd 1o 0<x < 0.2

Riza and Ftikos (2007) 1384 LaSrCo, .M, .0, (M = Co Fe Mn Ni)
wag La, ,Sr, Co, M, 0, (M =Co Ni) @2073 Citrate synthesis and pyrolysis method tW11tAa las i

= a < M ~ < o o &
Ngunnil 1000°C 1Jurial 15 ¥ 119 valuszdIny (Acetone) tiurian 24 4213 davugil

09; =< A a <3| o 1 @ ] 9 A A
NUURIRUNNGUY QN 1250°C Wuan 15 G]S’JIIJ\‘] W‘iJ’JW!ﬂﬁ'J’E]Eﬂ\ﬂﬂW\'ﬁL@EI’NI?N RP Ny
=

(%) o a 1 4 .
n=1uaziIn59a$19MANIVY Tetragonal M3 Ialde srilFUTunsvesnuload (Unit

Y

v £
cell volume) aaad A1 TEC tindu A1 Wi lugisgumngiiiesdis 1000°C anas dau
U

9

1Ada%l Ni < Co<Mn <F

[

M3 18111 B-site M1 1S uasv0aniIasadanas oaaude
wazemathWihF s du 188 aT Mn < Fe < Ni

Zhong and Zeng (2006) 191383 LaSrCo, Mn O, (x=0.1 0.3 0.5) Tag
mMswaua1sazate lunsaveslavy AUnIATaAIn uay Ethylene Diamine Tetraacitric Acid

Y Y A v o 3 2 o P a o
(EDTA) Gl,wmmsﬂumﬂizmElm‘mazmﬂ mﬂuumuﬂﬂmumall%u%qm‘wmmn 1 DU
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181 500 650 800 taz 950°C tazlFIa NN ILFA AU IdUA 4 6 8 tay 10 ¥2Tud WU

a

A ad D) o A Y a o
ﬁﬁi’ﬁﬁ/]iﬂ”ﬂLNTVlWNWNﬂWﬂQLNTﬂQﬂ!WﬂN 500°C nghlﬂl,WﬁLﬂfl'J"U@\i LalSrCOl_anxO4 GNIYA R

U
]

4 a I o a 1 1 v [
una lmingamngil 650°C 1Wunan 6 92109 gl d WA ULIAD N IALINATIIAUN LY
1 A 9] dgl o Y a 24+ a o =
uazwu o lal Mo wndui1dSunm co’ anas wazmuvondeduveuaniia losou

1 1A
dmlvgae +3
El Shinawi and Greaves (2008) i138ua131/32noU LaSrCO,Fe 0,5
a 7 a
uag La, ,Sr,,Co,Fe,,0,5 92835 Solid state reaction tW1AA T Ngaigil 1350°C n1o1d

o ) ) A a <3|
mimmﬁ”luimmmﬂunm 30 Glf'ﬂllxi HIWUA UASININGUKINU 800°C Glummﬁ Wuan

a

12 %2 w4 tionTouA108 19N 0NFIUNDA LAz NgUWYL 800°C TUUITEINIA 10% H/N,

U

I o A = @ [ A A a A

Wumar 12 $2Tue 1hNota3euA219819NN00NFLIUVIA AD LaSrCO, Fe, O, ,. A
' o ' P A Aa A 9 =

La,,Sr, Co, Fe, .0, . WU MAA20619 lala@edrves RP A1l n =1 §lassadawanuuy

Tetragonal N1900811 Space group 14/mmm 100oUVDY Co LAZ Fe NIza0AMUUGN 0g1u

o 1 . a [ 3 @ [ 1 a Y]

@MU B-site 19 Fe Ntavoondasindlu +3 Tunndle619 d1uavoonsasuyed Co 1

o [ A a A 09/’ 3 o (] A a a3

dreg1anToenguaneunIvuaily +2 uaz ludlredrantoengsauneaily +3
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® (1D x Y9I S*tMoO . N, 191191 19.8-18.5 = 1.3 M UIUAUAVDONFIATY

1.95" "1.05

YDA SIMoO, , N, ,, IMIAY y = [(6-4)/(22.7-18.5) x 1.3] + 4= 4.62

1.95

® 1iio x Y84 SIMoO, (N, ,, 1111 19.6-18.5 = 1.1 R UIUAUAVDONTFIAT

1.81

W9 StMoO, N, , 1&MITY y = [(6-4)/(22.7-18.5) x 1.1] + 4 = 4.52 Faduaa laminual

1.81

[DVYDDNFATUIINNITTIVNUVOI Logvinovich et al. (2007)
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2522 HANAAIADNWAIIY
a d‘ 9 d’ o a a <

ueaguIasaseudn ldarmaseas uiauassuInsasouwdluneaavid

~ ) A R Y Y K A o A ) Y A
(LEINTIMAUNAWA1IND) VA IFHANINOAALEDNNEI91Y (Monochromator crystal) 1¥i1ae

Vo T Ay P} & Y 2 A A A A iy ° o 2 o A
UANAINIUBFINADINT IFIU Fa019 I BHANNEITUIASY 15D 2 FU dIHSUNANAALADN

Y] { v Ao a 4

NN UNTDINABDY Beamline 8 (BL-8) a1 uIdouasdulaiasou (09An15ur1sy) 14

= 2 A
FEUUNAN 2 U @I'INETJ“VI 2.25

Bragg plane

White X-rays

Y

[ Fixed offset

N,
>

2" Crystal Monochromatic X-rays

~ Y KR v A Y] a [ 9 4
Eﬂ‘ﬂ 2.25 M3 lFranAaeNNaINUIINLEIFUIATATOU Aunmn ANWYPUITU, 2549)
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Lﬁ@t!ﬁ\i%uTf"l5@]5’f)LlG]ﬂﬂ521TI?J‘]J‘L!?%‘L!”I?JNﬁﬂﬁ”IﬂJHMHJiﬂﬂ (Bragg angle) i]mﬂﬂﬂ”liﬁx‘ﬁ)@u

uaaeenu I UANE I UL AdDIMIANUNYVBULTAA (Bragg’s law) AIaUATA 2.13
nA = 2dsin(6,) (2.13)

J2ETUNTEHINTZUUozAuMY TUMAD
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o

o

A v a3 I
AINYIIAAUUDITIALDNY

D > o

o]

3y 2D
[e0}

YUANNTENUNTAINTZUIVVRINGN

[

o dy [ o 9y a
AAUVDINITLAYUUU (n =1 ﬁ”l“l’iillﬂ"li(lﬂf\ﬂuﬂﬂ@)

=
e}

= =

FananuaazrialszezsenIszauany 3aimnlslumsdamennaaaulugisanaiu

AULAAIAIDENIAINAITIN 2.2

A o 1 = =2 Aq Y v A [
A15197 2.2 LEAIAI0819KAN tazseuuvesHani g lunsAaa@enna s

a @ t4
Nnuarulasasou Aunmn ﬂéﬁﬁlfiﬂﬁim, 2549)

YA (32UD) VoIWan 5202 2d (A) Frandsnui ldannisazien V)
InSb(111) 7.481 1830-7000
Si(111) 6.271 2180-8350
Ge(220) 4.001 3440-13000

2.5.2.3 Ionization chamber
[N £ o A @ v A 3 o @ 9 1
A IUNANAAIRDNNAINY SaTianFazgnianNITNILaInD Y
@ ] @ [l Ay = Y A A 1 . . £ g 1
HATHAINZQHIUAI08 1 NABINTANY A2891UNTaiNGTENIN Tonization chamber Huilune
4 ' v ) v v %
ussqund nelunedszneudirouduTanziirTad 2 wdunsvuuisdulszanw 12
Aa 1 Y o 1 v A No ag CaRl 1 dy [ v A g 4 o
wuaas aonny liihanuaedndge WeollSsd@dndriuned wasnuveadondazit
4 ! l ' Y o3| ad
Tdunanvssyegmelunonanda (lonization) eomiluleseunin nazdianaseu uazgnea
v { 3 o ! 4 v Jd o
Wnwdn Tavznda Tdhasedudu awgl 2.26 naziiieasginsal Jaununsuies
o 9 Y a A a o W & @
awnsaaanuduues Idanlsmunszua ldihfmasnnsuandivewnd Fwna nag
o o Aq Y L. Y A v YR w A
ANUAUVDWNAN1HUTI9N8TY Tonization chamber ApuADNIHIMINZAUAVFIINGINIUAN

Y 9 9
doamslsluminaaniaie
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Current high-voltage
meter source

X-ray transparent window IE Cj -+ +

|

f b
| Photon beam Atom q_(i on
1 >

l Gas % Electron
L2 'i
Electrode

3 171 2.26 1aNNI59191UUD4 Tonization chamber (University of Wuppertal, www, 2000)

2.5.3 MIIASLNAIDEITHSUIA XANES
[ 1 o [ d' 9 A v A g 4 [ 9
A10819d 115 UM 1dNadoUNIIgANANSIABNFUVUNZQHIUADY
A o I~ 1 oAA o [ 1 A g 9 ~ Y
Hanwazluurdundanunindszana 5-30 lulaswes dwvsudiedrantlunsdounasne 14

duniuTaslszaudadlomilnnfiiinnian Inale'lud (Polyimide) #3011l Kapton 130

A

d! 9) =1 1 9 1 (D=} dy
BU 9 cvwmummwmlluuaaﬂm 25 lliJIﬂiliJ@'li uax”luumiﬂmﬂaumﬂewammﬁm
Ay == o v W Il A d 9 = g9 1 A 9 o
NABDINITIANYI ﬁWWiU@I’JfJEﬂ\‘]ﬂLﬂHGUfNLWa’WIfJ\iﬂJQﬂﬂiﬂﬂﬁlﬂuWLﬁ‘]el LA DIIADININIT

13 o ] Y < J
LLGIﬂLGU\WI'J'f]EJ'I\‘]GlW@QiuﬁﬂWH%ﬂl@\HW\‘lﬂ@u

v
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2.5.4 MmO NNeIV9

mvenldmaiia XANES lumsdnuiavoondaduueaiinmna

4
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= =~
Topou Uil

v A J

Park et al. (2001) AN UABINUNTYANAUTITIONGN N K-edge 11

< 4

a1515¢noVU La, NiO, , (n=1 2uaz o) lagian1sganausedondunungquiu

IS4

~ Y . 3| KR o A [ Y . . 9 o ~ [
NYUNJUNON ‘16]5 Si(311) WukanAaaeANaIY Llag‘l% Ni-foil A1 TUFADUNYUNAINIU

Rl

. . A (% Y @ A 9 A
WU Main absorption peak 9gNWAINU 8345-8350 eV wazidualnasuazidou lunedunil

o £ A o 2 I - 3+ £ A
Waﬂﬁ1uqqmuluﬂﬂ1uju“ﬁu n UINVU HIDDNUIUUIABDINDITIUIU NI UINVU GniJ?lﬂcﬂ 2.27
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1.6
1.4+
1.2
1.0+

0.8

1. La,Ni,O, , 400°C, H,

Normalized absorption

0'6__ 2. La,NiO, , as sintered
0'4__ 3. La,Ni,O,,, as sintered
0'2__ 4. LaNiO, as sintered
0.0 4
8325 835‘50 83I35 83;10 83215 83I50 83%5 83I60 83I65 83I70 8375
Photon energy (eV)

517 2.27 elansumsganaui Ni K-edge ¥09a151/52n01

La, NiO, ., (n=1 2uag o) (Park et al., 2001)

n+l

, = [ A v ad J
Sanchez et al. (2001) ﬁﬂ‘H’lﬁLﬂﬂﬂilJﬂWiﬂﬂﬂﬁuﬁ\‘]ﬁl@ﬂcﬁﬂlﬂq Mn

1ag Ni 1l K-edge Tua15152n91 LaNi, Mn O, (x = 0 0.1 0.25 0.5 0.75 0.9 uag 1) lag

Y
4

o A v oadg A ay ' A Y . S =
jﬂﬂTﬁﬂﬂﬂauﬁﬂﬁ!ﬂﬂ%’ﬂqmﬁﬂNﬁ@q V]QLLUUT]$QN1U LUAZLUULTDILLEN GLGIf Si(111) Lﬂuwaﬂ

U

A

AaraenNaIY  @aasun15gAnauYes Mn K-edge 1WA20879 LaNij,.Mn, .0,

2 Mn, .0, nansawilft 2.28 idenfSenifeudy LaMno, uas

LaNi, ;Mn, O, . ta& LaNi
QY vy Y o
caMnO, ilFiiludredudredandenuveanmilalesen Afmvesndmduilu +3 uas +4
AAIAY waziiasaaveenFatu fuAndsnuiveumIganauauANNFURUT LU
1UATI WU CaMnO, (+4) TNAIIIUAIIDIN LaMnO, (+3) 11171 4.4 eV tazlinveonFiadu
Y i1
AN 1 @9iuiile LaNi,,Mn, ,,0, ,, HNA991U4 19000 11910 LaMnO, 19181 1.5 eV

0. 3adanilu +3.34 vme ‘VILaNl Mn, .0, 1ay

1aUPBNFATUUDI Mn 11 LaNj

0. 25 0 7573.09 3.08

Mn,,.0, 1Wa39UH1990n 111910 LaMnO, i1nu Feiiiavesndaduyes Mn looou

0.75 0.25

LaNi

1w o Y I v o 2 A ' o Y I
mmucmﬂmamulmﬂu +3.77 ﬂ\iuu‘ﬂﬂlﬂlﬂuq@liﬂlﬂﬂﬁWﬁl!@lﬁ%@nﬁ’lNﬂWﬁﬂﬁﬂﬁz%llﬂlﬂu

+3.34 +2.55 +3.77 +2.74 +3.77

LaNi™ Mn"™" 0,, LaNi™” Mn"" 0,, uaz LaNi~" Mn~" .0, Tasisum

0.25

E4
a a 4
@@ﬂ%mumuqmﬁ 1@unnmsinsz Thermogravimetric analysis
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LaNi,,.Mn, O

0.7573.09

LaNi, Mn, O

0.5773.08

LaNi . Mn_ . O

0.75 0.2573.0

CaMnO,

Normalized absorption (arb. units)

6540 6550 6560 6570 6580
Energy (eV)

317 2.28 mﬂﬂmummﬂﬂauw Mn K-edge U949 LaNi, Mn O, (Sanchez et al., 2001)

] ' o As o
9IN51891UUBI Sanchez et al. (2001) sziin Id1umaniialoooulumsisznounnain 1l
1 v 4
@20 Ni HiaveonFadumasiuiuninnd +3 ugasiuavesndmduvesaniialosou
0, ¥4l

4 Y H
Tuasma iNMauA U +3 uag +4 1agn139 LaNi, Mn, O, 4a¥ LaNi, , M

3.08 0 25

1 4
U51na Mn Aduusiaveendindumasyeaamiia losouluamsisaesyiaiauilu +3.77
1w d! ddy d’i o Y a % a a
iy gelunsdifilioduimainnisqatlszyaz Idanavesndiaduvesiinina looou
d' 1 [ 09)1 a , Y= [ A d‘ .
Muanaesiuluansiaesyiia Sanchez et al. (2001) TdAnwalaasunisganaud Ni K-edge
XANES 403829879 LaNi, Mn, .0, ., #aaa w317 2.29 wuindudilaasuil Main absorption
1 1 . { < @ ] a o . . { < @ 1
edge 0§31 Pr,NiO, N ldiudaed199199mas1uv09 Ni** nag LaNio, #lHiiudre0619
4

9199INAIUV0I Ni' aasinavoonFiaduaostinina loooulu LaNi, Mn, .0, T3 +2

v E4
Az +3 waunu ua lifisenuiimssuauntaveongiasumasyes Ni losouluaiswiiail

waz lifmsfnuavesndnduvesiinfialesonlu LaNi, Mn, O enfSouiounady

0.25
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g 14
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§ 0.8
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g 02
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Z 0 [
8330 8340 8350 8360 8370

Energy (eV)

317 2.29 alansunisganaui Ni K-edge ¥09 LaNi, Mn, .0, , (Sanchez et al., 2001)
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NNUITeNIaeUT09il ldTedunadl NMSANYIAVOINTFIATUAIBINALIA
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XANES A1592d0981n133aailaasuuesasuiasgiuiniiuatavesngiasuiutiveu
9 Y] 091’ 9 A 9 a a @ = d'ﬂ}
Twdoununisnaasinnassaae e ldlunisnnsanaveonsiadunaovois1aiaonts

= Aq ¥ [~ A 9 = v o Ay
Any Tagasuasgiunldminduaisdszneuni Iasad T UReINUN AT NABINIS
= Y d’ [} o dg’ dy 9 a d’ a 1
Anyvg A nuuudunyu vonantins lsmatiady 9 Ysenoun1snoIaan 15U n13wl
a a a J . . . 1 9 a S A A A dg’
YT 900N FIIUINNTAATIH Thermogravimetric analysis 328 1HNANATIZHUUTOD 0TIV

Taomwizluansiszneviiivsuna ludlu lmugas (Nonstoichiometry)
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A5AUHUNTITIDEY

d Al
3.1 gunsalmazansniinlylunisnaass

A A P 9 =S @ 1 a 4 ~
Lﬂﬁ@\iﬂﬂllagQﬂﬂiﬂlﬂi‘ﬁﬁluﬂWilﬂiﬂﬂJﬂﬂﬂUN ARTITHIRZNATOVLEASIUA15197 3.1

. g
M13199 3.1 gUnssin1dlunmsnaaes

gilnsal Awde HUV/U

m?@ﬂﬂ?ﬂ Denver Instrument TC-254
Company

INUA Milano -
Magnetic stirrer Fisher Scientific -
Hot plate PMC -
pH Meter Sartorius Docu-pH Meter
Vacuum pump GAST DAA-VSI5A-ED
Transmission Electron Microscope (TEM) JEOL JEM 2010
Simultaneous Thermanalyzer (STA) TA Instruments SDT 2960
X-Ray Diffractometer (XRD) Bruker D5005
Hydraulic press Carver 2702
Cold Isostatic Press (CIP) Kobelco Dr CIP
Scanning Electron Microscope (SEM) JEOL JSM-6400
Dilatometer Netzsch DIL 402EP
DC Power supply Agilent E3620A
Multimeter (8115 ‘]J%]'WHf"i”lquiQﬁ) Hewlett Packard HP 973A
Multimeter (§1115U5an110eA138nE) Fluke 189
Multimeter (§115UIANTEUH) Agilent 3458A




53

E4
A K [ 4

Tuauadeil Anvimsdunsziasdsenay La, StM, NO,; (M N =Mn Co Ni)
Tag 1433 MIesounIa10619 3 35lFoumeudu 1aun

1. % Solid state reaction

2. ATanaznauUIIN

3. 7% Citrate gel

dti' 9 c?/‘ an d' o w
5Nl lunsnaaesng 3 35 uaadlumsen 3.2 3.3 uag 3.4 MUSIAL

~ AAq Y Y  an . .
AT 1NN 3.2 M3 UN 1 uN1INAaIA8ID Solid state reaction

Usznnens Fomst gasiadl Ay Awan
UM 5

3F] é?qéfu Lanthanum (III) oxide La,0, 99.99% | Alfa AESAR
Strontium carbonate SrCO, 99.9% Aldrich
Nickel (II) oxide NiO 99% J.T. Baker
Manganese (III) oxide Mn,0O, 99% Aldrich
Cobalt oxide Co,0, 99% Aldrich

fanan 1ONIUDA C,H,OH 99.8% Liquor

RLCERT Distillery

UANTY Organization




A A AQ Y Y as v
AT NN 3.3 msmw“lﬂumamaeqmmmﬂmﬂausm
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Uszianas Fomsm qasnil AW Awan
uqnt
o 13@%}\1@9]} U Lanthanum (III) nitrate La(NO,),.6H,0 | 99.99% Kanto
hexahydrate
Nickel (IT) nitrate hexahydrate Ni(NO,),.6H,0 99% AnalaR
Strontium (II) nitrate St(NO,), 99.5% Kanto
Manganese (II) nitrate 4-hydrate | Mn(NO,),.4H,0 97% Panreac
Cobalt (I) nitrate hexahydrate Co(NO,),.6H,0 98% Univar
asiigel | Ammonium carbonate (NH,),CO, - Riedel-de
ANASNBDU Haén
Ammonium hydrogen carbonate NH,HCO, - Carlo Erba
Potassium carbonate anhydrate K,CO, 100% J.T. Baker
Sodium carbonate anhydrous Na,CO, 100% J.T. Baker
dmazany Deionized water H,0
15199 3.4 @15aiif 19 un15NAaeIA833 Citrate gel
Usznnens Fomst qasinll Ay Awan
VTN 5
13 gﬂigf u Lanthanum (III) nitrate La(NO,),.6H,0 | 99.99% Kanto
(Oxidant) hexahydrate
Nickel (IT) nitrate hexahydrate Ni(NO,),.6H,0 99% AnalaR
Strontium (II) nitrate St(NO,), 99.5% Kanto
Manganese (II) nitrate 4-hydrate | Mn(NO,),.4H,0 97% Panreac
Cobalt (IT) nitrate hexahydrate | Co(NO,),.6H,0 | 98% | Univar
a1semas | Citric acid C,H,0,.H,0 99.7% | AnalaR
(Fuel)
@1M1a¥a1y | Deionized water H,0
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NMAT121 18910 STA

Y

Y

Anszdguugiinmnzanlu

79y

mimnma"lcﬁuma STA

4
%

avugUnUNAS (50 MPa)

A

4

P4

v =X o 1
ﬂﬂﬂluzﬂllﬂﬂllﬁiﬂum1

AUNNNANI (200 MPa)

A

4

wriinlueineigavgl 1100°C

A

4

a o
AUATNICHANHUSIRNISHL

azYaauiiansii lulih

Y

- A52980DI)N1ARIY XRD
- ATI9ABVIAVDONTIATUVDN

finnaloooudiy XANES

Y

- A52980DI)N1ARIY XRD

- a52vaeu Insvadeganindie SEM

- AAMIVENEAUTI0991ANUTDUAY Dilatometer

v o 9 ad .
- Jammsih Wihée3s pe 4-point measurement

= H an
E‘ﬂ“lfl 3.1 VUADULLASITNITNANDY



56

1 g 3 a % @ ll
iﬂﬂ?’ﬂﬁ”liJ”IiE]LL‘]NL']JuGIJu@@uLLa33%ﬂ1§ﬂﬂﬁ@ﬂiﬂﬂﬂ$&%ﬂﬂ "dﬁﬂilgflﬂﬁ'JBEJNm‘W1$ﬂ1i

E4
v A

=~ . =\ @ ] d'i 9 a A [ 9)3 1 = @
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321 MSINSUNNIAIDL
32.1.1  MSASENNIAIDEN19A8IT Solid state reaction

‘ﬁ}’sﬁlt’ﬁ Solid state reaction

Y
TUADUNITIATHUHIOYNA LaNi,O,

~ Ao & YA A A Yy an . . <3|
uﬁm“lugﬂw 3.2 GL‘L!Q”I‘L!’Ji]EJ‘L!i]%1‘11‘11’0"!]’ENNQ@‘Lgﬂ”IﬂVILG]iEJEJﬂ’JEJ’J‘H Solid state reaction 1]

4 Y
“gA3Inli-SS” 15U La,Ni 0, -SS TasaBunedunoumams o ladadl

o o Jd v a a s 3’ o { o
1. GNLLE]“LWH‘L!?J@@ﬂllGBﬂ ﬂ‘]_lumﬂﬂi’]i’]ﬂllglfﬂ AUEIMUNNATUA

o

) 9 @ I o A
2. ihanslude 1o wnvergunwiunar 5 ¥ lusluviauainii
1InTaq IndteNaurianunuIiuga (High Density Polyethylene, HDPE) Tagldgnuaiiii
a 9 I o
nnezgiu naz lHemusariludinais
) { a 3
3. ahaseauludoe 2. ldeviiquugdl 120°C 1fuman 1 Av
BTN IUDADDN
o 1 o o A a
4. hwandelduadreTngs naziir lhwuna laninguugi

Aa S Y
NUATIZH 1@010 STA

o o a a 4
sauniveon loa finthaoon lae
| |

&
<

NMuUa

< o
Uﬂwamﬂunm 5 G]S’JI?N

Y

AT gz ay

pULHINUNRN 120°C

Y

Y

Tumswnaa lsiidae STA

P Ada S Y
lW1LLﬂaUl%u‘ﬂqm'ﬁﬂﬁﬂﬂ’]lﬂﬁ’lgﬁll@%'lﬂ STA

1 4
51U 3.2 JuapuUMIIASINHIBYNIA La,Ni,0, s #2873 Solid state reaction

7+0
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= U | Y A 1
3.2.1.2 NMIAIYNNINIVYNAIYITANASNOUIIN

Y
YUADUNTIATONNIDYNIA LaNL,O, . A183TanAzNoUTIN 1AA

VES

~ av dy VA A a Y as 1 3 =\ A
Tuz1 3.3 Tuauidetiez 19yovesnsoymaimsondeITanaznous 1 1Y “gasial-a1si
[} Y ] . a c?/‘ =) Y v dy
elianaznou” 15U La,Ni,0,, -K,CO, TagoTueiunoumaason laail
1 Y
1. Yuimin uazazatsuauniulwase ienye laasa wae
a a g’ . . Y Yy 9 1 o
nnna luasa ienas laiasa Tuii1 Deionized water 1dHauduIus WV TovounIAMIAD
4
0.1 Tuans
o g‘ @ td' ] Y g’
2. Fuhwmtinuazazareaisnsielnanazneuluiil Deionized
Y Yy 9 s A v Ao A Yy
water IWHANMIuTU 0.2 Tua1s Tasnaaesarsnviolianazneulinaua 4 sia ldun
~ 4 ~ 4 ~
uowTuileumsveiua (NH,),CO,) vou Tudioy laTasaumsvea (NHHCO,) Tnunaidon
4 = 4 =~ ~ o
MIvBIUA (K,CO,) 1oy Iasunsueiua (Na,CO,) nfssumaunu
3. wead1sazarvvesarsnyielianazneuasluaisazare
< A aa [ ! ' a3
lwasa arenwirlunsvea 5-6 Haaans/uii neudunITNIUAILUNINIULIILKAND
. . o aaa A a g9 o A o3| 1
(Magnetic stirrer) a3 Ngungined aunsenaasnauianNuilunsa-a13 (pH)
N 9 Jangamsneadsnagelianaznou
Qy { a 3 o
4. nuneli (Aging) Ngungivteuiluna 1 92 Tug
5. 9AA0819AZNBUNAY Aging lasavdeuvmaLazanyMe
oUNARIY TEM
Y k4
6. 111599 1azd19828111 Deionized water 5 AS9 LALR14
F4
ASIgANIoA010N U
o Y A a < A
7. hldevudshguugd 120°C Wunan 1 Au
) ! o o A a
8. hwandalduadaeTnge naziir ldwnnalaifgungd

Aa S Y
NUATIZH 1@ STA
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msazaelunInvod A1582A19904
gauMyuazUnng msnelianaznou
| [
\ 4
NEULAZANAZNDU -
NUAI0619MT19TOVVUIA
¥ HAANYULOUNINAIY TEM
N309UAZ A1

Y

puuRIigaIigl 120°C ) -
InszHguugiinmanzay

Y

Y

Tumswuaa lsiidae STA

a

s aa 9
LNTLLﬂa"lGﬁuTI@mWQNV]’JLﬂiTgﬁﬂlﬂﬂTﬂ STA

Q

1 4
3111 3.3 TuAEUMIIAGINKIOUNIA La,Ni,0,, 5 AIUITANAZNOUTIY

3213 MSAENNIAIBE19AEIT Citrate gel

Y
YUADUNIIIATONRIOYNIA La,Ni,0,, s A1835 Citrate gel aaslugil

7+d
~ Aa o dy sid' ~ ~ 9 an . I ~ (]
N34 GL‘LN11!Gﬂﬂuﬂzl%cﬁﬂﬂlﬂﬂWQE’JL}ﬂ”IFI‘VIW]iEJ?Jﬂ’JEJ’J‘E Citrate gel 1lu “QG]iLﬂll-CG” LBU

. a :;’ = P dy
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o=IxL/(VxA) 3.1)
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La,Ni,0, 5-SS 4.44 12.89 13.88 50-293°C:  11.47

293-800°C:  13.56

La,Ni,0,,s-K,CO, 3.75 12.31 13.31 50-292°C:  10.78

292-800°C:  13.03

La,Ni,O,,s-CG 3.94 12.61 13.73 50-285°C:  11.14

285-800°C:  13.28

La, ,St, sNi,0,,5-CG 3.88 13.15 14.02 50-269°C:  11.93

269-800°C:  13.65

La, St, Ni,0,,5-CG 3.98 12.56 13.34 50-223°C: 11.33

223-800°C:  12.93
La, Sr, ,Ni,0,,5-CG 3.88 13.40 13.62
La, Sr, Ni,0,,5-CG 3.70 13.68 13.92
La,SINi,0,,5s-CG 3.74 13.51 14.24
La,Ni  ,Mn, ,0,,s-CG 3.69 12.94 13.02
La,Ni, ,Co,,0,.5-CG 3.78 13.86 14.25
La,Ni, ,Co,,0,.5-CG 3.66 14.33 14.60
La,Ni, Co, ,0,,5-CG 3.72 15.34 15.56
La, Sr, Ni ,Mn, 0,,s-CG 3.69 10.38 11.48
La, St, Ni ,Co, 0,5 3.82 14.39 16.15
La, ,S1, Ni, ,Co,;0,.5-CG 3.78 15.95 16.53
La, ,Sr, Ni, ,Co, ;0,.5-CG 3.77 14.77 14.91

La,StMn,0,5-SS 3.68 10.66 11.35 50-334°C: 10.00

334-512°C: 9.59

512-703°C:  11.43

703-800°C:  12.99

La,SrMn,0,,5-CG 3.24 9.89 10.45 50-356°C: 9.30

7+8

356-516°C: 8.36

516-800°C: 11.40
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Pattern : 00-050-0038 Radiation = 1.540600 Quality : Indexed
La,SrMn,O, 2th ioh) k|
23.429 20 1 0 1
26.563 13 1 0 3
Strontium Lanthanum Manganese Oxide 32.043 | 100 1 0 5
32.766 77 1 1 0
38.958 15 1 0 7
42.591 26 1 1 6
44.833 17 0 01 10
. 47.020 41 2 0 0
Lattice : Body-centered tetragonal Mol. Weight = 587.30 gg;ﬁ % ; % (1) 411
S.G. : [4/mmm (139) 55:296 13 1 0 11
57.955 36 2 1 5
a= 3.86400 Dx= 3232 66.926 17 2 0] 10
68.596 16 2 2 0
69.231 11 2 2 2

¢ = 20.21000

Sample preparation: A stoichiometric mixture of La203, SrO and
MnO2 (with a slight excess of SrO) was heated at 1623K for 48 hours
in flowing dry N2.

Unit cell: Reference reports: a=3.868, ¢=20.205.

General comments: Cell parameters generated by least squares
refinement.

Additional pattern: See ICDS 81192 (PDF 01-086-0494).

Data collection flag: Ambient.

Sharma, 1., Singh, D., Proc. Indian Acad. Sci. Chem. Sci., volume 107,
page 189 (1995)

Radiation : CuKal Filter : Beta
Lambda : 1.54180 d-sp : Diffractometer

SS/FOM : F16 =15(0.0330,33)
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Pattern : 00-50-0244 Radiation = 1.540600

Quality : Indexed

La,Ni,O,

Nickel Lanthanum Oxide

Lattice : Face-centered orthorhombic

S.G.: F (0

Mol. Weight = 646.11

Volume [CD] = 605.09

a = 5.40400 Dx=1.773
b =5.45400

c= 20.35440
a/b =0.99083

c/b=3.76421

Sample Preparation: Stoichiometric amounts of NiO (99.99%) and
La203 (99.999%) were dissolved in a slight excess of nitric acid
solution, followed by the addition of an equivalent molar proportion of
citric acid with respect to NiO and La203. The product obtained after
auto-combustion was ground in air at 1173K for 2 hours, followed by a
thermal treatment in air at 1423K. The final compound is better
represented by La3Ni207.03.

Unit cell: Reference reports: a=5.400(2), b=5.452(2), ¢=20.52(1).
General comments: Cell parameter generated by least squares
refinement.

Data collection flag: Ambient.

De Deus Carvalho, M., Dept. Ouimica e Bioquimica FCL, Lisboa,
Portigal., Private Communication (1998)

Radiation : CuKal Filter : Beta
Lambda : 1.54060 d-sp : Diffractometer

SS/FOM : F30=15(0.0320,64)

2th

23.475
25.945
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31.855
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38.620
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42.595
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42.275
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Pattern : 01-084-0848

Radiation = 1.540600

Quality : Calculated

LaCoO,

Lanthanum Cobalt Oxide

Lattice : Rhombohedral
S.G.: R-3c (167)

Mol. Weight = 245.84

Volume [CD] = 335.87

a= 537780 alpha = 60.80

Dx = 7.293

Vicor = 6..20

ICSD collection code: 201763
Temperature factor: ATF

Temperature of data collection: REM  TEM 20 C.
Test from ICSD: At least one TF implausible.

Cancel:
Data collection flag: Ambient.

Thornton, G., Tofield, B.C., Hewat, A.W., J. Solid State Chem., volume

61, page 301 (1986)

Calculated from ICSD using POWD-12++ (1997)

Radiation : CuKal
Lambda : 1.54060

SS/FOM : F29 =1000(0.0000,42)

Filter : Not specified

d-sp : Calculated spacings

2th

23.236
32.887
33.299
38.973
40.656
41.342
47.502
51.746
53.246
53.806
58.719
58.982
59.766
63.064
68.962
69.923
72.624
73.330
73.866
74.334
75.268
78.766
79.454
82.386
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83.698
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89.821
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Pattern : 01-089-9022 Radiation = 1.540600 Quality : Calculated
(La, Sr, JMn,0, 2th ! h k !
8.682 39 0 0 2
17.414 9 0 0 4
Lanthanum Strontium Manganese Oxide 23.428 99 1 0 1
26.249 81 0 0 6
26.537 36 1 0 3
31917 | 999 1 0 5
32.770 | 653 1 1 0
. 33.963 6 1 1 2
Lattice : Body-centered tetragonal Mol. Weight = 556.53 g 3522 ; é (1) (1) 481
S.G. : [4/mmm (139) 38.733 70 1 0 7
44.475 130 0 0 10
a= 386182 Dx = 6.089 46.496 34 1 0 9
47.023 | 348 2 0 0
47914 2 2 0 2
48.888 19 1 1 8
50.515 1 2 0 4
Z=2 54018 | 26| 0| o] 12
54.648 38 2 0 6
54.805 30 2 1 3
54.982 54 1 0 11
56.330 | 124 1 1 10
57.959 | 293 2 1 5
60.107 7 2 0 8
ICSD collection code: 089382 62498 | 26| 2| 1} 7
Temperature factor: ATF gi?% g (1) 8 %‘3‘
Temperature of data collection: REM  TEM 27 C. 64.635 31 1 11 12
Cancel: 66717 | 113 | 2| 0] 10
Data collection flag: Ambient. 68.277 16 2 1 9
68.690 84 2 2 0
69.393 1 2 2 2
71.483 1 2 2 4
73.681 5 3 0 1
73.774 8 1 1 14
73.982 18 1 0] 15
74.381 32 2 0 12
74.531 18 0 0
74.912 15 2 2 6
75.194 38 2 1 11
77.747 52 3 0 5
78.214 69 3 1 0
78.883 1 3 1 2
79.624 3 2 2 8
80.883 3 3 1 4
Argyriou, D.N., Mitchell, J.F., Radaelli, P.G., Bordallo, H.N., Cox, 81.750 5 3 0 7
D.E., Medarde, M., Jorgensen, J.D., Phys. Rev. B: Condens. Matter, 83.091 81 2| 0] 14
volume 59, page 8695 (1999) gi%g ‘Zé é % 6
Calculated from ICSD using POWD-12++ 84 686 35 1 0
85.586 45 2 2| 10
85.875 24 0 0
87.030 3 3 0 9
88.800 5 3 1 8
Radiation : CuKal Filter : Not specified
Lambda : 1.54060 d-sp : Calculated spacings
SS/FOM : F30=1000(0.0000,30)




MANHIN U

a d' Yo \ =
wmmwN’nnm5ﬂ"lmumsmmms‘lmzmmﬁn?m



d' Y aa J
1. ‘]JTlﬂ’Jnﬁ’I"lﬂi‘]Jﬂ]iﬂWﬁJW
Wassayamon Singkha and Sutin Kuharuangrong. (2008). Synthesis and Physical Properties of

La, Sr Ni,O,.; Ruddlesden-Popper Phase. Journal of Metals, Materials and Minerals.
Vol.18 (2/2): 77-82.
Wassayamon Singkha and Sutin Kuharuangrong. (2010). Electrical property of Mn and Co

Dopants on La;Ni,O,,; and La,Sr, Ni,O, 5. Advanced Materials Research. Vols. 93-

7+9°

94: 566-569.

a

Jaowu deing waz gAu WUTEIT0N. (2550). MSFUATIZH Ruddlesden-Popper

a a 4 a [
La, Sr, Mn,0, 23835anAznaUIIN. N3esmendasiazima lulad un1ineray

PMIETAN. RUUNIAY: 240-246.

2. MINUaTHONANY
Wassayamon Singkha and Sutin Kuharuangrong. Synthesis and Structural Analysis of

755- 1DE 5" Asian Meeting on Electroceramics. December 10-14, 2006.

La, Sr Ni, Fe O

. o J

Bangkok, Thailand [Hueuauyuuldawnes]
Wassayamon Singkha and Sutin Kuharuangrong. Synthesis and Physical Properties of

La, Sr Ni,O,,; Ruddlesden-Popper Phase. The 5" Thailand Materials Science and

7+
Technology Conference. September 16-19, 2008. Bangkok, Thailand [ﬁuﬁuaﬁamwm]

Wassayamon Singkha and Sutin Kuharuangrong. Electrical Property and Ni K-edge XANES
Study of La, SrNi,O,,; Ruddlesden-Popper Phase. Siam Physics Congress 2009.
March 19-21, 2009. Cha-am, Phetchburi, Thailand [18f uaﬁ’a&mm]

Wassayamon Singkha and Sutin Kuharuangrong. Electrical property of Mn and Co Dopants on
La;Ni,0,,; and La,,Sr, Ni,O, . International Conference on Functionalized and
Sensing Materials. December 7-9, 2009. Bangkok, Thailand [ e uaﬁ'um‘m]

Javwu Aaiag uaz giu AnISeI504. MIFUATIZH Ruddlesden-Popper La, Sr, Mn,0,
FredsannzneusIn. umInerdeunia1sn1nise asen 3. 67 Auo1oU 2550.

ymansany, Uszma’lneg iwauedienan]



154

Journal of Metals, Materials and Minerals, Vol.18 No.2 pp.77-82, 2008

Synthesis and Physical Properties of Las_,Sr,Ni,O7.;
Ruddlesden-Popper Phase

Wassayamon SINGKHA' and Sutin KUHARUANGRONG'

ISchool of Ceramic Engineering, Suranaree University of Technology,
Nakhon Ratchasima 30000

ISchool of Ceramic Engineering, Suranaree University of Technology,
Nakhon Ratchasima 30000

Abstract

Received Nov. 17,2008
Accepted Feb. 10, 2009

A series of Las,Sru,Ni;O7:5 (x = 0, 0.1, 0.3, 0.5 and 1) synthesized by a gel combustion method have
been investigated as a potential cathode material for IT-SOFC. La;oSro ;Ni,O7:5 shows a lower TEC value
and higher electrical conductivity than LazNi;O-.5. The further addition of strontium leads to the formation
of the n = 1 RP phase and the second phase of NiO, resulting in lower electrical conductivity than
La3NiyOs.5 phase. The electrical conductivity at 600°C of La;.Sr,Ni,O-.5 (x = 0, 0.1, 0.3, 0.5 and 1) is 63,

81, 25,20 and 57 S.cm-1 respectively.
Key words : Cathode, Ruddlesden-popper
Introduction

In recent years there has been considerable
interest in the A,+1B,Osn+; OXides due to their excellent
of properties such as high T. superconductivity,
colossal magnetoresistance, high catalytic activity
and high oxide ion conductivity.«’) Ani1BiOsns
belong to Ruddlesden-Popper (RP) structure,
(Greenblatt, 1997) A is usually an alkaline earth or
rare earth metal ion; B is a transition metal; and
n =1, 2, 3, . The structure of the RP phases
consists of n consecutive perovskite layer (ABO;)
alternating with a rock salt layer (AO) along the
crystallographic ¢ direction. The physical properties of
the RP phases are governed primarily by the n
width of perovskite block, the nature of the A ion,
the B-O bond distance, and the oxygen content.

Lan+1Ni,O3,+ has been widely investigated
as a possible intermediate temperature cathode
material because of high mixed ionic and
electronic conductivity."" ' The crystal structure
of LanNiyOsn) has been studied by many
groups.“3 -1 The structure at room temperature of
n =1 is tetragonal while n =2 and 3 are orthorhombic.
The semiconductor behavior appears for n = 1 and
2 metal for n = 3. In general, the oxidation state
of nickel ions in La,+NiyOs,4 (n = 1, 2 and 3) are
either +2 and +3. Their electrical conductivity

increases as n and Ni*" content increase resulting
from the preparation methods.**)

Kharton, et al. (1999) studied on La,Ni;Fe,Ous
(x = 0.02 and 0.10) and La,NiggsFeq02Cuo. 10045,
The electrical conductivity of these compositions
increased with the substitution of iron, and slightly
decreased with copper substitution. For La,.
xANiO4 (A = Ca, Sr and Ba) investigated by Tang,
et al. (2000), the solubility limit was reported to be
0<x<06forCa,0<x<1.5forSrand 0 <x <
1.1 for Ba. Both La,,Ca,NiO, and La,,BaNiO,
compositions exhibited semiconducting behavior
for all values of x. While the La,.,Sr,NiO4
compositions for x < 0.6 were semiconductor from
room temperature up to 527°C. On the other hand,
the compositions with x > 0.6 showed a transition
temperature from semiconductor to metal, in which
it decreased as x increased. However, with x >1.3,
this  temperature  determined from  room
temperature up to 527°C was not detected.

For n =2 RP, the substitution of lanthanum
by calcium on La;,CaNi,O75 was reported by
Nedilko, et al. (2004). A single phase has been
obtained in the compositions for 0 < x < 0.8. In
addition, Ca dopant reduced the mean oxidation
state of nickel ion from 2.63 (x = 0) to 2.15 (x = 0.8).
Mogni, et al. (2006) reported that the electrical
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conductivity of the Lag3Sr,;,FeNiO;s sample is
higher than that of the Lay 3Sr, ;Fe;0,.5 phase.

The electrical conductivity of cobalt doped
on Ni-site of LayNi3 xC0,00.5 (0.0 < x < 3.0) was
observed by Amow, er al (2006). The overall
conductivity decreased as x increased up to x = 2.0.
Conversely, it increased with the higher amount of
Co, x>2.0.

Many studies on La;NiyOs; phase have
concentrated on the magnetic and electrical properties
below room temperature.” '* ' However, only a
few works have investigated on the electrical
property of La;Ni;Ozs at high temperature” and
the effect of the dopant ® on La site. The aim of
this work is to investigate the effects of strontium
on the phase, microstructure, thermal expansion
and electrical conductivity of Las . Sr,Ni)Orys.

Materials and Experimental Procedures

The compositions of La;.,Sr,Ni;Or;s
(x =0, 0.1, 0.3, 0.5 and 1) were prepared by gel
combustion method. Stoichiometric amounts of
La(NO3);.6H,0, Sr(NO;); and Ni(NO),.6H,0
(> 99%) were dissolved in minimal amount of
deionized water. After mixing with a magnetic
stirrer, aqueous solution of citric acid (1.5 mol of
citric acid per 1 mol of total cations) was added to
the mixture. The clear green mixed solution was
heated on a hot plate until turned into a green gel.
The gel slowly foamed, swelled and finally burnt
to obtain dark residue. After grinding the residue
powders were calcined in air and held at the
reaction temperatures determined from STA (TA
Instruments SDT2960) with a final temperature at
1100°C for 6 hrs.

The room temperature phases of calcined
powder were analyzed by X-ray diffraction (XRD,
Bruker D5005) before pressed into pellets and bars
with a cold isostatic press (CIP, Kobelco Dr CIP)
under a pressure of 200 MPa and sintered in air at
1100°C for 3 hrs.

The microstructure of the sintered pellets
was characterized by scanning electron microscope
(SEM, Jeol JSM-6400).

Thermal expansion coefficient of sintered
bars was measured using a dilatometer NETZSCH

DIL 402EP) from 50°C to 1000°C with a heating
rate of 3°C/min.

The data of electrical conductivity
measured in air by a four-probe DC method were
collected from 50°C to 800°C with a heating rate
of 4°C/min.

Results and Discussion

X-ray diffraction patterns of the calcined
La3StNipxO7es (x = 0, 0.1, 0.3,0.5 and 1) powders
are shown in Figure 1. The result of XRD
pattern of LazNiyO7.5 powder shows a single
phase in good agreement with JCPDS 50-0244
as an orthorhombic structure with a = 5.404 A;
b=5454 A; ¢ = 20530 A. For LaysSroNixOrs,
the doublet peaks of 020 and 200 tend to change
to a nearly singlet peak, indicating the lattice
parameters of a and b are close to each other.
This implies that the structure of Laz ¢Sro1NipO7.5
transforms to a more symmetric phase, from
orthorhombic to tetragonal phase. Similarly,
this phase transformation of La3NiyOg s
reported by Amow, et al. (2006) occurs at 316°C.
Therefore, strontium can shift the phase
transition to a lower temperature. However, an
increase of strontium content from x = 0.3-1
results in the formation of La;«StxNiOy (n = 1
RP phase) and NiO as the second phase
indicated by the arrows. Thus the substitution
limit of Sr on a La-site in this work is x < 0.1
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Figure 1. XRD patterns of calcined La;.,Sr,Ni,O7.5 powdcrs.
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Figures 2-6. Represent SEM micrographs
of all sintered compositions with the magnification
of 10,000 x. All specimens show a porous
structure allowing gas to transport to the all
particles. The grain of La3Ni,O7.5 has elongate
shape. With an increasing amount of strontium,
the connectivity between grains improves, thus
increasing the sinterability of La;NiyO7.5 as
shown in Figures 4-6.

Figure 4. SEM micrograph of sintered La; ;Sro3Ni;O7.5

Hahel N

Figure 5. SEM micrograph of sintered La, sSrg sNi;O7.s

Figure 6. SEM micrograph of sintered La,SrNi;O7.5

Figure 7. Shows the results of thermal
expansion coefficient (TEC) for La3;Ni;O7s5
and LayoSrgNixO7:5. The derivative curves
also represent the peak temperature for phase
transition. For La3NiyO7s; it appears at 285°C
which is the transformation temperature from
orthorhombic to tetragonal phase. Amow, et al.
(2606) also observed a change of TEC
slope of LasNi;Og9s. Their result from
high temperature XRD showed the phase
transformation temperature from orthorhombic
to tetragonal at 316°C; however, a change in
thermal expansion coefficient appeared at a
lower temperature of 275°C. For this result,
the peak of La;¢SrgNipO7s cannot be
observed easily but its derivative shows a
small peak indicated by an arrow. In addition,
this peak is observed at the lower temperature
than that of La3NiyO7ss indicating the lower
transition temperature. The TEC value of
La;¢SrgNipO75 is lower than that of
La3Ni,O7s5 as given in Table 1. For x > 0.3,
the TEC value is higher than that of LasNi;O7s
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resulting from a formation of n = 1 RP phase as
indicated by XRD result in Figure 1. The TEC
value of La;NiOgs5 (n = 1) reported by Amow,
et al. (2006) is higher than that of LasNi;O7.5
(n = 2). In addition, TEC value of x > 0.3
compositions increases with the amount of
strontium content.

00058
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Figure 7. Thermal expansion coefficient (TEC) and
derivative curves for La;..Sr,Ni;O7.5

Table 1. Thermal expansion coefficient and activation
energy (E,) for La;.SrNi,O7.5

TECs0-1000° Ea 400-800°c

Strontium content (x10°K™) (eV)

x=0 13.23 0.041
x=0.1 13.00 0.024
x =03 - 13.52 0.049
x=0.5 13.87 0.077
x=1 14.02 0.048

The temperature dependences of the
electrical conductivity for Laj.<SrkNi;O7.; are
shown in Figure 8. The data of LasNiyO7.s
exhibit a thermally activated semiconducting
behavior from room temperature to 300°C. Above
this temperature, however, the conductivity
tends to decrease with increasing temperature.
The conduction behavior of LajoSry NizO7ss

shows a similar result although the maximum
conductivity value occurs at lower temperature
than La3Ni;O7.s. This turning point is possibly
related to the transition temperature. An observed
transition temperature of LayoSrgNizO7s5
is lower than that of La3Ni;O7.5 which is in
agreement with XRD and TEC results. The
electrical conductivity of La,¢SrgNiyO7.s is
higher than that of LasNi,O7.; at all measuring
temperatures. The electrical conductivities at
600°C of La3Ni207t5 and Laz;;SrO 1Ni207t5
are 63 and 81 S.cm’ respectively. In contrast,
the electrical conductivities at 600°C of
Las 7Sro.3Ni2074s, Las 5Srg sNi2O7z5
and La,SrNi;O7.5 are 25, 20 and 57 S.cm-1
respectively. The conductivity values of the
last three compositions are lower than that of
La3NiyO7z5 since the phase changes from n =2
RP to n = 1. Amow, et al. (2006) reported that
the electrical conductivity of Lan+NigO3n+i
reduced as n decreased. The electrical conductivity
above 300°C of La,SrNi,O7.5 increases and is
similar to that of La;NiyO7xs.

S (Sem™)

0+

o L L L L L L
o 100 200 300 400 S00 600 “00 S0
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Figure 8. Electrical conductivity vs. temperature for
La;,SryNiO7:5(x =0, 0.1,0.3,0.5 and 1)

Arrhenius plots for Las.xSryNi;O7.5 are
presented in Figure 9. The activation energies
above 400°C are also summarized in Table 1.
The results show the activation energy of
Lay ¢Srg |NizO75 is lowest and its conductivity
is higher than the other compositions.
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Figure 9. Arrhenius plots of electrical conductivity of
La;.SryNi,O7.5(x = 0, 0.1, 0.3,0.5 and 1)

Conclusions

La;.xSryNiyO7.5 are synthesized by a
gel combustion method. The single phase of
La3Ni;O745 can be obtained after calcination at
1100°C for 6 hrs. Doped with strontium, the
structure tends to change from orthorhombic
to tetragonal. In this work, Laj¢SryNiyO7ss
performs a lower TEC but higher conductivity
than LazNi,O7.5. With x > 0.3 the n = 1 RP
phase and NiO take place, resulting in lower
electrical conductivity.
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Abstract La;Ni;O7:5 and La; oSro Ni;O7:5 Ruddlesden-Popper nickelate were synthesized via
citrate gel method. The electrical property of Mn and Co dopants on Ni site in these systems was
investigated as possible cathode for solid oxide fuel cells. The result of X-ray diffraction shows the
presence of LayNiOy4 in La3Niy M O7s5 and La; oSrg Nip,M;07.5 (M = Mn or Co) as M content
increases from x = 0.1 for Mn and x = 0.2 for Co. With further increase of Mn dopant (x > 0.4),
LaMnO; and La,O; appear with La;NiOs. The grain size of sintered sample decreases as Mn
content increases. However, it slightly decreases with increasing Co content. The TEC value
increases with Co content. The DC four-point measurement shows a decrease in the conductivity as
Co content increases for both La3Ni,.,C0,07:5 and Lay 9Srg {Niz..C0,O7.5 Systems.

Introduction

The lanthanum nickelate of the Ruddlesden-Popper family, Lay+1NizO3n1 (n © 1, 2, 3 and o) have
been intensively investigated in the last decade due to their good catalytic [1] and electronic
properties, especially as possible cathode materials for intermediate temperature solid oxide fuel
cells [2-4]. The electrical conductivity of Lay+Ni,Osq+ depends on the n value and the oxidation
state of Ni. It increases as n and the average of Ni oxidation state increase [4]. Recently, the crystal
structure, thermal and electrical properties of La;Ni,O7:5 have been studied [4,5]. LasNiyO7.s
synthesized in air was reported to have a slight oxygen deficiency & = 0.08 [5,6]. The substitution of
Ca in La;.,Ca,Ni,O75 was studied by Nedilko et al. [7]. They found that the substitution limit was
x < 0.8. The conductance below room temperature down to -200°C decreased with increasing Ca
content according to a reduction of the Ni oxidation state. Our previous work reported the Sr doped
in Las,Sr,Ni;O75 [8]. With x = 0.1, the electrical conductivity from room temperature to 800°C
was improved. The electrical conductivity at 600°C of La oSry Ni;O75 was 81 S.cm’™ increasing
from the based composition, LazNi,O7.5 with a value of 63 S.cm’™. However, an increase of Sr
content from x = 0.3-1 resulted in the formation of La,.,Sr;NiO4 (n = 1 RP phase) and NiO.

In this paper, LasNi,O745 and Laj ¢St NiyO7+5 were selected as the base materials. Mn and Co
were selected as the dopants on Ni site. The phase, microstructure, thermal expansion coefficient
and the electrical property of the modified compositions were investigated.

Experimental Procedure

The compositions of La3Niy.(M07:5 and Lap oSrg NizoM;O7:5 (M = Mn or Co, x = 0-0.5) were
prepared by citrate gel method. Stoichiometric amounts of La(NOs);.6H,O (99.99% purity),
St(NOs), (99.5% purity), Ni(NO3),.6H,O (98% purity), Mn(NO;3),.4H,0 (97% purity) and
Co(NO3)2.6H20 (98% purity) were dissolved in minimal amount of deionized water. After mixing
with a magnetic stirrer, aqueous solution of citric acid (1.5 mol of citric acid per 1 mol of total
cations) was added to the mixture. The clear green mixed solution was heated on a hot plate until
turned into a green gel at 120°C. The gel slowly foamed at 140-160°C, swelled and finally starting
burnt at 200°C to obtain dark residue. After grinding, the residue powders were calcined in air and
held at the reaction temperatures determined from STA (TA Instruments SDT2960) with a

* 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
publisher: Trans Tech Publications Ltd, Switzerland, www.ttp.net. (ID: 118.172.65.134-12/12/09,14:06:00)
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maximum temperature at 1100°C for 6 hrs. Above this temperature, La3Ni,O7.5 decomposed to
La;NiO445 and NiO.

The room temperature phases of calcined powder were analyzed by X-ray diffraction (XRD,
Bruker D5005). The pellet and bar samples were formed by a cold isostatic press (CIP, Kobelco Dr
CIP) under a pressure of 200 MPa and sintered in air at 1100°C for 3 hrs.

The microstructure of the sintered pellets was characterized by scanning electron microscope
(SEM, Jeol JSM-6400).

Thermal expansion coefficient of sintered bars was measured using a dilatometer (NETZSCH
DIL 402EP) from 50°C to 1000°C with a heating rate of 3°C/min.

The data of electrical conductance measured in air by a four-probe DC method were collected
from 50°C to 800°C with a heating rate of 4°C/min.

Results and Discussion

X-ray Diffraction |

X-ray diffraction patterns of Mn doped La;Ni,..M,07.5 powder after calcination are shown in Fig. 1.
A single phase of these doped compositions cannot be obtained. The phases detected from XRD are
La;NiO4, and LaMnO; as indicated in Fig. 1. With x increases, the La,NiO4 content decreases
accompanying by increasing LaMnO; content. In addition, the phase of La;03 (peaks ¢ in Fig. 1)
appears with x > 0.4.

For Co doped compositions, a single phase of La;Ni; ¢Cog ;0745 can be obtained. The further Co
addition, La,NiO4 appears with La3Ni,.,C0,07:5. This is possibly due to the unstable phase of
La3NizC0,07:5. The substitution of Co for Ni was reported to be a single phase for x <1 in
La;Ni1.,C0,04+5 [2] and for x <3 in LasNi3.,C0,00x5 [3] but LazCo,07 was not found in La—Co—O
system [9].

Microstructure

Fig. 2 represents SEM micrographs of sintered La;Ni;O7.5, and LasNi; sMp 50745 (M = Mn, Co) with
the magnification of 10,000 x. All specimens show a porous structure which enhances oxidant gases
to transport to the all particles. With an increasing Mn content, the grain size tends to decrease
because there are many phases existing in the composition. However, it slightly decreases with Co
content. \
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Fig. 2 SEM micrographs of sintered speci
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Table 1. Thermal expansion coefficient and electrical conductivity for La;Ni,,M,O7.5 and
Lay 9Sro | Ni..M;O745

Compositions TEC [x 10°K™] Electrical conductivity [S.cm™] Ea 350-800
(200-1000°C) 500°C 800°C [eV]
LazNiyOr.5 13.72 67.5 57.8 0.042
La;Ni; yMng ;O7.5 13.02 35.8 30.5 0.044
LasNi; 9C0g 107:5 14.25 40.0 38.1 0.066
La3Ni; 7C00 3075 14.60 33.8 34.6 0.088
La;Ni; 5C0g 507.5 15.56 21.5 26.3 0.131
La, 9Srg (Ni;07.5 13.34 88.1 70.6 0.024
La, ¢Srg Ni; sMng ;O7.5 11.48 44.5 37.6 0.039
Lay 9Srg 1Ni; 9C0p | O7.5 16.15 64.5 54.5 0.042
La, 4Sro 1Ni; 7C0 3075 16.53 49.2 48.1 0.075
La, 4Srg Ni; 5C0 50745 14.91 31.4 35.4 0.112

Thermal Expansion

The TEC values of La3Ni,..M,07.5 and LajoSro Nip M;O7.5 are summarized in Table 1. The
addition of Mn lowers the TEC value of La;NiyO7.5 and La; ¢Srg ;Ni»O7.5. The TEC values of Co
doped compositions are higher than those of the based compositions and increases with the amount
of Co content similar to perovskite structure. An increase in the ionic size of Co with temperature is
due to the change from low spin to high spin states of Co ions [10].

FElectrical Conductivity

The temperature dependences of the electrical conductivity for LasNiyM,O7.5 and
Laj ¢Srg 1Niz.,M;O7s5 are shown in Fig. 3. The results from room temperature to 300°C exhibit a
thermally activated semiconducting behavior of LasNi;O75 and LajoSrgNixO7:5. Above this
temperature, they exhibit semiconducting to metallic transition as represented by the decreasing
conductivity with increasing temperature. These results are in good agreement with our previous
study [8]. The electrical conductivities at 500 and 800°C and the activation energies in a range of
350-800°C are also summarized in Table 1. The conduction behavior of the Mn doped compositions
shows a semiconducting to metallic transition similar to the based compositions. However, the
compositions with Co dopant show a broad semiconducting to metallic transition. Above 300°C, the
electrical conductivities of the Mn and Co doped compositions are lower than those of La;Ni;O7s5
and La, 9Srp |Ni;O7:5. In addition, the COHdUCtiVity of LasNi; Mng 10745 and Laj Srg |Ni; 9Mng 1O7ss
are lower than those of La;sNi; ¢CoO7:5 and LayoSrg Ni; 9CopO7s5. A further addition of Co
content tends to decrease the conductivity. Similar result reported by Amow et al. [3,4] occurred in
La;Ni;C0,04:5 and LagNi3Co,00:5 as n = 1 and 3 RP, respectively. Amow and Skinner. [4]
investigated Ni(Co)-O bond by neutron diffraction. Their explanation concerned a decrease of the
Ni(Co)-O covalent interactions, resulting in a reduction of their electronic conductivity.
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(right)

Conclusion

Only a single phase of LasNi;9Co 075 can be obtained in a series of LasNiyMO7:5 and
Laj 9Srg 1NizxM;O7:5 (M = Mn or Co). The grain size tends to decrease with Mn content. However,
it slightly decreases with increasing Co content. TEC values for the compositions with Co dopant
are higher than those of the based compositions and increase with the amount of Co. On the other
hand, the electrical conductivities for compositions with Mn and Co dopants are lower than those of
the based compositions and decrease with increasing Co content.
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Synthesis of Ruddlesden-Popper La, ,Sr, Mn,O, via a Coprecipitation Method
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Abstract

The layered perovskite structure so-called Ruddlesden-Popper phase (RP phase) is a good
candidate as an alternative cathode for intermediate temperature solid oxide fuel cell. In this work,
La; 4SryMn,0O; is synthesized via carbonate coprecipitation. The effect of different precipitants on the
phase during synthesis is investigated by means of thermal analysis and X-ray diffraction. The results
show that La, ,Sry gMn,0; RP phase can be obtained from Na,CO; precipitant and calcined at 1300°C. In
contrast, phase of LaSr,Mn,O;, LagsSrysMnO,, and LagesSry3sMnO; can be detected from calcined

powders using K,CO3, (NH,4),CO; and NH,HCO4 precipitants.

Keyword : Fuel cells, Ruddlesden-Popper, Coprecipitation

"indnssygnln merimimnsendn dnindriansumans aniingnavinaluladgiun’
*s09mana9138 3. v ivimanssuendn dunimiminTsumans amﬁnma”ﬂma[u[aﬁsyiuﬁ

o~ 2 o A o Aa A
IWAUAVUINE [ ARIAN 2550 ; pauTUAANWILe Ly 2551




165

M Iwranfuazveiulal S INABILIIITAL

uni

mawaLzadidamaseanladuasnds (solid
oxide fuel cell: SOFC) lutfaqiiusjauiuluiinisan
QUM Ain1ahaIuLe L adaINfi 500-650 °C
LﬁaﬁmmL‘Jmﬂ'z?mwuawﬂaéuazamﬁunuﬂ'ﬁﬂg
LwiLﬁaamqmmqﬁmsﬁmumwmwwaé;‘iﬂszﬁw‘ﬁmw
m‘sv'lmu‘lmﬁmwammwﬁq Lﬁaqmmn'?aquﬂhm
7iiaLdn Ao La,_Sr MnO_ (LSM) Foiilaseasiouuy
perovskite (ABOQ) ;Trmmmmmhmimélyuﬁw
pandauliiiuaandiaulosauanas’? (iaus
Hmaanadsiddnmaanaunu LsM dun
Yaqifilasea¥19uuy Ruddlesden-Popper (RP)
fafigasidludu A B O e A0(ABO) law
A s lasauuanrasniqlunguauniludnse
Saelalidss uae B Ao losawnnuaslavensmiddu
n fiehwitu 1, 2, 3 s o lasea$a RP Usznaudhe
dauitifulassad19uuy perovskite (ABO))
Gustouu uamvn S n i avgndudnuduiiiu
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Figure 1 Crystal structure of n = 2 Ruddiesden-
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FreAsanaznautmariuangungRvianailliu
msdaaneile
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Twisrsm (La(NO) 6H O, Sr(NO), uat Mn(NO), H O)
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Wiannduduaeaslossulanssan o1 M
Tuudazdmatmianasnaudisasanaznau
farfiaiu Wawioufisuriiowaranadadugo
MIanarnan s].umsﬁﬂmf?lléﬁl'mazcoa, K,CO,
(NH,),CO_, uaz NH HCO, ﬁlﬁmwuﬁwﬁu 02 M,
(NH) CO_ uaz NHHCO, Afenudndu 2.0 M
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Figure 2 DTA curve of powder from ocoprecipitation
method via K;CO;.

Figure 3 Ua% 4 UNAINANITATINFOUINEYD
aumﬂwﬁumumahﬁﬂ' 1,300 °C war 1,400 °C
Wuan 3 $2lne Wisuifisudsnisdansed
Toe1¥ solid state reaction fuAtanaznausan
Tneldrfinvasasanaznausreiuuasiionsdniu
0.2 M uay 20 M SmuiWa XRD #ilduanenaiu

Figure 5 WAy 6 LEAINA XRD 283d8tief
w3aNmuATanarnauday K,CO, uazdatef
ANALNOUGIY Na CO, wWisuisundacnuaa bad
UWALNAILNT thermal etching wuidethafiasus
NNMTANALNDUGIL K CO, fnmswaswwandah

thermal etching
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Figure 3 XRD patterns of powder after calcination at - | WY l ..4L

1300°C for 3 h.

intansity

afver calcined 149G C for Bn
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| \
MMJW\, Figure ¢ XRD patterns of powder after calcinabon

and thermal etched pellst prepared by
0.2M Na CO coprecipitation method via Na,CO,.
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Aetlad i Figure 7 uaaaingra9smaeefiaIundieis
solid state reaction MU 2 28819 Aoat19f
. X
solld state resction s ledifesasadead 1,400 °c (Huan 5

'ut ~ $alas Fedfolsiiowa RP 78 n = 2 udniluvn
M "\1

. a v v oA 6o
thermal etching LWUUﬂUW?aUWJV]LNWLLﬂa\ISHVW
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Figure 4 XRD patterns of powder after calcination at wluvh thermal etching

1400°C for 3 h.
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Figure 7 XRD pattems of powder after calcination
and sofid state reaction thermal eiched pelist
prepared by solid state reaction method, a) one
time calcination arxd b) recaicination

W& XRD ﬁLLﬁ@dcluFigure 3-7 wuddoehafi
Aaa RP Al n = 2 nduwwaalni@ 1,300°C
Wunan 3 HFrlneilieediednfianazneudae
Na, CO, Weadathadiorwinin wisnuaaled
1,400 °C Hunm 3 Frlnefidhotefiiouns RP
#5in=2d0 dodrfinnaznaudiy Na CO,
wardateiiananandae K CO, Saundaiwiin
# 1,400 °C wan 2 $2ls Fauazin thermal
etching # 1,300 °C e 3 Falus nuh Faths
Fa3unduA% solid state reaction Mk IUAY

dhatnfianaznaudiy Na CO, flanaduiWg RP

A a

## n = 2 uddotefin3 o833 solid state
reaction Auaalefifinsnfadies uasda
fanaznauday K,CO, Wadwnaiilasoade
WUY perovskite
wanIasadaulasssiugameadie SEM
gesdathafianaznaudan Na CO, RN Lt

WiBIn3afenf 1,400 °C uaan 5 Falus way

. .
§780813 solid state reaction YlLN‘lea\l‘ﬁﬁ‘ﬁW
WEaIM N (Figure 8-9) enuaeiu

Figure 8 SEM mucragraph of one time calcinaton a1
1400°C for 5 h sampie afller sintering at 1400°C
for 2 h prepared by coprecipitation method via
Na,COy, (x 5,000}

Figure 9 SEM macrograph of recalcination at 1400°C
for3h,5hand 3 h and sintering 1400°C for 2 h
prepared by solid state reaction  method (x
5,000).
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