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ANUCHIT RUANGVITTAYANON : SYNTHESIS AND PHYSICAL
PROPERTIES OF LaSKCri.yMyOs.; (M=Ni, Fe, Mn) AS
INTERCONNECTS FOR SOLID OXIDE FUEL CELL. THESIS
ADVISOR : ASSOC. PROF. SUTIN KUHARUANGRONG,

Ph.D, 109 PP.

SOLID OXIDE FUEL CELL/INTERCONNECTS/LaCreCITRATE GEL

Theobjectiveof thisthesisis to investigate a, ,Sr,Cr;.,M,0s.; (M=Ni, Fe and Mn)as
interconnects for solid oxide fuel cell. All comjpgenswere synthesized by citrate gel
combustion method to obtainparovskite phase. The suitable calcination tempezat
was 1106C for 4 hrs. The sample bars were formed by caldtéic presand sintered
at 1400C for 5 hrs in air. The phase, microstructure, rirarexpansion coefficient
(TEC) and electrical conductivity were determingd XRD, SEM, Dilatometer and
DC four-probe as a function of temperature.

The results show that an addition of Sr with x=.1 a site can enhance the
electrical conductivity of LaCre With x=0.2, the conductivity and density increase
but the grain size decreases. The substitutionioh ICr site increases the electrical
conductivity and density with the amount of Ni. Theaximum conductivity of
72.76 Scrit at 806C in air is obtained from lgaSry.1CrosNiosOs5 as compared to
0.1 Scnt of LaCrQ;. However, the appearance of other phases occuis Mii
addition of 0.6, resulting in a reduction of electonductivity. The thermal expansion
coefficient of L@.¢Sl 1Cro.sNios0ss is 12.5x1F K™ measured at 200-880D and it

increases as the amount of Ni increases composiBerand Mn substituted into



Cr site increase the electrical conductivity of 3 1CrOs;, but the values are less

than those of Ni.
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@ululFuna 0.1-0.3 wwiind 1200°C 1Wunal 10 ¥ 1w Tuussemend ieasiaaeudiy
{ g { a a {
XRD e nua srcro, Midlulaaeaioduy srdnldluilSuna 0.3 waziimsulaoulassads
o a < @ 4 1 ) a
103 InseudniusonTudaia Wodnwiaimaii Wi luussermeadndninuinlildos
v v v 4
Aafl 0.3>0.2>0.1 u3sIMet H, 31nun ldeeasil 0.2>0.3>0.1 miniudny mdulszdns
@ A 9 A a a 3 -6
N3VE18ANNI91NANNTDUNBIAY St 0.1 VIseimidlnanas H, 1u 9.2x10° tay
- 4 a a 3 . -
10.3x10°/°C tiody Sr 0.2 vssermerlnauaz H, 1ilu 10.2x10° nag 12.2x10°/°C
=< a v o @ 7 & v A 1T W
Zhong, Z. (2006) Ainu/suamsduiusuaunnivlas luiiduduseudenunism
< A Ao o <Y an . . A
HUNNYU YU Tagdans1eHA2895 glycine nitrate Lag,Ca,,Cr,, Co,, Al O, IUD
A = A o Y = ' a o
x=0.02 0.06 0.09 taz 0.12 WKW 1400°C udrveianunuUuaIuNg ] u
1 o Q' d?‘ Lﬂ' = a ld' a
95% uazaim s lddunndwdelinigay Al asllgegaed 0.12 Tuussermalnday
s o 1 1 % a z:'{ v di Y
garmsi lihgendanluussernia H, mdudszaninisversditessinniusou
] o I -6 0 4 @ -6 0
T3 20-1000°C 1T 10.6x10°/°C 1l x=0.02 9z IndiAeariu 8YSZ (10.5x10°/°C)
Ong, K.P., Wu, P., Liu, L., and Jiang, S.P. (2007) Anz1a1n51h ldifhvesnisidy
Ca Sr uaz Ba ludunis La v09a15152n01 LaCrO, Nduns121a10773 solid state IMINTIN
~ 0 k4 A o N Yo dy
1 1500°C vz ldasilsznoidunsiz 18aail LaCro, La

Sr, ,,CrO; La ,Ba, ,CrO, lag

0.75~70.25

a

A ) A o a o
La, ,Ca, ,CrO, Hininsth Il figamgil 800°c Tuussermaln@iilu 0.34 26.03 2.27 uaz

U
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35.10 S/em mwd1wy 91naImsTh Iihwuduiielinsi@n Ca Sruaz Ba ludmnis La w09
d15Usgnou LaCro, arwisodsudgeainmisth lWdrvesarsidsenon Lacro, 14
F4 1
Tagmsian Ca sivazliaimsii lwihgange
@ ] aw < { Y 1 o
11NA1061901UT8919A U5 LaCrO, Hanudluly1dRvgduilge A i
Qldd? a = 9/:; a a 1 a dAad

198U uazaaguugidnmawininlidias Tasmsanasiauuasyiialavzuoan laiiosn

oz Tanzunsugdu wh 11 TuTassadaues Lacro,
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31 ginsawazansninldlunisnases

A A P 9 =S @ 1 a 4 ~
Lﬂﬁf]\ihﬂllagQﬂﬂiﬂlﬂi‘ﬁﬁluﬂWilﬂiﬂﬂJﬂﬂﬂUN ARTITHIRZNATOVLEASIUAI5197 3.1

. g
M13199 3.1 gUnssin 1 lunmsnaaes

ginsal Awan HUV/U
Lﬂl’iﬂ'm‘ﬁzﬂ Denver TC-254
Hot plate, A1 1IAUAZAIVANYUNAN IKA C-MAG HS7
inFeadnmfI0g Struers Roto Pol-15
Hot plate ti6ig Magnetic stirrer PMC
pH Meter Sartorius Docu-pH Meter
Vacuum pump GAST DAA-VSI5A-ED
Inductively Coupled Plasma (ICP-OES) Perkin Elmer Optima 3000
Simultaneous Thermal Analyzer (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
Ion sputtering JEOL JFC-1100E
Dilatometer Netzsch DIL 402EP
DC Power supply Agilent E3620A
Multimeter (115U IUAIQUNNN) Hewlett Packard HP 973A
Multimeter (115U 5anuA18NE) Fluke 189
Multimeter (115U IANTLLLE) Agilent 3458A
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E4
S K (% L4

Tusnwddeil Anyimsdunsigviansdsyney La,_ SrCr MO, (M = Ni, Fe, Mn)

ya G @ 1 9 ax . AAq Y =
Tag 14751510 0uRIAI081972875 Citrate gel @15 1FlumMsnaaowaasluasian 3.2

A AAq Y
A137197 3.2 a1 in 1% lunsnaany

Uszinans Fonst gasiadl AN Awan
VSN 5
13 9‘%‘ du Lanthanum (III) nitrate La(NO,),.6H,0 | 99.99% Kanto
(Oxidant) hexahydrate
Nickel (II) nitrate hexahydrate | Ni(NO,),.6H,0 | 99.0% AnalaR
Strontium (II) nitrate St(NO,), 99.5% Kanto
Manganese (I1) nitrate 4- Mn(NO,),.4H,0 | 97.0% Panreac
hydrate
Chromium (II) nitrate Cr(NO,),.9H,0 | 98.0% Kanto
enneahydrate
Iron (III) nitrate enneahydrate Fe(NO,),.9H,0 | 99.0% Kanto
MsiFemas | Citric acid CH,0,.H,0 99.7% AnalaR
(Fuel)
A2M1azane | Deionized water H,0
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IA3 BUN9AI0819A2877 Citrate gel

Y
DULYIN

s a
mnma"l,cﬁummm;]m

Q

a

NMaT121 18910 STA

A

Y

Y

Anszvguugiinmanzanlu

Y
ﬂﬁm”luﬂﬂ"l“]ﬂ!ﬂ?]fl STA

4

4
%

avugUnUNAS (50 MPa)

A

A

9
[

=< o 1
ﬂﬂlugﬂllﬂﬂlli\‘]ﬂumW

AUNNNANII (200 MPa)

A

A

wriinlueineigangll 1400°C

A

A

a < v
AUATICHANHUSIRANISLL

azYaauianisii ih

- A52980DI)N1ARIY XRD
- as5vaeulsuanuL e

V0I5 A28 ICP-OES

Y] 1 @

- #5291 N1ARIY XRD

- a57vdeu Inseadeganindie SEM

- mmmtmmﬂmgﬁmmﬂmm%’auﬁ"aﬂ Dilatometer

v o 4 ad .
- Jamm 31 1 @283% DC 4-point measurement

Y
U

< -~
?jﬂ‘i/] 3.1 YUABULDLITNITNADDY
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1 I~ 09/’ ag =) [ dy d! o [
vngdmusonduiuduaeunazitminenodlnoaziden aell F9zena10619
= = Y] 1 Lﬂ' 9 an A [ 09/’ 9/091’
IMWIZNITIATEN LaCrO, Tagn151050UA210619gAT0U 9 A28951Ae UL 1diunou
1 = u
IR
321 MSIANSUNNIRIDENT
3 = Y an . d'
PUADUNITIATONNIOYNIA LaCrO, A2875 Citrate gel naaalu 31/ 713.2
a qu’ =~ Y o dy
TagoBunsdunaumsas oy lasal
' Y
1. ¥auividnuazazatouaunninvluiasa tenws laasa uay
Y
Tasdey luasn eulamsaluiinlsieainlossu (Deionized Water)
o g’ o Aa a I~ =\ A A a A oy o I
2. Fuihminnsasasn TagnaasuSesumeuiensagasniimiin Tuaiiy
Y
1 1.5 2 %50 3 m1 vouihmiinluasivvedlossuuinluais luasn uazazaroniagain
Y
Twihlsianlessu
3. uemsazatensasasnadluaisazarslasnluds 1 wieudunisniu
Y 1 ] <} . . [~ =
HANAILUNINIULNIMAN (Magnetic stirrer) 1U0a1 5 WA
o [ [l < [ 1
4. humanuimaneen uazanudsusuasazalsuuLRLANLT oY
A v o =& o Y 3
(Hot plate) 1ieszimadinazatgenn Feazilvarsazarenaroduma (Gel)
[ o 09/’ A 3
5. ldanuSouas ldvunsziuvariusuudaaz woyiuTvy (Foam) uag
A . .. S
a3 1A 18aU4 (Self combustion 1130 Auto ignition) 3unaetHuid1 (Ash)

6. nudrlduadreInse vaziitlihwnaalsineunaininsigy

q Y

910 STA
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msazae I nvea 1502218004
taumtiuuaz lasiiay NIAFATN
| [
Y
Wanudou
Y
199
Y
Tolay
\ 4
9
19 - :
= ag
ANTIZHQUNYTNMINZ e
Y > 4
: , Tumsenuaalsiidie STA
I ada Y
wna lsingurginains 1z 1490 STA

9

517 3.2 TuapUMIIATIUHIBYNIA LaCrO, A1873% Citrate gel

3.2.2 nﬁm:maaué’nymzmwwmmmﬁmdn
A d Y] 1
3.2.21 mim’maauqmwnuﬂmuwaﬂunﬁuﬂa"lmummame

U

a J aa 4 @ 1
asrvnnsziguuaginvuizaslunisuna leinediodia
{ o 4 1% 4
AFUnT 129 181 a991no VIR 48219 281AT84 Simultaneous Thermatnalyzer (STA) Tagld
AAmInago fail

1. ldmidedauazd1suinggiu Ao azgiun (ALO,) avludle
1379814 (Crucible) N1191N0 g

) a 4 = a I

2. ildasraTinsigvlasdeniasizdlugluuy DTA/TGA

Taonadoulusrsguugidies Deguuad 1200°C luerma 148as1n15 Ivavesornia

100 Hadans/ANd uazsas MUyl 10 C/Aud
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3.2.22 MIATIVABUINIAVDINIDYNIA
a Jo @ 1 A o N Y @ 4
MIATINAATIZHINNIAVDINIAIDG 1 NTUATIZH Iaraunaa lad
] A o e v A d . 9 &
A281AT09IANTIABNVUUDITITIONG (X-ray diffractometer, XRD) laals Cu K, 1iu
1 o a o A Y [ dy
uradnulased TaelsIsnsnaaoy aall
1. lawsdnegeaslureslaninied19 (Sample holder)
9 1 % 1 d’ 1 ] 1 % 1 Y A
2. lgurunszannanadiedanegluseslanadindralnize
Laziuy
o a 4 1 .
3. W ldas2973n5 12 Iug 29 20=20°-60° Step size=0.02°

Time per step=0.5 3119 fnd 1 #=40 kv waznszualiih=40 ma

323 msvugl
3.2.3.1 Mmsvugllaamsoauis (Dry press)
° A P v 9 A o Y
Wiwseyn1AfHIUNITILAa T uu1¥9d101nT09%9 LAI1UTIY
' 9y o [ d?‘ 9 d‘ [ a
I STTIRUTRTET (Die) Stainless steel uaammiaﬂmugﬂmmmmaﬂ"lamaaﬂ (Hydraulic press)
1 Aa o Qy I~ [ [ o Aa A o ] Qy
Taglduinuuriadasuaudusrunanvnaduriugudnais 15 adwas d1iuFuau
A o 9 9 [] A o Qy 3 A A 9
iz ldasnaeuTnseadgania vazldminuuytiasaduaudunnsd@maouvuianing
Y v 1
6.5 Haawas 17 30 Naawas smsusuanunezihliSasmsversdiiesnnanuion uas
Faansii 1 1dusedulunsda 50 MPa tazadausy 10 19
3.2.3.2 M9 UuUUNS IHMAUNITAANA (Cold Isostatic Press, CIP)

2 1 E4 4 1
hauaun ldninmstiugl Tasnssands ndatugidrenies CIp

4 A ] I o tg’ Y v ) @ [ [ J
WALz AU s 1A UsuaON Taamseudiegadmsunsen aafl
0 2 A o & o v "y
1. haunuidumsdaruglTasmsdaudalude 3.2.3.1 mvienuy
Y o A o 9 Y= A& A o
aegaeveuioiotlosniu lilnsuaugniuileuninveunariegnelunmrsuzanudu
VYDUATDI CIP
) (2}
2. ldndeailu (Vacuum pump) aaeinmisesn ldnelugeerseude
I A @ Yo o
Wuguanma iedlestumsuanuesgeeravae 18501500
4 1
3. e lude 2 TUsatugddrenios cip Tagldussan

111599 200 MPa LAZIA1OALYS 5 UIN
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3.2.4  M3enedn (Sintering)
E4 H 4
MFUAUNAIUNTTUFUAIINTTALVUITIRUINAUYNTANIL WUHIHTIN
) Y 1 v d
e lnFuuAanNuruIiugsiige Taownlueimefigaumvgi 1400°C dreda510131NY
gangil 4 CANdl taza sy 5 3319
325 MINTI9aevIATIaI19gamAvRIT UM
= 1% FY % oA = 9 Y L4
Anyidnyaz IATIa39ganAveIRIRg N HIuMIIINENAIeNARIgaNs S

ag ! . . 3
B1ANATOULVVADINIIA (Scanning Electron Microscope, SEM) Iaaldduasulumsnaaey
Y

e

=
il
=~ Y] [l o Qy a <3
1. 1938ua19813 TaemMIATUNUFHATANANLU LMLV
o w 1 [ 4 ] 09;
2. 11061991098 1. MVARIINTEAIENTIE 1UDT 100-1200 HEI91NTU
¥AA8 Diamond Abrasive Film 30 6 uaz 1 TuTasmas awdieu
3. 1hAed19ndanada 111 Thermal etching Taoldnnudoudini1 yawintin
o A o o A Y g o
100 C 9 1300 C 1lunai 2 %1 1ua s 1w s usau
4. 11@1981991090 3. INAAAIVUUNUAAAIDE19AI8N1IIN (Silver paste)
) . I 3 o w '
1d211 1UR11M04 (Gold sputtering) 1Huiat 8 wiianiuInihdede Iy laseahs
yamn Taolddnd 1 20 kv Mdsvers 1000-10000 11
3.2.6  mIasaaaummaiInihve sty
= 1 o (% [l d’ 1 = 9 an .
Anprainisii livesdiedranmiun1sNINTAAR1873F DC 4-point
9/091’ [ d"
measurement 1ag l¥iunou lun1snagoy Al
Qy 1 H H ] 4 I~ 09/’
1. l¥suausuuunsdmasy Tagludesldneanuneadiuy Tudh

[ Y o Qy Lﬂy td' td'
2. IAVHIANUINAVDIFUIU (WHUN A=axb mugﬂ‘w 3.3)

]
= 1

2
3. MrununiudanuildatgalaunaniuneguugIudadIe1a
o A o I ) ] o 1 1
(Sample holder) TagWuatauwan iy 4 Aunus nagiaszezszrinalag i (szey L
31l 3.3)
4. Tdgunsdiesrandoudiesiaud T lunve (Tube furnace) Taoinae
Yanedui lilddedtussnuiueniaienemuiiensi99s
1 a v A 4 2 Y o A ' @
5. aoUa19a21aunantudNA UM HUTINVIATOIINAINIUNTEUTAT
v Aaa 4 . I A
(DC power supply) ttaziiaaines (Multimeter) 1111299301031 3.3
a 4 A [ Yo Qy 9y
6. 1Wan503 DC Power supply INO@NAINUNTZUAATI RN UTUOY Taald

AU 1.5V
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Y] 1

2 v
7. TdanuFounusuaiulumi Aredasinisinugungil 42°c/ani Jaa
1 v 7 1 A a
ANANANS (Voltage, V) nazainszua 11 (Current, 1) Ngungdaig q mn q 5°C
VINQUUNNHDI IUDIGUHRI 800 C

8. uazim A, L, V uag Lnanasiiainsi i eauaumsi G.1)

o = (IL)/(VA) (3.1)
4 1 o .. 1 3 . . -
19 o ae mmai i (Conductivity) Uiy Siemens/centimeter (S.cm 1)
] I

1 A9 aszualiih (Current) Hnuredlu Ampere (A)
1 1 c?/‘ 1 o 1 Y4 1 A o
L ﬁ@ 53831’7’]\‘]igﬁ’l'l\‘lell’lﬁﬁl.%}’lﬂﬂj'luﬂ'mﬁﬂﬂ (529232 NINNAIAUNANUY

1 1 < a
711 Unmedlu wuamas (cm)

8 ANNANANG (Voltage) Hreilu Volt (V)

= Y o

d" Qy = 1 [~ a 2
2 WUNHHUINAVDIVUIY (Area) Hruaedu M uaas (em’)

2 2D

AAUNANTY

2
FUIU

y_ = | Amp meter

NI DC Power supply

317 3.3 M36193993UVV DC 4-point
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327  msaracaumauilszansmsvenasiiesninanuiou
J r v

fan1dulszansMIve1saio1910A NS 0 UUDIF 101 NHIUAITIHINTID
v . v o &
@18 Dilatometer 1ag ¥ unaulunsnaaon agil

= @ [ a VoA = v 9 Y

1. AT8uAI0eNFUAUNITNAYY 1Agn15UAa8nTLAI¥NI 81T UY

HABZRVUIUNY
o % ' (% 1 a9 = a o

2. hlaainisvereaalueima Tugareguugides Daguuigd 1000 C
k4 @ A a 0 ~
AONTIMINNQAUHAN 3 C/UIN

4
32.8  msaseaaulSinamuuueuvesas
= a d' ] 9 an .
An1dsuanuuueuvesdslsznaun18925 Inductively Coupled Plasma
v Y
(1cp-0ES) Tasldvuaoulumsnaaou dil
v Y v v

1. hededan ldnnduaou 3.2.1 Fnimindszana 0.1 asy aatiunn
g’ Y d‘ 1 ) % 1 d‘ o'/ 9 1 d‘d a
ndnNuduey wreaIsga Nyl laluviasanaasanurhile

2. 1punsaluasn uaznialalasnaoin eg19as 5 Nanans laluvasanlan

v

A 1 Y o Y [
Hazviaeanlaoe1a uartlaehlvuiu
Y v Y

3. ihnasanaasaninde 2. Muualdlunszuzniten@seguu Hot plate

Taglanudoun 210°C Twidrog1aazatenua
v Y
4. hasazaie 9o 3. N lduuauinseinlesou 1asu 100 mi udir
v 9 dﬁ 1 d' [ Y Y ] ]
A3793AR181In 5049 ICP-OES Mfiasivialadesedlurnswaisuasgiu
o U d’w Y o [ dy
5. e landuaugasaai

[

v [ Y v
YSavesas = mndaldanmnies (ppm) x Usuanii DI NRe9

Y
WINUNas

P Yy 9 a v A A A
6. ﬂiﬂl“ﬂﬂ’NNLGUNGUHﬁ1iLﬂuﬂﬁTV‘lﬁ1i§JW]i§1u ADUIDINAITAINIDINY

ANUYNTUYDITTUINTTIU
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NaNIINAABILAZINITUNA

a ¢ Aa Y A = Ad' d
4.1 ﬂ15’3!ﬂi1$ﬁ!‘ﬂﬂﬂ')13~liﬂuﬁ"mﬂﬂH1ﬂqﬂ!1’iQNﬂ!1’iN13ﬂ3J114ﬂ15!N1!!ﬂ’(ﬂ“]51~!

m31/52neUNUg U LaCro,

L4 A

a J { a a a aaa
Wa’)&ﬂin‘ﬁﬂ1ﬁlfﬂaﬁlullﬂa\‘l&‘ﬁ\‘lﬂ'ﬂu%@‘H‘U@\?ﬁ1ﬁ Iﬂﬂ?lﬂi1$ﬁ@ﬂ!ﬂﬂ3\lﬂmﬂﬂ§]ﬂ381

Q U

d' a LY ] = =1 [ Y a 3’ v A = 1
Nguygivesarsdiediulieumeniuaiso19ee wazimininlasuuilasszning
a Aan A Y v 9 :1’ Y A o
nsifalgaseuielasuanudeuvesaisasdu de uaunnivluasa enaslansa
Tasifon luasa touuzlaasa naznsagasn dalddanurlugrsguungiides i 1300°C
£ ~ 1A A g’ Y 1 a Aan
Fauaanngli 4.1 9103 mves TGA wunimanlasunlaniminsgriemsnalase
Taslimsulasunilased 2 39 Aelurrwsnaziinsulasunasisrsgungiies s 300°C
£ = @ 2’ 3’ 9 g’ @ ' =
Fazimsaarsarveuiwaziihlulassadwesassznouimiinmmelal 1.15% senaes
o e - = 2 g . da
imsnlasunlaingragurgi 500°C 84 800°C Farzimsaarsdrvesanssznovniedlu
4 3’ @ 2’ Y 4 ug: S
Taseadearsdsznon suihmiineznie’ll 2.55% sanhmiinfe ldwanuaiu 3.7%

A = ad a aaa @ l = = o Yy a
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aaa Y Y

o ] a <
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a =\ a Aaaa =1
w1

v Y v
pdNFaUNgUUYN 225°C UyasuRATeNgungl 190°C tazyadugaillnionguwgil

U Q Q U

aaa ~ s 9 =

280°C Aunusnaeaimsinal aseuisaaniiosngungil 700°C NyaisulnTengungl

E]

]
a =) 2

9 ]
650°C uazyadugalgnieifigungd 750°C  Aa1m1saduna laa1nns 1l Derivartive

U

a =

. o 1 { % I o 1 1 Q'
Temperature Difference pagdumusnawgaiudumisgaienguund 975°C uyaLsy

Q a QU

v Y v
a ~ a a a ~ a

nalRATengungl 950°C azyadugailfnseingumngil 1050°C Tasa1sseno LaCro,

q U q U

= J 2

= 9 A A a9 9 =3 =
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1650°C #1Asears19ananuuuAItn (qwu ANNUIDITON, 2544) wodunaseumeununsiu

a
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¢ A @ o = a
Tumswuaalabie 14 lunmsdunsigiarsdsznovsau ludamsmusigungiiaie o
A a aan Y A a aan A o 1 v <Y Y !
ﬂlﬂﬂﬂaﬂﬁfﬂ miJmimﬂﬂ;]ﬂiﬁlmmtmuﬂﬂ“lfmﬁluumﬂ@lmﬁl%mmalumimmﬁmm

= a aaa A
LLﬁmJﬂﬁlﬂﬂﬂgﬂiﬁﬂ@nuﬁhﬂﬁ“ﬂ 4.1

La(NO,),.6H,0+Cr(NO,),.9H,0+C ,H,0,.H,0 —>  LaCrO,+6CO,+6NO,
+11H,0+9H, 4.1)
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\ T 0.15

0.1

0.05
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9% | | | | | |
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Temperture (UC)
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=1

U7 4.1 naaswa TGA vosensasdui19duns1zw Lacro,
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Deriv.Temperature Difference("C)
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Funldduns
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4.2 ﬂ]‘iﬁﬂ‘]sﬂ'J{]ﬂ]ﬂsllf’Niﬂ5ﬂi$ﬂ@ﬂﬁﬁﬁﬂ]‘i!ﬂ1!!ﬂﬁl’l"ﬂu

421  msUsgneuNugIM LaCro,
A 2 Y Y Ay ¥
517 4.3 naaswansinu1ign1Adle XRD veea1515znoy LaCro, 7l 141N

a

@ P o Iy oA o o
ﬂﬁﬁx‘llﬂﬁﬁﬁ‘ﬁﬂ@ﬂlﬁiﬂlﬂﬁ%ﬁﬂ uawmﬂmwnmallﬁﬁumqmwm 1100°C L']J‘L!L’Ja”l 4 GH’JT?N

G

Y
Y o

Sy v "o Sy = Y o
9101519 XRD #lavznudigmavesansilsznoui lanindiiveziilassadwanvus
Y o A g 7 A 4 1o 4
TndiResnumlananniuaisidsznovesn ladidomuumesona’lng uadanumladuidolu
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La, St, ,Cr, Ni, O, 5.75 1.27
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La, Sr, Cr, Fe,,0, 7.16 8.66 0.14
La, ,Sr, Cr, ,Mn, O, 1.53 2.99 0.27
La, ,Sr, Cr, Mn, 0, 0.37 1.28 0.47
La, ,St, Cr,,Ni, |0, 10.72 13.63 0.17
La, ,St, Cr, Ni, ,O, 13.78 17.54 0.18
La, ,St, Cr, Ni, ,O, 16.00 20.68 0.18
La, ,St, Cr, Ni, ,O, 37.23 48.40 0.16
La, ,Sr, Cr,.Ni, O, 58.74 72.76 0.15
La, ,Sr, Cr, Ni, O, 58.80 69.20 0.13
La, Sr, ,C1O, 27.55 29.37 0.13
La, S, Cr, Fe, 0, 22.40 25.12 0.14
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La, Sr, ,Cr, Ni, O, 35.20 44.94 0.17
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Aaw A o s A 1 1 9 Y Y v ag 4
nnuATeRrMNMNsdunzraasouaeatiuld TEC IndiResnudanIng lad
NMna15Us2ne 8YSZ 91AN15518911U09 Zhong, Z. (2006) WLI1A1 TEC Vo4 8YSZ iag

LaCrO, 92311 10.5x10° 1az 8.8x10°/°C
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LaCrO,* 88
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La,,Sr, Cr,,Ni, O, 911
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La,,Sr,,Cr,Ni, ,0, 10.52
La,,Sr,,Cr, [Ni, O, 11.98
La,,Sr,,Cr, ;Ni, O, 12.51
La,,Sr,,Cr, Ni, O, 12.86

HueLve * ﬁ’%ﬂiwﬁ'ﬁ}’watﬁ Combustion (Zhong, Z. (2006))
#* FUATIZHA1075 Spontaneous combustion (Zhang, L.L. (2004))

#xx FUAT12HA87T Solid state (Ding, X., Liu, Y., Gao, L. and Guo, L. (2006))
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Pattern : 01-074-1961

Radiation = 1.540600

Quality : Calculated

LaCrOs

. Lanthanum Chromium Oxide
| Perovskite group
| Also called: Lanthanum chromium(lll) oxide - HT

Lattice : Cubic Mol. weight = 238.90

S.G.: Pm-3m (221) Volume [CD] = 58.77
a= 3.88800 Dx = 6.750
Z= 1

Wicor=11.89

ICSD collection code: 041061

Test from ICSD: No R value given.

Test from ICSD: At least one TF missing.
Cancel:

Data collection flag: Ambient.

| Devi, P.S., Rao, M.S., J. Solid State Chem., volume 98, page 237 (1992)
Calculated from ICSD using POWD-12++

" Radiation : CuKal Filter : Not specified

‘ Lambda : 1.54060 d-sp : Calculated spacings

SS/FOM : F11=1000(0.0000,11)
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Pattern : 01-089-0448

Radiation = 1.540600 Quality : Calculated

La(CrO4)

Lanthanum Chromium Oxide
Also called: Lanthanum chromate(V)

Lattice : Monoclinic Mol. weight = 254.90

| S.G.: P21in  (14)

Volume [CD] = 329.52

a= 7.04100 | Dx= 5.138
b= 7.23700 beta= 104.94

¢= 669300

alb= 097292 z= 4 Mcor=" 3.88
c/b= 092483

ICSD collection code: 081938

ICSD space group comment: ICSD SG: P121/N1
form: P21/n

Remarks from ICSD/CSD: X-ray diffraction (powder)
Cancel:

Data collection flag: Ambient.

IT is: 14 SG short

Carter, J.D., Anderson, H.U., Shumsky, M.G., J. Mater. Sci., volume 31,
page 551 (1996)
Calculated from ICSD using POWD-12++

Radiation : CuKal Filter : Not specified

Lambda : 1.54060 d-sp : Calculated spacings

SS/FOM : F30=185(0.0041,40)
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Pattern : 01-070-2696

Radiation = 1.540600

Quality : Calculated

(Lao.e5Sro.15)(Cr0O3)

Lanthanum Strontium Chromium Oxide

Lattice : Rhombohedral Mol. weight = 231.21

S.G.: R-3c (167) Volume [CD] = 349.01

a= 5.50440 Dx = 6.600

¢= 13.30105

Z= 6 Wicor=6.01

ICSD collection code: 051193 -

Test from ICSD: REF Journal of Solid State Chemistry.

Test from ICSD: CLAS -3m (Hermann-Mauguin) - D3d (Schoenflies).
Test from ICSD: PRS hR10.

Test from ICSD: ANX ABX3.

Test from ICSD: WYCK e b a.

Temperature factor: ITF

Cancel:

Data collection flag: Ambient.

Tezuka, K., Hinatsu, Y., Nakamura, A., Inami, T., Shimojo, Y., Morii, Y., J.
Solid State Chem., volume 141, page 404 (1998)
Calculated from ICSD using POWD-12++

Radiation : CuKal Filter : Not specified

Lambda : 1.54060 d-sp : Calculated spacings

SS/FOM : F30=345(0.0028,31)
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Pattern : 00-033-1324

Radiation = 1.540600

Quality : High

SrCrOs

Strontium Chromium Oxide

Lattice : Orthorhombic
S.G.: P21nb (33)
;;:71050700 -
b= 14.19400

¢ = 5.80900

a/b = 0.70502 Z=

¢/b = 0.40926

Mol. weight = 291.23
Volume [CD] = 825.11

Dx = 4.689

Color: Black

Sample preparation: Made by heating Cr2 O3 with Sr Cr O4 and Sr (O H )2 i

under N2 at about 1000 C for about 1/2 hour.

Structure: Structure reference: Wilhelmi, K., Ark. Kemi., 26 157 (1967); 19-

1206.

Structure: Sr2 Cr O4 transforms to K2 Ni F4-type structure at 65 kbar, 1000

C [Kafalas, J., Longo, J. Solid State Chem., 4 55 (1972)].
Additional pattern: To replace 00-019-1206.

Data collection flag: Ambient.

Natl. Bur. Stand. (U.S.) Monogr. 25, volume 16, page 71 (1979)

CAS Number: 12206-20-1

Radiation : CuKat
Lambda : 1.54060

SS/FOM : F30=40(0.0143,53)

Filter : Monochromator crystal
d-sp : Diffractometer

Internal standard : Si
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Pattern : 01-089-8310

Radiation = 1.540600

Quality : Calculated

(La16Sr0.4)NiO4

Lanthanum Strontium Nickel Oxide

Lattice : Body-centered tetragonal

S.G.: l4/mmm (139)

a= 3.81900

Mol. weight =

Volume [CD] = 185.67

Dx = 6.797

379.99

c= 12.73045

zZ= 2 Vicor=6.58
ICSD collection code: 088633
Temperature of data collection: REM ~ TEM 25 C.

Cancel:
Data collection flag: Ambient.

Millburn, J.E., Green, M.A., Neumann, D.A., Rosseinsky, M.J., J. Solid State

Chem., volume 145, page 401 (1999)
Calculated from ICSD using POWD-12++

Radiation : CuKa1
Lambda : 1.54060

SS/FOM : F30=246(0.0038,32)

Filter : Not specified

d-sp : Calculated spacings
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Pattern : 01-089-8312 Radiation = 1.540600 Quality : Calculated
(La14Sros)NiO4 2h i h ko
13920 58 0 0 2
24383 247 1 0 1
28.051 142 0 0 4
Lanthanum Strontium Nickel Oxide 31.563 999 1 0 3
33.250 717 1 1 0
36.204 16 1 1 2
42635 131 0 0 6
42.727 238 1 0 5
44.043 297 1 1 4
47.734 314 2 0 0
49.969 4 2 0 2
—_— — S — — 54311 48 2 1 1
Lattice : Body-centered tetragonal Mol. weight = 369.74 gg:);g g; } (1) (75
S.G.: Mimmm (139) Volume [CD] = 184.32 2 m 2.0 4
- = 58.356 264 2 1 3
a= 3.80760 Dx = 6.662 65004 96 2 0 5
65973 94 2 1 5
68.506 49 1 1 8
_ 69.809 71 2 2 0
AR 7120 1 10 9
= = 71.592 1 2 2 2
zZ= 2 Wicor= 6.42 74,586 3 0 0 10
75.170 8 3 0 1
76.646 57 2 1 7
76.839 48 2 2 4
78.306 47 2 0 8
78.626 49 3 0 3
79.546 64 3 1 0
ICSD collection code: 088635 81.253 1 3 1 2
Temperature of data collection: REM ~ TEM 25 C. 84.141 17 1 1 10
Cancel: 85.363 32 2 2 6
Data collection flag: Ambient. *85.363 32 3 0 5
86.332 51 3 1 4
88295 48 1 0 M

Millburn, J.E., Green, M.A., Neumann, D.A., Rosseinsky, M.J., J. Solid State
Chem., volume 145, page 401 (1999)
Calculated from ICSD using POWD-12++

Radiation : CuKa1 Filter : Not specified

Lambda : 1.54060 d-sp : Calculated spacings

SS/FOM : F30=1000(0.0000,30)
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Manalsnaiuuteuvosmslseney Lay,Sr, Cr, Ni, O,

[

adIU La:Sr:Cr:Ni: O
09:01:06:04:3

0.9x100 : 0.1x100 : 0.6x100 : 0.4x100 : 3x100
5 5 5 5 5

18:2:12:8:60

YSunaasn 149n ICP 5722 mg/l : 462 mg/l : 1291 mg/l : 1207 mg/l
5.722 g/1:0.462 g/1 : 1.291 g/1: 1.207 g/

wasuilu mol 5722 : 0462 : 1.291 : 1.207
138.91 87.62 51.996  58.71

0.041 : 0.004 : 0.025 : 0.02

Y
%

Anttanuaiiy 40% 0.041+0.004+0.025+0.02=0.09

a1Af 60% 0.09x60/40 =0.135

ﬁﬂﬁgjﬂﬁuﬂ 100% 0.09+0.135=0.225

1 La 0.041 mol =0.041x100/0.225 =18.2 x 5/100=0.91
Sr 0.004 mol =0.004x100/0.225 =1.78 x 5/100=0.089
Cr 0.025 mol =0.025x100/0.225 =11.11 x 5/100=0.5555
Ni 0.02 mol =0.02x100/0.225 =8.88 x 5/100= 0.444

dadauasilsznoui 1dne La,, Sr, ,,Cr, < Ni, ,,0,

0.91
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Synthesis and Physical Properties of La, Sr, ,Cr, MO, 5 (M= Ni, Fe, Mn) As Interconnects for
Solid Oxide Fuel Cell

Anuchit Ruangvittayanon N and Sutin Kuharuangrong k

1) School of Ceramic Engineering, Suranaree University of Technology, Nakhon Ratchasima 30000

Abstract

The effects of 10 and 20 mol% of Ni, Fe or Mn substitutions
on the Cr site of LaggSry1CrO; were synthesized by citrate gel
combustion method. The suitable calcination temperature of
these compositions was 1100°C for 4 hrs to obtain a single
phase of perovskite as similar to LaCrO,. The sample bars
were formed by coid isostatic press and sintered at 1400°C for
5 hrs in air. The results showed a single phase after sintering at
high temperature for the compositions doped with Ni and Fe. In
contrast, with Mn substitution, the structure tended to change

from orthorhombic to rhombohedral after sintering. The

undoped LaCrO;. The maximum conductivity of 17.5 S cm ~ at
BOOOC in air was obtained from Lag¢Sro1CrogNip205.5 and its
activation energy was 0.18 eV in the temperature range of 100-
800°C.

1. Introduction

Lanthanum chromite-based perovskite oxides have been
investigated as interconnect for SOFCs due to the high stability
in oxidation and reducing environment and good electrical
conductivity. In order to enhance the performance of LaCrO,,
an increasing of the electrical conductivity of LaCrO4 associated
with operating at iow temperature is required. The substitutions
on La and Cr sites have been studied on mechanical stability
and electrical conductivity. Z. Zhong (7) has studied the
compositions of Lag 75Cag.25Cro.g2 - XC00.06AKO3 _ 5 (x = 0.02, 0.06,
0.09, 0.12) for mechanical stability in reducing atmosphere. It

P T T A T T o
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With Ca, Sr and Ba dopants (2), Ba exhibits lower electrical
conductivity than Sr and Ca doped into LaCrO; The
substitution of 70 mol% Mn into chromium site was reported to

improve the density of La(Cr, Mn)O; up to 95% of theoretical

d

itv. With a
VA LTy

conductivity decreased (3).

The values of electrical conductivity at 800°C in air for
Lag ¢Sro,05Ca0 15Cro 9gClg 0203 LagsSro0sCap 15CrogNio 103 and
La gSrg0sCap 15CrogsVoos0s investigated by Gil-Yong Lee (4)
were 34 S/cm, 48 Slcm, and 22 Slcm, respectively. The

Lag gSro 05Cag 15CrogNip1O; sample shows highest relative

* Corresponding author, E-mail : Anuchit@sut.ac.th

density and electrical conductivity. The relative density
increased with sintering temperature for Cu and Ni dopants.

X. Ding et al. (5) have reported the electrical conductivity
for Co-, Ni- and Cu-doped LaggsSry15CroesMoosO; is 2.127,
3.052 and 0.34 Scm'1. respectively at room temperature. The
Co- and Ni-doped samples exhibited relatively higher
conductivity values than that of Cu-doped composition. In
addition, Lag g5ST.15Cro.95Nip02C000203  showed  higher
conductivites at high temperature as compared to
Lag g5Sro15CrogsNiogsOs  and  LaggsSro 15CrogsCogs03.  The

sintering temperature is a critical parameter for electrical

Coy ;05 s conductivity
CogzVs S CONCUCHVYY
sintered at 1573 K is higher than that sintered at 1623 K. The
activation energy of this composition sintered at 1573 K is 0.104

eV, which is lower than the value from LaCrOj; (0.19 eV) (6).

2. Experimental procedure

The starting materials were metal nitrate : La(NO3)3.6H,0,
Sr(NOj3),, Cr(NO3)3.9H,0, Fe(NO5)3.9H,0, Mn(NO3),.4H,0, and
Ni(NO3),.6H,0. The compositions of LaCrO,, Lag ¢Sty 1CrO5 and
Lag gSry 1CrixMO3 (M = Ni, Fe, Mn; x = 0.1 and 0.2) were
prepared by citrate gel combustion method. Stoichiometric

amounts of metal nitrate were dissolved in minimal amount of

deionized water. After mixing, aqueous soluti
mol of citric acid per 1 mol of total cations) was added to the
mixture. The mixed solution was heated on a hot plate until
tumed into a gel. The gel slowly foamed, swelled and finally

bumt to obtain dark residue. After grinding, powder was

8

ed at 1100°C with a s for 4 hrs and

calcined phase was analyzed by X-ray diffraction (XRD, Bruker
D5005). The calcined powders were pressed into pellets with
cold isostatic press under a pressure of 200 MPa and sintered
in air at 1400°C for 5 h. The microstructure of the sintered
specimens was characterized by scanning electron microscope
(SEM, Jeol JSM-6400). The electrical conductivity was

PSR,
Qgetermined by ac

=

S PSS PR T
UF-prODE as a 1unciion of iemperatuie. ine

data were collected from room temperature to 800°C with a

heating rate of 4°C/min.
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3. Results and discussion

Figure 1 shows the XRD patterns of all calcined
compositions. The result shows a single phase of perovskite as
similar to LaCrO; (JCPDS: 89-8770). This indicates that 20
mol% of these transition metals substitution into Cr can form a

solid solution with LaCrO,.
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- @ A
2 1500 2 A u
£ L@ A | i
1000 - f @ J A {\-
C @ ) s
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Figure 1
VDN mattarna ~f (a1 20N L\ 1o Qe NN
XRD pattems of (a) LaCrCs, (b) LaggSrp1CiCa,

(¢) LagSro 1CrogNio 103, (d) LaggSro 1CrogNig 203,
(e)LaggSro1CrogFeq 10z, () LaggSro1CrogFen20s ,
(9) LagSr01CrogMng 10, (h) Lag gSro1CrogMno 205 after

calcination at 1100°C.

Figure 2 shows the XRD patterns of all compositions after
sintering at 1400°C. The resuits show a singie phase for the
compositions with Ni and Fe. In contrast, with Mn substitution,
the structure tends to change from orthorhombic to
rhombohedral after sintering at higher temperature than

calcination as indicated by the arrows at 20 32.8 and 58.8°.
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Figure 2

XRD patterns of (a) LaCrO,, (b) LagSro1CrO;,
(¢) LaggSro 1CrogNio 103, (d) LagSro.1CrogNio 203,
(€) LaggSro.1CrogFeo 103, (f) LaosSro.1CroFeq. 205,
(9) LaggSro.1CrogMng 103, (h) Lag ¢Sro 1Cro gMng 03

after sintering at 1400°C.

Figures 3(A]

sintered compositions after polished and thermally etched. The
result shows the microstructure of LaCrO, is porous and its
average grain size is approximately 2 lim as illustrated in Fig
3(A). As interconnect of SOFC, the high density of this material
is required to prevent the gas leakage between the cathode and
anode during the operation. Therefore the higher sintering
temperature should employ for this composition. With 10 mol%
Sr substitution, the grain size tends to reduce (Fig.3(B)). An
addition of Fe, Mn or Ni enhances the connection between the

grains resulting in an increase of densification as d in
Figs 4(C)-(E). Although these transition metals improve the
density of LaCrO,, the porosity is still too high to use as
interconnect. The longer soaking time at the sintering
temperature of 1400°C should reduce the intergranular pores of

this composition.

g
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Figure 3
SEM micrographs of the sintered compositions:
(A)LaCrO;, (B) Lag gSro1CrOs, (C) LaggSro.1CrogFeq 203,
(D) LaggSro 1CrogMng 03, (E) Lag Sro.1CrogNig 203

Table 1 Electrical conductivity (O) at 800°C and activation

energy (Ea) of sintered compositions.

Compositions - 8({?.0 ErleV)
Sem'’) 100-800°C
LaCrO, 0.10 0.21
Lag gSrg1CrO; 6.73 0.12
Lag¢Sro.1CrogMng 103 2.99 0.27
Lag ¢Srg 1CrggMng 205 1.28 0.47
Lag ¢Sr.1CrogFe 103 7.69 0.14
Lag¢Sro.1CrogFe20; 8.66 0.14
Lag gSr 1CrogNig 105 13.63 0.17
Lag gSrg 1CrogNig 203 17.54 0.18
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Figure 4(A) and (B)

Arrhenius plots of the electrical conductivity for compositions of

Lag ¢Srg1Cry.MxO3 (M= Ni, Fe, Mn ; x = 0-0.2)

Figures 4(A) and (B) show the linear relationship between
In GT and 1000/T. The electrical conductivity of LaCrO; is 0.1 S
cm’ which is lower than Ong et al 's report, 0.34 S cm‘1(2)4
Doping Sr into La site, the electrical conductivity is much higher
than that of LaCrO,. With an additon of Ni or Fe into
LaggSrg1CrO;, this composition exhibits higher electrical
conductivity. In contrast, doping with Mn into LaggSrgCrO3, the
electrical conductivity decreases with the amount of Mn. This is
possibly due to the structural change as indicated in Fig.2. In
this work, the highest electrical conductivity can be obtained

from LaggSry 1CrogNip 05,5 of 17.54 S om” at 800°C. The
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conductivity at 800°C and activation energy determined from the
slope for all compositions are given in Table 1.

4. Conclusions

The compositions of LaCrO,; — LaggSrp(CrO; and
LaggSro.1CrixMO3 (M = Ni, Fe, Mn; x = 0.1 and 0.2) were
prepared by citrate gel combustion method. The powders show
a single phase perovskite after calcinations at 1 100°C. The
substitution of Sr increases the conductivity of LaCrOs. With the
addition of Ni or Fe, the conductivity increases and it increases
with the amount of dopant. Ni gives better conductivity than Fe.
As compared to Ni and Fe, Mn substitution reduces the

conductivity of Lag gSrg 1CrO;.
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Abstract

LagsSro1CrOs;s has been selected as base material for fuel cell interconnect. The effects of Ni
substitution on the B site of lanthanum strontium chromite (Lag,Sr,;CrO;) have been investigated
on phase, microstructure and electrical conductivity. All compositions were synthesized by citrate gel
combustion method. The suitable calcination temperature of these compositions to obtain a perovskite
phase was 1100°C with a soaking period for 4 h. The sample bars were formed by cold isostatic
press and sintered at 1,400°C for 5 h in air. The phase, microstructure, thermal expansion coefficient
(TEC) and electrical conductivity were determined by XRD, SEM, Dilatometer and dc four-probe as a
function of temperature. For the compositions with x < 0.5, the results show a single phase after
sintering and the conductivity of Ni-doped composition increases as Ni content increases. The
maximum conductivity of 72.76 S cm! at 800°C in air was obtained from LagSro,;CrosNigsOs5 and
its activation energy in the range of 100-800°C was 0.15 eV. The thermal expansion coefficient in a
temperature range of 200 - 800°C for this composition was 12.5 x 106 K.,

Keywords: Solid oxide fuel cell, LaCrO;, citrate gel, interconnect

Introduction

Lanthanum chromite-based perovskite oxides

nnnnnnnnnn F
have been mvestxgated as interconnect for

SOFCs due to the high stability in oxidizing and
reducing environment and good electrical con-
ductivity. In order to enhance the performance
of LaCrO;, an increasing electronic conductivity
at low temperature of LaCrOs is required. The
partial substitutions of alkaline earth metal ions
into La-site (Mori et al., 1999) and transitional
metal ions into Cr-sites have been studied on
mechanical stability, thermal expansion and

electrical conductivity (Mori and Sammes, 2002;
Ding et al., 2006, Zhong, 2006; Ghosh ez al., 2007).
An addition of Ba performed the lower electrical
conductivity than that of Sr and Ca (Ong and
Wu, 2007).

Ghosh et al. (2007) synthesized nanocry-
stalline powders of Lag ¢Cag;Cr;..MO5.5 (M=Al,
Co, and Mg). Substitution with Co improved the
electrical properties but simultaneously increased
the thermal expansion coefficient. In contrast,
substitution with Al deteriorated its electrical

t This paper was presented at 2" SUT-Graduate Conference 2009
School of Ceramic Engineering, Suranaree University of Technology, 111 University Avenue, Muang District,
Nakhon Ratchasima, 30000, Thailand, Tel. 0-44224471, E-mail: anuchit@sut.ac.th, sutin@sut.ac.th
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property but enhanced the densification. Zhong
(2006) studied the mechanical stability of
La0.75Ca0425Cr0.92_xC00v08A1XO3_5 in reducing
atmosphere. The mechanical stability decreased
with an increasing Al content; however, their
electrical conductivity increased.

Ding et al. (2006) reported the substitu-
tion effect of Ca, Mg, and Sr into A site and Ni,
Cu, and Co into B site on sinterability, electrical
property, and TEC behavior of LaCrOs. The
Co- and Ni-doped samples exhibited higher
conductivity values than Cu-doped composition.
Lag g5Sr0.15Cro.95Nip.02C00,0203 showed higher
conductivity at high temperature than
Lag g5510.15Cro.95Nig 0503 and La gsSrg 15Cro o5
Coy 050;. The sintering temperature is a critical
parameter for electrical conductivity of
Lag g5S1,15Cro,05Nig,00C00.0203. The conductiv-
ity of samples sintered at 1300°C is higher than
that sintered at 1350°C The activation energy of
this composition sintered at 1300°C is 0.104 eV,
whichis lower than the value of LaCrO; (0.18 eV)
(Koc and Anderson, 1992). Sr-doped LaCrO;
perovskites were preferable to Ca-doped LaCrO;
as interconnects, because the TEC of Sr-doped
LaCrOj; is more compatible with that of 8YSZ
electrolyte (Ding et al., 2006; Mori et al., 1999)

In this study, the effects of both Sr and
Ni doped into La and Cr site on phase and
conductivity are investigated.

Materials and Methods

The starting materials were metal nitrate hydrate:
La(NOs);.6H,0, Sr(NOs),, Cr(NOs);.9H,0,
Ni(NOs3),.6H,0. The compositions of LaCrO;,
La0,95r041CrO3 and La()pSrO.lCrl,xNix03 (X = 0-06)
were prepared by citrate gel combustion method.
Stoichiometric amounts of metal nitrate were
dissolved in minimal amount of deionized water.
After mixing, aqueous solution of citric acid
(2mol of citric acid per 1 mol of total cations) was
added to the mixture. The mixed solution was
heated on a hot plate until it turned into a gel.
The gel slowly foamed, swelled and finally burnt
to obtain dark residue. After grinding, powder
was calcined at 1100°C with a soaking time for
4 h and the calcined phase was analyzed by

X-ray diffraction (XRD, Bruker D5005). The
calcined powders were pressed into pellets with
cold isostatic press under a pressure of 200 MPa
and sintered in air at 1400°C for 5 h. The micro-
structure of the sintered specimens was charac-
terized by scanning electron microscope (SEM,
Jeol JSM-6400). The electrical conductivity was
determined by dc four-probe as a function of
temperature. The data were collected from room
temperature to 800°C with a heating rate of
4°C/min. Thermal expansion coefficient was
measured by a dilatometer (NETZSCH DIL
402EP) from 50 - 800°C with a heating rate of
3°C/min.

Results and Discussion

Figure 1 shows the XRD patterns of all composi-
tions after calcinations at 1100°C. The result
shows a single phase of perovskite similar to
LaCrO; (JCPDS: 89-8770). This indicates that the
substitution of 60 atom% Ni into Cr can form a
solid solution with Lag¢Sry;CrOs. Further
addition of Ni affects an appearance of other
phases.

Figure 2 shows the XRD patterns of all
compositions after sintering at 1400°C. The
results show a single phase for the compositions
of x=0-0.5. In contrast, with x = 0.6 the appear-
ance of secondary phases, can be observed from
the addition peaks at 26 = 30.6, 31.5, 42.8, and
43.9° as indicated by the arrows. The possible
phases are Sr,CrO, and either (La 4Sro6)NiOy
or (Lay 6510 4)NiO,. Therefore, the composition
of x = 0.6 is beyond the solubility limit of
LagSro,CrO;.

Figure 3 shows the linear relationship
between In 6T and 1000/T. The electrical
conductivity of LaCrO; is 0.1 Scm™ at 800°C
which is lower than Ong and Wu’s (2007) report,
0.34 Sem™. Doping Sr into La site, the electrical
conductivity is much higher than that of LaCrO;.
With an addition of Ni into Lag ¢Sty ;CrO3, this
composition exhibits higher electrical conduc-
tivity. In contrast, doping with x = 0.6 into
Lay4Sry,CrO;, the electrical conductivity is
lower than that of x =0.5. This is possibly due to
the presence of secondary phase as appeared
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Figure 1. XRD patterns of LaCrO; and Lay ¢Sty ;Cr;.Ni, O35 (x = 0-0.6) after calcination at
1100°C
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Figure 2. XRD patterns of LaCrO; and Lay ¢Sry ;Cr;,Ni,O 5 (x = 0-0.6) after sintering at 1400°C
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Figure 3. Arrhenius plots of the electrical conductivity for compositions of LaCrO; and
La0_9Sr0.1Cr1.xNixO3 (X = 0-0.6)




103

322 Physical Properties of Lag oSty ;CryNi, O3 4 (x = 0-0.6) Synthesized

Figure 4. SEM micrographs of the sintered compositions of (a) LaCrQj, (b) LagsSry;CrOs,
{¢) LagySro.1CroyNig.1 03, (d) LageSr1CrgNig203, () LageSr1Cry7Nig303,

(f) Lay ¢SrgCro¢Nig 403, (g) LagsSrg1CrysNigs03, (h) LageSro1Cr4Nigs03

Table1. Electrical conductivity (c) at 800°C, thermal expansion coefficient (200 - 800°C) and
activation energy (E, ) of sintered compositions

COIHPOSitiOHS o at 800°C TEC09-800°c E4 (eV)
(Scm™) x10°KY 106 - 8006°C
LaCrO; 0.10 8381 021
LagSry CrOs 673 982 012
La0_95r0, ICI'O‘gNiOI 103 13.63 9.11 0.17
La0A9Sr0,1Cr0‘gNi0.203 17.54 1048 0.18
Lay ¢Sty Crg7Nig 303 20.68 1052 0.18
Lag ¢Sty 1CrgNig 403 4840 11.98 0.16
L&OAQSI‘O.]CI'O.5I‘H0A5O3 72.76 12.51 0.15

Lag oSt0,1Crg4Nig 6053 69.20 12.86 013
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in the XRD result from Figure 2

In this study, the highest electrical
conductivity of 72.76 S.cm™ can be obtained
from Layg ¢Srg;CrosNigsOs.4 at a measuring
temperature of 800°C. The conductivity, activa-
tion energy determined from the slope and TEC
for all compositions are given in Table 1. The
activation energy represents the temperature
dependence of conductivity and depends on the
type of dopant. From the result, Sr reduces the
activation energy of LaCrO; from 0.21 to 0.12 eV.
However, it is independent of the concentration
of dopant. The TEC of pure LaCrO; of 8.8 x 10°®
/°C is similar to Zhong’s work (2006). With Sr
and Ni dopants, the TEC of LaCrOj increases.
In addition, it increases with Ni content.

Figure 4(a-h) represents the SEM
micrographs of the sintered compositions after
polished and thermally etched. The result shows
the microstructure of LaCrOs is porous and
its average grain size is approximately 2 mm as
illustrated in Figure 4(a). As interconnect of
SOFC, the high density of this material is required
to prevent the gas leakage between the cathode
and anode during the operation. Therefore the
higher sintering temperature should employ for
this composition. With 10 atom% Sr substitu-
tion into La site, the grain size tends to reduce
(Figure 4(B)). An addition of Ni enhances the
connection between the grains resulting in an
increase of densification as revealed in Figure
4(C)-(H). This higher density of samples
performs the higher conductivity as shown in

Tignira 2
LIguIc o,

Conclusions

The compositions of LaCrO;, Lag ¢Sty ;CrO; and
Lag o519, Cry«Ni O3 4 (x = 0-0.6) were prepared by
citrate gel combustion method. The powders
show a single perovskite phase after calcination
at 1100°C. The substitution of Sr increases the
conductivity and thermal expansion of LaCrOs.
The densification of sintered samples increases
with Ni content, which results in the higher
electrical conductivity and thermal expansion.
The maximum electrical conductivity is limited
to the Ni content of x =0.5.
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Abstract. Compositions of lanthanum chromite substituted with Sr on the La site and Ni on the Cr
site were synthesized by Citrate gel. The suitable calcination temperature of these compositions was
1100°C for 4 hrs to obtain a perovskite phase. The sample bars were formed by cold isostatic press
and sintered at 1400°C for 5 hrs in air. The phase, microstructure, electrical conductivity were
determined by XRD, dc four-probe as a function of temperature and their chemical compositions
were 1dent1ﬁed by ICP analysis. The result of LagoSriCrosNigsOs.5 shows the maximum
conductivity of 72.76 Sem™at 800°C in air. With further addition of Sr dopant, the conductivity of
Lag 8Sro2Cro sNig 5055 decreases to a value of 54.98 Scm’’. In addition, the structure tends to change
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next cell. The lanthanum chromite has been used as interconnect material for SOFCs due to the high
stability in oxidizing and reducing environment and good electrical conductivity. In order to
enhance the performance of LaCrOs, an increasing electronic conductivity at low temperature of
LaCrO; is required. The partial substitutions of alkaline earth metal ions into La-site [1] and
transitional metal ions into Cr-sites have been studied on mechanical stability, electrical
conductivity and chemical compositons [2-6].

Ding et al. [2] reported the substitution effect on sinterability, and electrical property for Ca,
Mg, and Sr into La site and Ni, Cu, and Co into Cr site of LaCrOs. LaggsSrg.15Cro.95Nig.02C00.0203
showed higher conductivity at high temperature than LaggsSrg15CroosNigsOs and
Lagg5St0,15Crp95C00,0503. In addition, its conductivity sintered at 1300°C was higher than that

sintered at 13250°C. The reported activation enerey of this comnogition gintered at 1200°C and
siterea at 155V L. 1n€ reportea aclivalion energy oI tnis COmposiion sintereq at 15vv U and

1350°C was 0.104 and 0.114 eV, which is lower than that of LaCrOs (0.19 eV) [8].

Ghosh et al. [3] synthesized nanocrystalline powders of LaggCagCrixMxO3.5 (M=Al, Co,
and Mg). Substitution with Co improved the electrical properties but simultaneously increased the
thermal expansion coefficient. In contrast, substitution with Al deteriorated its electrical property
but enhanced the densification. Zhong [5] reported the mechanical stability of Lag75Cag25Croo2-
xC0008A105.5 decreased with an increasing Al content, however their electrical conductivity
increased. Lag Sty 0sCag.15CrogNig 03 investigated by Gil-Yong Lee [6] showed highest relative
density and electrical conductivity as compared to LaggSrosCagi5CroosCug203 and
Lag sS10.05Ca.15Cr0.95V0.0503. An addition of Ba performed the lower electrical conductivity than
that of Sr and Ca [7].

In this qmdv the effects of both Sr and Ni dnnpd into La and Cr sites on phase,

microstructure, electrlcal conductivity and chemical compositions are investigated.

All 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: 203.158.4.115-14/12/09,07:37:02)
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Experimental procedure

The starting materials were metal nitrate hydrate: La(NOs)3.6H,0, Sr(NOs);, Cr(NOs);.9H,0,
Ni(NOj3),.6H,0. The compositions of LaCrO; and La;SrxCriyNiyO3 (x = 0.1-0.2; y=0-0.6) were
prepared by citrate gel combustion method. Stoichiometric amounts of metal nitrate were dissolved
in minimal amount of deionized water. After mixing, aqueous solution of citric acid (2 mol of citric
acid per 1 mol of total cations) was added to the mixture. The mixed solution was heated on a hot
plate until it turned into a gel. The gel slowly foamed, swelled and finally burnt to obtain dark
residue. After grinding, powder was calcined at 1100°C with a soaking time for 4 hrs. The calcined
phase and sintered specimens were analyzed by X-ray diffraction (XRD, Bruker D5005). The
calcined powders were pressed into pellets with cold isostatic press under a pressure of 200 MPa
and sintered in air at 1400°C for 5 h. The electrical conductivity was determined by dc four-probe
as a function of temperature. The chemical compositions of calcined powder at 1100°C for 4 hrs
were identified by Inductively Coupled Plasma (ICP, Perkin Elmer Optima 3000).

Results and discussion

The XRD patterns of all compositions after calcination at 1100°C show a single phase of perovskite
as similar to LaCrO; (JCPDS: 89-8770). This indicates that the substitution of 60 atom% Ni into Cr
can form a solid solution with Lag ¢Sty ;CrOs.and Lag sSty ,CrOs. Further addition of Ni results in an
appearance of other phases on those compositions.
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Fig.1. XRD patterns of LaCrO3 and Fig.2. XRD patterns of LaCrOs and
Lag ¢Sr0.1Cr1xNixO3.5 (x = 0-0.6) after sintering ~ Lag gSro2Cr;NixOs.5 (x = 0-0.6) after sintering
at 1400°C. at 1400°C.

Figs. 1 and 2 show the XRD patterns of all compositions after sintering at 1400°C. The results
show a single phase for the compositions of x=0-0.5. In contrast, with x = 0.6 the appearance of
other phase can be observed as indicated by the arrows. Therefore, the composition of x = 0.6 is
beyond the solubility limit of LaggSro,CrOs. The structure of LaggSro,CrixNixO3; (x = 0.2-0.4)
tends to change from the doublet peaks (110, 104 and 214, 018) of orthorhombic to a nearly singlest
peak rhombohedral.

Figs. 3 and 4 show the linear relationship between In(cT) and 1000/T. The electrical
conductivity of LaCrO; is 0.1 Sem™ at 800°C which is lower than the previous report from Ong et
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al [7]. With Sr dopant, its electrical conductivity is much higher than that of LaCrOj; as shown in
Tablel. With an addition of Ni, LaggSrooCrO; exhibits higher electrical conductivity than
LaSro.1CrO;. Doping Sr and Ni will introduce the hole concentration on the Cr site. The charge
compensation from Cr’* to Cr*" enhances the hole hopping conduction in LaCrOs. However, with x
= 0.6 of Ni dopant, the electrical conductivity of these two compositions is lower than that of x =
0.5, This is possibly due to the presence of secondary phase as appeared in the XRD result from
Figs. 1 and 2.
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Fig.3. Arrhenius plots of the electrical
conductivity for compositions of LaCrOs; and
La0,98r0_1Cr1.xNix03 (X = 0-06)

Fig.4. Arrhenius plots of the electrical
conductivity for compositions of LaCrOj; and
Lag Sro.2Cr1.xNixO;3 (x = 0-0.6)

Tablel. Electrical conductivity(c) at 600°C, 800°C and activation energy(Es) at 100-800°C of
sintered compositions.

Composition 0 at600°C (Sem”)  ©at800°C (Sem’)  Ea(eV) 100-800°C
LaCrO; 0.08 0.10 0.21
Lao,gerJCrOg 6.17 6.73 0.12
LaggSrg,CrOs 27.55 29.37 0.13
Lao,9Sro,1Cr0A9Ni0_103 10.72 13.63 0.17
Lag ¢Sr0.1Cro7Nig 305 16.00 20.68 0.18
LaogSro,1Cr0,5Ni0,5O3 58.74 72.76 0.15
La0‘98r0,1Cr0_4Ni0,503 58.80 69.20 0.13
LaoAgSro,ZCro,gNi0,103 23.90 29.17 0.17
Lao_gSrg_ZCr0,5Ni0‘503 41.56 54.98 0.17
Lao_gsroAzCr[),4Ni0<603 35.20 44,94 0.17

Table2 Chemical compositions of LaCrOs;, LaggSrg;CroeNig4O3, LagoSrgCrosNigsO3; and
Lao,gsro_2cr0,6Ni0.4O3 powders by ICP-OES

Element
Composition La(mol%) Sr(mol%) Cr(mol%) Ni(mol%)
LaCrO3 21.77 18.22 Lal .09CI'0,9103
Laogsru 1 Cro_(,Ni()AO; 18.22 1.78 11.11 8.89 Laom Sr0A09Cr0_55Ni0‘4403
La0,98r0,1Crg,5Ni0‘5O3 17.14 2.04 8.57 12.24 Lao_g(,Sro,10Cr0,43Ni0<6103

Lao,gsroAzcrg_ﬁNi0,403 15.95 345 10.77 9.91 Laojgsroj7C1’0,54Nio<4903
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In this work, Lag ¢Sro.1 Cro sNig sOs.5 performs the highest electrical conductivity of 72.76 S.cm™

at a measuring temperature of 800°C. The conductivity and activation energy determined from the
slope of these plots for all compositions are given in Table 1. This represents the temperature

dependence of conductivity. From this result, the activation energy for all doped compositions is
lower then that of LaCrOs and independent of dopant concentration.
The actual composition of some samples are analyzed by ICP as given in Table2.

Summary

The compositions of LaCrO; and La;.Sr,Cr; yNiy03 (x=0.1-0.2; y—O -0. 6) were prepared by citrate

agal combngtion mathod Tha wowodace om0 ocdoola obocn oo 1t £ 11000~

£C1 COmousuon meinda. 168 powacis Snow a bulglc prase perovskiic aucl LdlbludLlUIl at 11uu C.
Both of Sr and Ni increase the conductivity of LaCrOs. The Ni content of x = 0.5 gives better
conductivity on Lag¢Sro,1Cr1«NixO3 (x = 0-0.6) and is the upper limit to form the solid solution with
Lao,gsroAICrO}
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