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PALIN SITTIPON : SYNTHESIS AND PHYSICAL PROPERTIES OF
SryFe, M, O.., (M = W, Mo, Mn, Co, Ni) THESIS ADVISOR : ASSOC.

PROF. SUTIN KUHARUANGRONG, Ph.D., 125 PP.

SOLID OXIDE FUEL CELL/ANODE/RUDDLESDEN-POPPER/CITRATE GEL/

XANES

The objective of this thesis is to investigate the properties of SryFe, M O,
(M =W, Mo, Mn, Co, Ni) as a potential anode material for intermediate temperature solid
oxide fuel cell. The experiments were concentrated on a suitable synthesis method
from three different methods, solid state reaction, coprecipitation and citrate gel. W,
Mo, Mn, Co, and Ni used as dopants on Fe-site were studied on the microstructures
and electrical conductivity of these compositions. In addition the oxidation state of Fe
ion using XANES technique was investigated to correlate to the electrical
conductivity.

The results show that the suitable method to synthesize Sr;Fe,O,,; is citrate gel
method and the calcination temperature to obtain a single phase is 1200°C with
a soaking time for 2 hrs. The SEM microstructure of Sr;Fe,O,,; shows porous material
with the average grain size of 3-6 pm. With W Mo and Mn dopants, the grain size
tends to decrease, however Co and Ni dopants enlarge the grain. The electrical
conductivity of SryFe,0O,, ; decreases with the dopants of W Mo and Mn. However,
the electrical conductivities of Co and Ni dopants increase and their values at 600°C

for Sr,Fe, (Co,,0,.5 and SrjFe, (Nij,O, s are 31 and 36 S/cm, as compared to

14 S/cm for Sr;Fe,0,,;. The oxidation state of Fe-ion from XANES technique shows



mixed valencies of +2 and +3 in Sr;Fe, M O, ; (M =W, Mo, Mn, Co, Ni). The high
electrical conductivity of this system is expected to occur with an equivalent fraction

of +2 and +3. Sr,Fe, ;Co,,0.,; and SryFe, (Ni ,O,  with a fraction of +2 and +3

for 0.45 : 0.55 and 0.44 : 0.56, respectively, give higher conductivity than other

compositions in this work. Thermal expansion coefficient values in a temperature

range of 350-800°C for Sr,Fe, (Co,,0..; and Sr,Fe, [Nij,0,,; are 14.61 x 10°C” and

14.22 x 10_6°C_1, respectively.
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(Jiang, 2004)

o/Sem’”
Composition - -
Temperature/Reducing Temperature/Oxidizing
La,,Ca,,TiO, 2.7 (900°C) -
La, Sr, TiO, 60 (900°C) -
La,.Ca, Cr,,Ti, O, 0.03 (900°C) -
La, Sr,,TiO, (Sintered in air) 3(1000°C) 1 (1000°C)
La,,Sr,  TiO, (Sintered in air) 3(1000°C) 1 (1000°C)
La,,Sr, ,TiO, (Sintered in air) 4(1000°C) 1.3 (1000°C)
La, Sr, ,TiO, (Sintered in air) 16 (1000°C) 0.004 (1000°C)
La,,Sr,,TiO, (Sintered in H,) 80 (1000°C) 0.004 (1000°C)
La,,Sr,  TiO, (Sintered in H,) 200 (1000°C) 0.03 (1000°C)
La, ,Sr,,TiO, (Sintered in H,) 200 (1000°C) 0.01 (1000°C)
La, Sr, TiO, (Sintered in H,) 360 (1000°C) 0.03 (1000°C)
STy 5 Y 1T 0sC2, 05O, 37 (800°C) -
Sty a5 Y 1T 0sC 04,0505 45 (800°C) -
Sty 45 Y1 Tig 0521 0505 13 (800°C) -
Sty 45 Y1 Tig0sMEy 1505 6 (800°C) -
ST, 5 Y05 TIO, 64 (800°C) -
La,Sr,Ti,O,, 30 (900°C) 8.5x10" (900°C)
La,,Sr,,.Cr, Mn, O, 1.3 (900°C) 38 (900°C)
Sr, . Ti, ,Nb, O, 2.5(930°C) 3x10™(930°C)
Sr,,Ba,,Ti, ,Nb, O, 2.5(930°C) 2x10" (930°C)
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(Jiang, 2004) (70)
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o/Scm’
Composition . .
Temperature/Reducing Temperature/Oxidizing
Sr,,Ba, ,Ti, ,Nb, O, 3.2(930°C) 2x10" (930°C)
Ba, ,Ca,,Ti,,Nb, O, 3.1(930°C) 2x10" (930°C)
Ba, Ti,,Nb, (O, 3.2(930°C) 1x10" (930°C)
Sr,GaNbO, 9x10™ (900°C) 7.8 x10" (900°C)

NU18H9) : * Reducing condition in H, (e.g. 5%H,/95%Ar or P, is< 10

Oxidizing condition in air

v
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Jaqus1in #1598 2191101 Ruddlesden-Popper Sautiaiaulanaauianediu
uiman wazaru Wil Taga w1 wuIT high temperature superconductivity 148 colossal
magneto resistance (Sanchez-Andujar, M., et al., 2004)
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517 2.3 naasanyme Tns9a319 Ruddlesden-Popper

(Kamba et al., 2003)

242 @MedaNIdeTaguiniiNlnssa3 191U Ruddlesden-Popper (RP)
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Veith, G.M., et al. (2002) Tadnuinis 1al Co luTasaada Ruddlesden-Popper
Ja @ 4 . . 1 %)
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o % 1 P a I o
Fe,0, 1182 MoO, IagFiniusasiaiunauazimuaa laungungil 950°C iuna 6 ¥2Tuq
A v < A a & o
viniwi lldalauazimniiniguugil 1150°C luvssernia 5%H/Ar 1funat 3 42 Tug

o ] . . A A o Y Ao N ¥ ' =
ﬁnﬂuu‘ﬂﬂﬁﬂ‘]_lﬂilflNeutrondlffractlonL‘W’EJfJUfJUIﬂﬁQﬁi"NVIﬁQLﬂiTSW"lﬂ NUITNAN



20

= v = ay 3+ 5+,
Sr,FeMoO, 1 1A5e5 191111 RP n =2 (I4/mmm) NQaivigiHiodnas Fe' uag Mo’ ion 132918
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Mogni, L., et al. (2005) ladnu1auiiauea1s Sr,Fe,0,, Niin15iir oy
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o’/’ = o Qy d' U = 1Y [ 4 1 [ a
nindudahFuaun 1d TUAnsaNuauRuF52 1319 Oxygen content (6+8) U gUNQH 400°C
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Zhangming, Lv., et al. (2006) laansauiiania IihwesansiseaenIaseadia
o 4 a,

Ruddlesden-popper Sr,Fe, Ru 0. (0 < x < 1.4) Tagn13§91A3121 92873 Solid state reaction 910
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75 2 Tug vinuii T Saauiiania lWdudTeufensuguvgiasusa 100 - 300K Wi
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Woo-Hwan Jung (2006) laantianianissildihvesasdsenenlaseaihe
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A15199 2.3 uaaeamimsii lWihwesTag RP wlaw1s Composition (Liliana Mogni, 2005);

(Shilova, Y.A., et al., 2002); (Veith, G. M., et al., 2002)

Measure
Sample Conductivity (S/cm) Condition
Temperature (°C)

Sr.Fe, ,Co,,0, 90.91 27 Air
Sr.Fe, 5,Co, 5,0, 17.95 27 Air
StFe, ,.Co, .0, 63.69 27 Air
Sr,FeCoO, 147.7 27 Air
Sr,Fe, ,,Co, ,50, 4.90 27 Air
Sr,Fe, ,,Co, 5,0, 11.95 27 Air
Sr,Fe,0, 28x10° 800 0, (1 atm)
Sr,Fe,  Ti, ,0, 1.1x10° 800 0, (1 atm)
St,Fe,0, 0.1-10 27 Air
Sr,FeNiO, 100 27 Air

MnAted1IUITededY Taq RP wlalinnuihaula@nunlTulgeamsti Tl 14
£ ' ' o ¢ v ¥ a v
U uanuIIMIdunsziiag RP iadesldgaungiige vaz ldnarlumswienuiu uag
S Y - A q9a Ay v @ o 7Y an
vuassdeslimsauauussemealumsmuive Tiinamandesms auiumsdunsizide73
' =2 A I v ' A A
anazneusmanasazatedsiianuiull1dnazsrvangungivazinarlumswm waziy

7714 Homogeneous 104a151/52n01

2.5 MSANHIAYRRNHIAT UV UHANIALINANA XANES
dmsunuIteiz@nyianudunussennuavoondasuved looowraniuaINg
i Il hvesda Gﬂﬂ gl4maiin XANES (X-ray absorption near edge structure)

251 HnADMIWUGIUVeINATIA XANES
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o a d a us.l} @ (%
(Electron binding energy : E,) Jazihldodnasewnamsdretuszaundsnu s1mséreves
ad Y Y qu @ qu J ' 19 ad qgj
sranasouluszaunaenudu K ludesuraud Fon1 K-edge energy tadotanasouludu
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1 4 Y
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~ 9 o [ Aad ] (] A A v adg 4
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(Jalilehvand, 2005)
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(Jalilehvand, 2005)
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waswsed@idnd () sgiiuTamugzUi 2.6

v AN
E=E#l0cV, XANES  NpxAFS, E=E,+ 1010 50 eV

20 el 1
- [ P
1 I I
: Hll | EXAFS, E=E,+ 50 to 1000 eV
1.5 1 II ]
1 [}
Y
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- Edge, E=E, '[! ! .
= Lo N‘ i | Multiple scattering
B Q
[ ! /
0 o \@
[ I
Pre-edge, E<E, |/ | : /
P e S 0\ -
11400 11500 11600 11700 11800 11900  Single scattering

Photon energy (eV)

A o " A v ad & o '
Eclh/] 2.6 Llﬁﬂ\iﬁ1llﬂu3ﬁﬂ‘]&|m$ﬂ15@'@ﬂauj\iﬁlﬂﬂcﬁﬂlﬂ\‘]ﬁ’ﬁ@g@ﬂ'm

(Jalilehvand, 2005)
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d

-edge 11 K,[Pt(CN),] (Jalilehvand, 2005) Sy 4 g dail
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A 1 A~ [ 1 1 A
2. XANES A9 drufilndinuegluyiveunisganaulszualaguinay

10eV (E=E+10eV)
3. Near edge x-ray absorption fine structure (NEXAFS) Ao druNInasu a3

v
NIVBUMIANAUAILA 10-50 eV (E = E;+10 D19 50 eV)
4. Extended x-ray absorption fine structure (EXAFS) Ao @IuNing. NIUg N
Y
YOUNTYANAUALA 50-1000 eV (E = E,+50 D9 1000 V)
] 1 a 1 4 a o
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(Jalilehvand, 2005)



26

252 M09 IWMIHIAVRBNTIATUUDI Fe laenatin XANES
=2 v o J a o 2+ 3+
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V94 Fe AINNdAaIU Fe’'/sFe = 0 — 1 (Berry et al., 2003)
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A o A 2 Y Y =2 A o A o ¥ A
(MAINTIVNUVYANUD) fl]Qﬂﬂﬂi%ﬂﬁﬂlWﬂﬂﬂLﬁ@ﬂWﬁﬂﬂ?U (Monochromator crystal) 11(?!34'51’0

v w ' Ay P} B Y = A 2 4 A 2, o 2 o A
memﬂmmwmqmﬂmm mmﬂ%waﬂmﬂwumm NI0 2 YU FIUIUNANAALADN

[ { v Ao a 4

WaﬂﬂiuﬁﬁﬂTﬁ‘ﬂﬂa@ﬂ Beamline 8 (BL-8) ﬁﬂTUH?%ﬂLLﬁQ%HIﬂﬁ@i@U (DINNITUNRIVU)

9 = 2 ~
I¥szuunan 2 Fu a1z 2.13

Bragg plane

White X-rays

Y

[ Fixed offset

N
>

i Crystal Monochromatic X-rays

= 9 =R o A [ a 1Y 9 Jd
g‘]J“I/I 2.13 M3 I FRaNAARDNNAINUNNLEITU IATATOU Aunin AAYFUITU, 2549)
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4 a J a 9/
WondiFu InsATOUANNIZNULUTZUNUNANAMYNIUSNN (Bragg angle) dZiNaMIaznou

uasoanilumndsnunmz ideansnungueIng (Brage’s law) faaunsi 2.12
nA = 2dsin(0,) (2.12)

JEHTUNTEHINTZUIUZADUME I UNA

o))}
o

A v A 4
AINYNIAAUVDITITLDNY

w® S o
D) DD 2D
()] o

[«)]

YUANNTZNUNTADINTZUIVVOINAN

o o da' 9 3 Y a
AMAVVDNMTLASIVU (n=1 ﬁﬂ”iﬁ‘]Jﬂﬁ{l“b'\ﬂu‘lJﬂﬁ)

=]

& =< 1 a A 1 1 v KX o Y v A v 1 1 v
FINANUAAZFUANTZIZTTHINTZUIVANNY [ g lumsaamonnasnu Iugeneny

AULAAIAIDINATNAT N 2.4

d‘ LY 1 = = d‘ XU [ A 1Y
A15197 2.4 LAAIAIDEINHAN LA ITHILVINANT 1F UM IARRDNNEIIY

a @ J
NNUAIEU IATATOU Aunin ﬂé}'IEJfﬁJﬁﬁﬂl, 2549)

WA (sgu) sumwﬁﬂ szez 2d (A) Gﬁ?ﬂWﬁQQTHﬁﬂﬁﬂTﬂﬂﬁﬁ%ﬁﬂu (eV)
InSb (111) 7.481 1830-7000
Si(111) 6.271 2180-8350
Ge (220) 4.001 3440-13000

2.5.3.3 Tonization chamber

v 1 = < o o 9

NASHIURANAAIDN WA SeTdnFazgnIannuuuaInon
@ ] o [l v =2 Y A A ' . . &£ g 1
HATHAINLQRIUAIDE19NABINITANYT A2891NT8I11587 91 lonization chamber a1l UN®
4] [ ] o 1 1 [
vssquna melunedsznoudrouduTangiir lad 2 uiunsvuuvirsdulszna 12
a 1 9 o J o A Av ad Ja A @ v ag o
wuawas aordny Tiihanuaedndge Wellssd@ondriunetl ndwnuves d@ondgoz i
4] { 1 1 % < as
TduRanussyegnielunenanda (lonization) eeniilu lossuin uazdanasou uazgnaa
. 4 Qﬂj’ o H 4 1 < o
Wneu Tanghdian Idfassduiu awgdi 2.14 uaziliedeginsai fauuunsuiees
[ 9J 9 a d‘ a LY (7 d! [
ansadaanuduuasldanndSnanszua ldihifannmsuandivewia snd uaz
o © Aq ¥ L. Y A v YR o =
ANAUYR N AN 15153901811 Tonization chamber ABAUADN IHIHZ AUAVFIINAINIUN

9 9 9
#9413 19 11N NAADIAE
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Current high voltage
meter source

X- ray transparent window

N

i
|r Photon beam AthQné lon
I ¥

' ] Gas % Electron i
2 I
Electrode

gﬂﬁ 2.14 ¥annN13M191UYD4 lonization chamber (University of Wuppertal, 2000)

2534 MSA8NAI0E19E1H5DTA XANES

o o o A v A v ad o 1 )

arednd iz ldnaaeumsganaus@onsuuunz griIuAD
A o I 1 oAa o v @ 1 A Y A
Nanvaziutrunlianunuidszuna 5-30 lulaswas dmsuatesniiumidoundons

I~ [ a 1 o % J . .
IdduuriuTasdsgnuaadlemilniiinndaqIna le'lud (Polyimide) 501n1 Kapton 350
A & 9 = v 9 J = dy
ou 9 Fedealianurun hidesnd 25 Tulaswas uaz lulimsduiousinezaonvoesia
9

A = o [ ' A d 9 = Jq 1 I A L4 o
NADINITIANH ﬁmimaesmwuJumeqmmmemqﬂnamimﬂuwmu LUAZDIABDININIT

LI~ Y] ' Y <Al
LL%LL‘UQ@YJ@EHQ[IWﬂgiuﬁﬂ’]uzﬂlﬂ\uﬂl\iﬂi’)u
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UNA 3

A UHUNMTIVY

d Al
3.1 ginsawazansniildlunisnaaes

4‘ A P FY = o ] a 'd ~
Lﬂi@QN@LLaSQﬂﬂimWGlGBGlUﬂTimiEJEJ@'I’JE’]EJN ARTIEHILAENATR LAY IUAIT 19N 3.1

3199 3.1 gilnsain1¥lumInaaes

gilnsal Awde HUU/3U
P Denver Instrument
LATOIU TC-254
Company

TNUA Milano -
Magnetic stirrer Fisher Scientific -
Hot plate PMC -
Particle size analyzer Cluter LS100Q
pH meter Sartorius Docu-pH Meter
Vacuum pump GAST DAA-V515A-ED
Transmission electron microscope (TEM) JEOL JEM 2010
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
Dilatometer Netzsch DIL 402EP
DC power supply Agilent E3620A
Multimeter (§115 ‘]JE’)'”I‘L!ﬂ'WQiuW{]ﬁ) Hewlett Packard HP 973A
Multimeter (§5USanua19AnE) Fluke 189
High resistance meter (& MSVIANTELE) Agilent 3458A
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Tag 1435 M Ies ouredieee 3 A5ulSeumeudu 1dun

ag . . YA 1 1
1. 9% Solid state reaction 1%¥98931 SS
2.

an . Sld' 1 1
3. 7% Citrate gel 1¥%¥08071 CG

ax 1 .. . YA 1 1
A5ANAZNOUTIY (Coprecipitation) 1¥%¥080731 CPT

A 9 z adn ~ o w
msadnlFlunsnaaseine 3 95 uaasluaswen 3.2 3.3 uag 3.4 muaay
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UAT1ZH 151520V Sr,Fe, MO, (M =W Mo Mn Co Ni)

A A Aq Y Y as . .
A13197 3.2 @15ANN 1 1UN1TNAaIA87T Solid state reaction
1 4
Uszanes Fomsf gasall | ANNUTENS Awae
2y Strontium carbonate SrCO, 99.9% Aldrich
GEPEINZRE
Ferric oxide Fe,0O, >98% Fluka
. . e Liquor
AINANAIIVY
NIUea C,H,0H 99.8% Distillery
UANTU
Organization
A A 9 Y as 1
AT NN 3.3 fﬂﬁLﬂMﬂi%iuﬂTiﬂﬂﬁ@ﬂﬂﬂﬂ’)‘ﬁﬁﬂﬂgﬂ’f)lﬁ')i]
1 4
Uszinnans Fonsn ARIGHY ANVUTANT | Anda
2y Strontium (II) nitrate St(NO,), 99.5% Kanto
AT U
Iron (ITI) nitrate enneahydrate | Fe(NO,),.9H,0 99% Kanto
A Y .
asnyeld Riedel-de
Ammonium carbonate (NH,),CO, -
ANASNDU Haén
A71azan8 | Deionized water H,0O




A A Aq Y 9 ax .
A1519% 3.4 @1sadNn 15 lumsnaaesnle7s Citrate gel
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. I
Usznnens Fomsn qaiail | dwaa
UTAND
Strontium (II) nitrate St(NO,), 99.5% Kanto
Iron (III) nitrate enneahydrate Fe(NO,),.9H,0 99% Kanto
Ammonium molybdate powder (NH,);Mo.0,, 81-83% | Ajax Fine
) 4H,0 chem
GRELAL Manganese (II) nitrate 4-hydrate | Mn(NO,),.4H,0 97% AnalaR
Ammonium (meta) tungstate H,\N.O,, W,, 99% Fluka
hydrate
Nickel (IT) nitrate hexahydrate Ni(NO,),.6H,0 99% Kanto
Cobalt (IT) nitrate hexahydrate Co(NO,),.6H,0 98% Panreac
Univar
MsiFemas
Citric acid CH,0,.H,0 99.7% AnalaR
(Fuel)
1211192010 | Deionized water H,0
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US1am3s 161 (mol%)

7+0

q03 IBMIINT B
W Mo Mn Co Ni
Sr,Fe,0,.5 SS CPT CG
SriFe, (W, ,0,.5 10 CG
Sr;Fe, ;W,,0,.5 20 CG
Sr;Fe, W, 0,5 30 CG
Sr;Fe ,W 0.5 40 CG
Sr;FeWO, 5 50 CG
Sr;Fe, Mo ,0,5 10 CG
Sr;Fe, Mo, 0,5 20 CG
Sr;Fe, Mo, O,.5 30 CG
Sr;Fe, ,Mo, 0,5 40 CG
Sr;FeMoO_ 50 CG
Sr;Fe, Mn,0, 5 10 CG
Sr;Fe, Mn 0,5 20 CG
Sr;Fe, ,Mn, O, 5 30 CG
Sr;Fe, ,Mn O, 5 40 CG
Sr;FeMnO, 4 50 CG
Sr;Fe, (Co,,0,,5 10 CG
Sr;Fe, (Co,,0,.5 20 CG
Sr;Fe, ,Co, 0,5 30 CG
Sr;Fe, ,Co, 0.5 40 CG
Sr;FeCoO,_ 50 CG
Sr;Fe, (Nij,0,.5 10 CG
Sr;Fe, [Nij,0,.5 20 CG
Sr,Fe, Ni;O,.5 30 CG
Sr;Fe ,Niy 0,5 40 CG
Sr,FeNiO 50 CG
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32 3AmInaasd

Y

= =~ = = t;’/’ ad A v an %
f‘ﬂiﬁﬂ‘ﬂnﬂiﬂ“ﬂmEJ“lJﬂ1§LG]§EJiJN\1m§ﬂ1ﬂ‘VN 3 95 YUYUABUUALITNITNADD LUTAAIAN

JUN 3.1 320033

msdsznoveanlsa

U4 Sr, Fe

!

v Y
FIHIHUNAINOAT 1IN

v

VAN Y -
ATNAOUVUINOYNIAAIY Particle Size
Analyzer
Y
DU - . d
j Ansiziguvgiimngaulums
] wnaa lasiang STA
4
Wuaa Tyl

)

a I v
AUATICHANHUSIRANIS

A3AVINNINVBINIOYNIARIY XRD

4

500 3.1 TuApUMTIASEURIBYNIA Sr,Fe, M O, . #1875 Solid state reaction

T+
1 g a’/‘ ax = [ dy
mﬂgﬂmmmumgﬂumumauuamﬁmima@ﬂﬂﬂazzeﬂﬂ PANU
321 MISIASENNIAIENT
= Y | 4 A . .
3.2.1.1 NN IBNHNINIDYNINIYIS Solid state reaction

2
PUADUNITIATOURIDUNIA Sr,Fe, M O 42873 Solid state reaction

7+8

A aw J 4 A A an <
neraelugii 3.1 luawideiiag 19¥ovesnmioynniinioua1e35 Solid state reaction 114

b

[V

9
“gA3IAL-SS” 15U Sr,Fe,0,..-SS TagaTueduasumsiason Idaei
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' Y [
1. Femnsasdudaansluaisg 3.2 amudadmnimualuusay
gATAINNTIN 3.5
o Y 1 A o [V a an a
2. s lude 1w ldvaauaniiininiag Indenauria
AUN UM UG (High density polyethylene : HDPE) Tagldgnuaniininegiiui uaz 1y
3 @ o I o 9 1 Y] 1
emusaiiudina vanaunwiunal 5 ¥1lus udrgualeds lnaaeuvuiaeynia
) 9 A a I A
3. heswanludoe 2. TdeuRiquugd 1200c 1T uar 1 Au
DI NIUDABDN
o ! o P a
4. hwandeldoadaeTnge nazir lhmunalaniNguvgil

Aa N ¥
NUAT1ZH 19910 STA

A Y
asazarwasiseney msnelianazneuy
lwasnuea sr, Fe (Precipitant)
| |
v
NANLAZANALNOU < o .
INUAIDHNATIVTDVUYUIA

Y

\J LAZANHAULOYNINAIY TEM

NI9AZAN
Y
DU - . -
| Ansedguugimmnzauly
\J m3una lyiidle STA
4

Waa Lol

)

AATIZHANHULIANE

G]i’)%ﬁﬂﬂi@]ﬂ?ﬂﬂlﬂﬂW\iﬂHﬂWﬂﬁ’m XRD

4

UM 3.2 TuaoUMIIATOURIOYNIA Sr,Fe, M O, AI75ANAZNOUT I

Qan

T+
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3212 MSIASENNIAI0ENINEIBANAZNBUIIN
v
TUADUNITIATUNHIDYNIA Sr,Fe, M O, A283FANAZNOUT I
A a o dy Shﬂ' A = 9 ad [
paadlugdn 3.2 Tunuideiiazldrvevoansoyniaaiondr895anaznous Iy

I = ] Aa QSJ‘ = Y o dy
(Coprecipitation) 1Wu “gasinu-CPT” t%¥U Sr;Fe,O, -CPT Tﬂt’laﬁm&mumumilmEm”lﬂmu

T+8
v Y Y [
1 Fuhrina1sasduaiuniie 3.3 audadiuisimualuue
v Y
azgaslua13199 35082111 11aza18Tu1i1 Deionized water 197 a1 1A udus w09

looouuanmnu 0.2 Iilﬁ”lﬁi

14
o 4

q'/ d‘ ] Y = 4

2. gadnunasnyleldanazneu usy Tudeunl1susIiua

J Yt v v 2 g o
((NH,),CO,) trazaza1s1u1i1 Deionized water 1THUAMMANIY 1.5 Tuans amiuiasazaie
Tduvunsunanudou (Hot plate) Snugavgi 137 70°C

3. veamsazane luasalude 1. asluasazarearsnegreln

9 9 < a aa =1 9 @ 9 1
anaznouluve 2 arennuiirlunisvien 4-5 Haaan /AN NI ouNUAITAIUAIGUNINIY
1 <
uutMan (Magnetic stirrer)
Qy Y . A a 0 1< =

4. muml3 (Aging) NYUNNN 70 C Auna 30 uin

5. QAAIBYNNATNBUNGY Aging Tiasrvapuvuiauazdnyue
oUNINA8 TEM

6. 1u1n35031a8199F Suction filtration 1asl¥nsza1¥NIT O

a 9 Y a d‘ Y <
nagda 0.2 luasou Mmidouivvmagda 1 luasou e ldawnsonsesoynavuain
YR { Y Y J L. o Y o Y 9
1AfEU 1azd19nznoUA101I1 Deionized water 4 AT LAZANATIZANIOAB1ONIUDA
) ~ a I~
7. hldeuudsigangil 120°C Wuan 1 fiu

8. murelduadieTnga naziirldwnaaleifgaugil

Aa N ¥
NUAT1ZH 19910 STA
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?ﬂiaSﬁWﬂﬁ"li‘]JigﬂE]UulumiﬂéU’ﬂ\i

Sr, Fe, W, Mn, Co, Ni llag

asszaounen Tuiisvsd Mo A1502AYNIAFATA

I |
v

¥ v
weruag IvanuIou

9 1
TR ER
[

v
J
uaa il

)

AATITHANYULIANE

AnTzHgamgiinuingeaulu

Y

d Y
MIuAa kyiiae STA

@ Y
{51i%%ﬁ‘flﬂ’;gmﬂﬁummﬂumﬂﬂ’w XRD

9

UM 3.3 YuapUMIIATIUHIBYNIA Sr,Fe, M O, . #1873 Citrate gel

Qat

T+d

3213 MSAENNINIBENINIEIT Citrate gel

Y
YUADUNTIATOURIDYNIA St,Fe,0,,  AI873 Citrate gel uaaalugil

7+8
=) 9

~ a o dy BJd' ~ an . I = 1
N33 Glu\'iTLJ’Ji]EJ’L!ﬁ]31%%@%93WQ@1§ﬂ1ﬂT]Lﬁiilllﬂ’)ﬂ’l‘ﬁ Citrate gel 1w “qasnu-CG” 1¥U

e

v A

Y
Sr,Fe,0,,.-CG TagaTunedunounsmsou lanil

7+5

Ce

v Y 1
1. gahmin ssdedulunisne 3.4 audaaiuluaisien 3.5

wazazaohni Deionized water

2 Fahmiiansadasn dminTuaiy 1.5 1 vearimin
Tuasawvosleseuanums hunsa uazazaionsa $asn 111 Deionized water

3. Wuemsazaensagasnaslumsazas luasalude 1. niew

Y v ' o3 g a
AUMINIURNANAUNINIUIHaNT U1 5 W
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) 1 ] < [
4. dwnamuuimaneen uazlianudeudvaisazareuu
] Y A L) = o Y I
HHUAINTOU (Hot plate) LNDISIHIAINIAZAIYDDN a9z I asazarenareiluna (Gel)
1 o A 3
5. Manwdoude ldaunsenuvasuunaazwoaiiuTvly
a 3
(Foam) 482220 anste 11318 18a 1104 (Self combustion 1139 Auto ignition) naneniluid (Ash)
o 1 o oA a
6. hwudlduadarelngswaziirldwunalesifguugi
Aa S Y
NAATIZH 14010 STA
322 MIATINARUANHUSININZVDINIAIDEN
3221 mswvinatazglsisveseyma
= A o 2 an . . Y, A
ﬁﬂywummgmﬂwmmﬁwﬂ@Emi Solid state reaction P13YLAT O
@ yJa [ dy
NATOUMINTZIBAveI0 YN A laelHITmMInadol Al
Y
1. ldvaeation (Dropper) @atitoyNIANAININUA
Y 1 v
2. viemieuMAIAToINAdeUULIAOYN AU IAAIAIINYUN
fMMUAvDIATOINATDL
3. Run 05000 ATILHMTNTLIOAIVDI01NIN
= [ d' [ o an 1
Anbrvuna wazgdinveseynaidunsiz i lngisanaznous
’a I 1 1
A18NADIANTIADIANATOULL DA OIAIU (Transmission electron microscope : TEM) Tag 14
FBMsnagon Al
I o
1. l¥vaenanea (Dropper) aanAznoU TAgIAUAZNOUNAIIIN
. < =
Aging 1111781 30 W
1 1 4
2. MUAATABUAIUULHY Grid NoduAIfndouAeA1s VoY

o

a L4
3. eulduiadnih lasednsed
ad' d U )
3222 mIavdevgamgiimmnzadlumswunalyineisona
a 4 aa 4 Y 1
asriaziguuginmuizanlumsmiuaa lainedied1g
{ o o @ 4 =
NFUATIZH IAKEI1IN0 VLT aE AI81ATBY Simultaneous thermal analyzer (STA) Tag 43513
% ds'
Ao ALl
1. ldnededraazarsniasgiv as ozgiu (ALO,) aslude
TdraA298149 (Crucible) N191NDLQIM
o a é A a 4
2. i ldasaedmaizilasden sz luguuy DTA/TGA
Tasnadoulurisgungiiiesdeguugil 1200°C Tuenialva 198as1ns Inavese s

U

100 Ha@ @03/ 1HALdAIIMINNUHYL 10°C/ U



42

3.2.23 f'n’iﬂi?ﬂﬁ@ﬂ’i{]ﬂ]ﬂ‘l@ﬂﬂﬁ?ﬁgﬂ1ﬂ

a Jw o VoA MY o o
G]i')i]i]lﬂﬁ']%ﬂ')gﬂ'lﬂﬂ]@ﬁW\W\'J’f]ﬂ'l\“l%ﬁ'\ilﬂi'l$1’ivlﬂ?ia\3m'lllﬂahl°]5u

k4 A Y] dy v A 4 . 9 I 1 o a
AIAT0IIANTIAYNUUVDISITOND (X-ray diffractometer, XRD) 19 Cu K 1 uttviasnnila
[ = === % dy
5399 Tl 2smMIsnaaoy aatl
1. lawsdredaslunseuldaneiied1s (Sample holder)
9) [ @ L] ~ 1 [ @ 1 Y
2. ldurunszannansdiedianoedlunsevuldnidiednalvizey
HAZOALUY
) a J 1 .
3. 1 ldasaadasie v lugae 20 = 20°-80° Step size = 0.02°

Time per step = 0.3 19 fnd I = 40 kv aszua il = 40 ma

o ¢
N\‘l'f]‘l;lﬂ?ﬂﬁﬁﬂlwlllﬂﬁ]l%u

o & y
CXTEITRTIN
o £ v 1w =
89U UUUNTIRUMIAUNANANI

!

=
WINUN

|

a v o v o
amiwwamgmzmwwuaza@ﬁumn15u1"lﬂﬁ1

A329a013ANAAIY XRD

asva0u InTaad199amadle SEM

— AI99A0LLATRDNTIATUATE XANES

o

—1 daA1nsin AN Ngounn R 100-800°CAYEAS Four-probe

o o A P o Aa o Ao
| Qmﬁ’]ﬂqﬁ‘ﬂﬂ’]ﬂm{]l.u@\?“]qﬂﬂqqﬂiﬂum@\iqﬁﬂwmﬂqﬂ’]?uﬁli‘wqﬂ’]m@

Y
%

A dg’ =3 a 4 a1
Eﬂ‘ﬂ 3.4 mumumimu;ﬂ INTNUNLAZAUATIEUTUUANN
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323 msvugd
3231 m3vuziflaamsdauiia (Dry press)
) {1 4 o ] .
Wmseyniairunswaa ledude udrussyluminu (Die)

9 ]
=] 2 A o

Stainless steel 11a2111M56ATUTUABIAT096A laasean (Hydraulic press) Taglinyuriia

u

4 a

[ ng I ] 1 a o 1% Qy { o
aﬂ%mmmuuwuﬂammmﬁ’umuquaﬂma 15 Taamas dmsuruanu neziildasrvesw
9 9 ] Aa o Qy I VoA = Y Aa a
Tnsads199an1a vag lduinuuriadasuanduuna@vasyunaniig 6.5 Jaamas 817
a A ) [ Qy ~ o Y] 1 [ d‘ 9 [ [ o
30 Haawas SmsusuanuneziiliSaaimsveredaiiosninanusou uaziaansii v
Tagldusedulunsda 50 MPa taz1a 1AL 10 U9
3232 M3BUIUIDUNSIAWMDUNNAANA (Cold isostatic press, CIP)

) Qa/ Ay v dg’ v Y v 4?’ 4 A
u’lslfu\‘l'lu‘ﬂ]lﬂfl]’lﬂﬂ’lfl'euuzﬂiﬂﬂﬂ'liﬂﬂllﬂﬁ ll’l@ﬂ"lluﬁﬂﬂ')fl!ﬂi@ﬂ

4 A 1 <3 @ Qy % ' o o [ @ dy
CIP iiveiminaNuriutaza s i fusuau Taowioudiednd msumson Al
o Qy A o dg’ @ Y 9y
1 druanundiumssavugllasnsdaunelude 3.2.3.1

" Yy o A o q Y2 P A
UIVONUAYIYTINDUINY lW@ﬂ@\?ﬂullll(lﬂ(’]fuQqugﬂﬂulﬂﬂu%’lﬂﬂl@\uwajﬂ@gﬂ']ﬂﬁlu

MFULANUAUVDUATOI CIP
) 2}
2. 1dinFeily (Vacuum pump) aaeinisesn 1¥nielugaeis
v 4 o o o o
suwoilugyanme edlosnumsuanuesgueveusivuns 185 uus o
Y [l
3. ihdaedelude 2. ldsatiugddaenies CIp Tasldus s
Tumsoa 200 MPa 1aZ1I0199LL% 5 1IN
324  MSNHD (Sintering)
4 v 4
MFUNUNAIUNMITUUE19nTOANUDUTIAUMINUNNAANIG W URIETIN
[ 0 2 v v
iomuaNuruiuldFuau Tagm lueinmanguugi 1220°C redas1mMsinngungl
4°C/UNN Lz R 2 %2 Tug
325 M3A50a0UIAIE3199aMAVBIT U
= o 9 LY [} A =] 2 4
ANYIANYAY INTIATINNIAVOIAI0IINNAIUNITIHINLN AIINED I
/o o . o

ANTIAUDLANATOULUVUABINT 1A (Scanning electron microscope : SEM) Tael¥iunou

(% dy
Tumsnagoy Al

o [ Qy a <3 o Qy
1. 1A5ENAI06NNINTUNUFHANANaNUUY TAgNsHAFUIIUATNUIN
o w [ 9 a T A @ [ 9 4
2. 11A2961991099 1. MIAAAILULNUAAAIDE1 (Stub) AdemMa1Tuou

9
@ o w [l a 1 v d o w J
%'lﬂHu%QuWﬂ'J’f)‘c’JNUl‘]JGI'i’J%'JLﬂi"Igﬁ Iﬂ‘c’]nlclaf}ﬂ'l'mﬁ'l\‘lﬁﬂt’l 20 kV n1agveg 3000 - 10000 11
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32,6 msIammainldih
= 1 o [} 1 [ =< Y ad .
Anwrainsi llihvesdredrandaminiin @289% DC 4-point measurement
Y 9
Tagldvuaoulumsnaaeu fail
Q" J { { 1 4 I QBJ}
1 Wsuavmuounsdaey Tae ludealdnesnuieduas Tudh
Y k4 v v
2. APUUANTNAAYOIFUNIU (WU A =ax b lugdil 3.5)
Y [l
3. ihdunuiuaanulaealaunaniuNeg U IUINAI0813 (Sample
o Ao g o 1 [ T 1 {
holder) Tagiiuadaunaniiudlu 4 durua uazdaszezszninagng u (szey L 1ugili 3.5)

4. Tdguedrearandendaegrad 1 lumine (Tube furnace) Tae ¥

a3

@ Y

aesadraunaniiudndususoninuenilareneveaual e l¥lun1ino1923
] a v oA 9 4! Y o d' 1 [
5. @ola19a2auNaNnnuUDNAIUNTUVINVIATOIDIENAIIIUNTLUTATI
v aa J . [ A
(DC Power supply) Haziadines (Multimeter) 11114399501031/9 3.5
' ) Y
6. 11lat09 DC Power supply tiodendsaunszanseIvnusuay Tay
1¥a s eu 1.5 v
Y 9 @ ay 9 Y] A a A o 1
7. TanudsunuFuaiulue a1edasinsmngurgl 4°C/1h Jaa

a

1 [ 4 1 Y =3
AIIUAIIANY (Voltage,v)uazﬂmizua"l‘vh?h (Current, D 91N QUUHUNDIIUD

UKL 800°C NN ) 5°C

8. wuaziim A L V uaz I mdnnanaimsi i ewaunmsi G.1)

o=IxL/(VxA) (3.1

&
=
a
2
@

' o = ] I -
Az i (Conductivity) ey Siemens/Centimeter (S.cm )

Aszua Tl (Current) Inaeily Ampere (A)

—
o))}
o

1 1 z { 9Y o 1 [ 4 1 a o
5288195219 N1FTan1ua19An g (5zazixmnmmmamuu@im

o
o))}
o

= 1 [~ a
Iruadu wuaag (cm)

1 v J =\ ] I~
0 ANUANANY (Voltage) NruetIU Volt (V)

' v
=} Y o a

dy = ] <3| a 2
2 NWUNHUINAVDIFTUIY (Area) ey as1auamag (cm’)



45

DC
Power Supply

v
%4

b Tunaaeu AAMIMNANAUY

d' 1 d' (Y] 1 o .
g‘]J‘VI 3.5 m3aelsiiedanimsih wihuuy pe 4-point measurement

327 MSASINAOLIAVRDNTIATHUBY Fe
A319A0VIAVDONFIATUVDY Fe A8INANA XANES (X-ray Absorption Near
Edge Spectroscopy) Nd11NA009 Beamline 8 (BL-8) ¥99a010UIT0UAIFU IATATOULKIHIA
4 I [ dy
(@9AN5uHwY) laglydIinisnaaen aall
1. @ami Kapton aquuumsunaradn
[ Y 1 A 9 QSI @ =< Y [} ]
2. lamedednan laanmsuaruanrurdausmadnudlaslureavo sy
{3 Y { ] ] A 1 °
vumlaundun vazl¥duuvesitoudnaisinasnidlrosnsliaavumilegainane
3. 14 Kapton Tarindredraldniined lusosveumrmsy
o a L4 A v oAad 4 ] .. A 3
m”lﬂmamms1:14mi@ﬂﬂamqmaﬂcmmumqmu (Transmission mode) N¥U K (K-edge
I o o 4
absorption) Y04 Fe 10814 Ge(220) Double-crystal tunanfadonndaa1u 14 Fe-foil todow
o I ) Y] a @

Meundeau uaz 14 Feso, ag Fe,0, Huasunsgud1miud199anasaiuved Fe™ uay
3+ o w o o A v o ad o ' 1% A | 1
Fe'" mua1a 110153an159AnausIdons luganaaaIn 7100-7220 eV (1109910 u%9

o { o a ad o <
waan U iinanséevediannseudu K ¥e402AoNIan) Step size = 0.25 eV Time per
Aa =
step=1UMN
32.8  N13AIADUMINIVENYNNLBIDINANNT DU
4 )
Fadudseansnsve1sa1i0991AAIINS O UVBIAIDINIINAUNIHTIN
9 A . Y o ] a VA A ) [ 1 % ]
#781304 Dilatometer 1o l¥dr0g19iaunadmasuii ldSaainsversarlueinma Tusia

guUHNIeINNgUMYil 1000°C AIedATIMINUUHAN 3°C/AUd

q QU q



v

UN 4

a q
WNAN1INEIAvASIVIIUNA

~ Y (Y d
41 msanuulsaumeuIsnminzanlumsdunazy Sr,Fe,0,,,

=2 = ~ (% 4 9 ad . . an
TagansnlTsutneun1sauasizy Sr,Fe,0,,s A1837T Solid state reaction 15

ETY

a

[} a . A aaa @ 99 ¥ a = Y 9
ANAZNDUTINLLDSID Citrate gel LW?J‘I’i'I’J‘ﬁ‘I/IﬁHJﬁﬂﬁ'x‘l!ﬂi1$1’ii’ﬂlﬂmwmﬂEJ’JIIQI@]EJGI,%QmWﬂiJ

U

4 1o A
Gl,uﬂTﬁLWWLLﬂﬂllG])’uLLﬁ%L’JﬁWﬂﬁLNWLWﬁTﬁQ’ﬂ

[ d a
411  M3FUALY Sr,Fe,0,,; 0835 Solid state reaction

°o . w o @ Yy a . . v A
ASUMIANYINTAUATIZH SryFe,0,.; #2875 Solid state reaction 19%0 80

T+d

< ae A Aq o & =
1111 Sr,Fe,0...-SS Tasa1uddetinrugurainlglumsvananiuia 5 52 Ty uazAny

7+8
mmzaungiiningaulumamuaa lsfiielfinamlades TaslFiaum ol lu
IEEALRGHINE
4111 MPIRsHvINaeyMa
mﬂwa‘im3wﬁmsﬂizfnmﬁwmaumﬂmmmiwﬁm‘%«?fu Ao
aasouFoumsven uazlesoou (1) vonlud nasnnuanauidlenunar s ¥1Tualas
Waanaraiueniuea uaasmug il 4.1 wuihimsnsznediveseymandsaiuuuy
seafandegluane 3 - 25 Tulasmas vinaeynaTasmaslszina 8 lulnsmas T3
MINTZNIBOUMAMIAY 50%
4112 MmmnriBanuieu
w’cﬁmﬁwﬁﬂmﬂéauuﬂmqmwgﬁuazﬁmﬁﬂiwﬂmwwmm

A v 1 b
PYN1A Sr,Fe,0,..-SS NAUALAZdUUR AT ULAAIA N UN 4.2 WoIulogungiigediu

748~

Y 0 v Y
WniinveIRsoNIAITARAIIUNTENIgUMglszam 800°C hwiinvonsoynInlaanas

1 <3 = a 3 o =< A ~ ] = A
efmmmiaﬂum’qmwguﬂizmm 1050°C L!TVT‘L!ﬂﬂl@\‘]W\i’f)‘lgflWﬂﬁ]ﬂlﬁﬂﬂﬂﬂllﬁgqﬂaﬂﬁﬁﬂﬂ o

v
a =

#nsannsmsilasunlasgungiizsn 800-1050°C wulnanlfnseaanuiou uazi

a 1 = 1 = t:' a a dzl =S % 09/'
UNHUGINIT 1050°C IUDN 1200°C W‘U’Nul‘llllﬂ"lilﬂﬁﬂullﬂa\i’qmﬁﬁilﬁlﬂ ) NAVUDN ANUU

£l QU QU

Aa Aaan [ ég 9 A Y = A éy [ a I 9
fnilﬂﬂﬂaﬂﬁ81531’7'}1\1@’159\1@ulu@ﬂﬂ’]ﬂﬂ?’]uﬁ@u%ﬂlﬁuﬁ\?llﬁ@‘ﬂ!ﬁ{]ﬂ 800°C ﬁJ‘HﬁuvhJ



10 - B 4100

60

% Volume

40

20

uey) JoUIy dAR[AWN)Y,

0 5 10 15 20 25 30

Particle size (micron)

] 9 ]
51 4.1 udaswa PSD vesasasdunaUaRau 1Fduns 121 Sr,Fe,0,.,-SS

05— 4
[ Total weight loss 24.7%
100 |
i 3
95 |
L —
S g
S 90T , B
= - S
= i £
5 I
=z 85| o
f | §
80 a
[ o
L o
75 [
K 40
707 L L L | L L L | L L L | L L L | L L L | L L
0 200 400 600 800 1000 1200
Temperature (OC)

=

Y [
U7 4.2 ugaswa DTA/TG vesasadun 19 uns1zH St Fe,0,.,-SS oy



48

{ ' 3’ o 09.: v < {0
iﬂﬂqﬁjﬂﬁ 4.2 W‘]J’Huﬂ’iuﬂm@ﬂﬁ'li@]ﬂg]}uﬁﬂﬁﬂﬂ‘(’H\iﬁ’Jﬂ!i’Jﬁ"h"J\“l
a &£ a A YA 3 9 = J

uUNHU 700-950°C ¥IDFUYAINTNUNITN 4.1 Vl,ﬂ'JWLNE]Z‘TW?GNIG]uﬁ@]i@umifJiJﬂWi‘U@Luﬁ 3 IiJﬁ
o Aaaa A 9 @ 4 4 a I = 4
‘VITIJj‘]ﬂiEﬂ Luﬂ\‘iﬁ]1ﬂﬂ’ﬂﬂJifJUﬂUll’E)iﬁ)fJu (I ﬁ)f]ﬂ]lclfﬂ 1 IiJﬁ mmﬂuamauw&m%mau

e o 4 s 4 o a
’E'J’E]ﬂhl‘;]iﬂ 1111%1 LLﬁ%ﬂW“ﬁﬂWiU@ullﬂﬂﬂﬂulcﬁﬂ 3 Iilﬁ F3910N15ATUIUYT U CO,
~ [ Y J a J g' o A [ 1T W
‘VI’I’HEJUl‘IJ NN 21.91% LW]ﬁ]1ﬂﬂ13']!,ﬂﬁ1$Wu1ﬂuﬂﬂﬁ18vlﬂﬁﬁﬁlw11ﬂﬂ TGA nU 24.73%
d! 1 LY 3 dy d' a Q( oa/' 9 d‘ 1R dy
HAUNNANWNOU 2.82% ‘1/]\‘11!f]1%!;1«!@\1%1%1ﬂﬂ’313J‘]Jiq%‘ﬁﬂlﬂﬂﬁ1i@l\‘]@]uﬂllhEN 100% tiagnNUBU

H A
Tuussemengngadn T Tuasasdu

3 SrCO,(s) + Fe,0,(s) # Sr,Fe,0,(s) + 3 CO,(g) 4.1
3147.63 ) + (159.699) —BD—> (47055 ) + 3(44 g) 42)

Us1na co, el i [344 9] x 100/ {[3(147.63 &)] + (159.69 )} = 21.91%
2 g g g

aa =

9y o Iy a 9 a
1nveyans 1 DTA/TG i lW311lgnaTeniiesninaiuseuna

[
a

] a L o = a aan
Tugegangil 800-1050°C Msuaa lyudsimsmusngurginnal §ise1 nazdny

]

@ 4 1 v a
-SS waamuma%ué’fm XRD LLG]ia]}'lwaﬂ'liﬁﬂ‘lel'lW“U’ﬂﬂ'liLﬂ@W\lﬁeUﬁN

2
~

93 1 I3 A a 4 awv
-ss a ldauysainszmuguugiluniswuaa lol TasauitetazfAnyinism

1) 71AVON Sr,Fe,0,.

Sr,Fe,O

T+

una lanilugregavgil 1100-1300°C
4113  Tgmavesmsnaamsmmnaalaii

@ J
ﬂ’]iﬁﬂﬂ’ngﬂ’]ﬂﬁ?ﬂ XRD Vo4 1SHAY §ATOUITUNAITUDIUA LA

a

Tosoou (1) ponlad vasmswinaa lainguygil 1100-1300°C iuna 2 ¥ Tus uaaslu

QU

A Y9 Y I 1 Aaan A 9 Qy A a
sUN 4.3 uyUayavd1n DTA/TG Lmﬂﬂﬁmu’nﬂgﬂimmm%1ﬂﬂ31uiau%ﬁuq¢1mqmwﬂuﬁ

Y Y u U

1 1A o a v 1T Aa 1
171 1050°C uiiiotruaalaafigungil 1100°C wud luammiziave srFe,0, uaae
wununalaues Srkeo, lzusgdie dandasdiamiowiueaondu (+) Tugilil 4.3 ey

a J I 1 3o T Aa
gaurgiruaa laditlu 1200°C iavo s SrFeo, g8 lilualaves srFe,0, N limala
= o 1o A Ay o Y "o Y A
@ laganysal uadenadiiiai liansodwunldilzluegauansdinniosninegnasa

A A A 1A o 2 v o
(W uaztlonaaoumiuaa ladigungil 1300°C WU uAWaaNBUZIASIRUAUN 1T A

A a A o ' a = 1o AA An o
unalyangavgil 1200°C Av d1limamai@erves Sr,Fe,0, uadenaiifiad luawisaswun
1adzalueg uaziiionlsouieulSua nazanugevesiini biswsodwun ldngumngi

a 1

J J <A v 09/’ v v
1300°C ﬁi]giﬂﬂﬂ’HﬂWSLWHLﬂﬁllcﬁﬂﬁ’qm‘l’iﬂﬂ 1200°C 24NN ANUUITNNANTINAADIAINGAT]

U



49

E4

aa ) o 4 ) o { a
gungiiminzaud s umawiuaa lea SrFe,0,-SS  dmiuaunaaosiifoiguugi

Q

1200°C

2000

1500 i

tlooor P 7
V

500

Intensity (Cps)

*

AR,
h * 1100(:

Sr.F 045-0398)1
‘ N I g 612(?7( )

|

20 30 40 50 60 70

v Y [
U7 4.3 waaawa XRD vesmsasdui 1§ lunsduns g srFe,0,,-SS

a

vaanuna laifgangd 1100-1300°C e 2 $2Tua

QU

[

) 4 { a
SMMsuMINeavUNILAR e AN Sr,Fe,0,,4-SS ‘ﬁqquu 1200°C
l ] qﬂjl ,3 "o a S A 9 Q‘ ] Y tg
‘W‘U:nnaflumsmeuumu@gﬂuﬂimmmi WINTUUSTUIUNNADUN LA NN LY TR U LAY
Y o J & ' S A g oyyw A
HazdoIi1MIVALALIHIE F9019u10N1 1 AT e 14 Idileaenvea Sr,Fe,0,,5-SS
A o dg’ ~ = [ 9 ~ 9 [
N¥ALIUVY g‘]Jin 4.4 ULAAINAANE1INNIANAIY XRD Y04 Sr,Fe,0,,5-SS Alandrnnmsmina
J :j ~ a I ) £ Y A A o ] ~
"lmummqmwgn 1200°C 1D u1a1528 17962 T saldManiiaasaduduiia
Y 4?’ 1 1T v A d' [ Y] 9
YD1 Sr,Fe,0, (JCPDS No.045-0398) Fatauunvy ugwuNdaiaduilziluagaauaadie
4 (9 1 [ 4 A, o a
INTINUIIADAIU (*) HAANNMITIAUATIEN AT Sr,Fe,0, 5 #1875 Solid state reaction 11910
~ 9 o A Y o S Y o = A o
maded 1de1n NationadinananmsnaudiursIasaaduda liane NIDVUIADUMANAY
3 9 = = 1A = o Y a aaa d‘ 9
VAVDIAITAIAUIAvazden laueane ﬁ]wﬂwmimﬂﬂgﬂi&luuawmmmi@u

[ ] 4
d9 I eruysol



50

1000 1

* = secound phase |

8001 ]

2 600" ]

8 L 4

> N ]

Z I 1200 C 17 hr]

& 400r i
L L
g ]

200 WM .

I | Sr,Fe, 0, (045-0398)]

0 | | 1 L1
20 30 40 50 60 70
2 Theta

Y

51/ 4.4 uAAIWA XRD V04 Sr,Fe,0,,,-SS naammnaa lanidn

figaingil 1200°C Wunansw 17 2 Tus

A v d

412  NIANFUAIIZHAEITANAZNOUIIN
o [ [ 4 aa [
A MTUNITANYINITFIUATIZH SrFe,0,,A21835N15ANATNBUTIY
4 1 I
(Coprecipitation) I¥%odoiily Sr,Fe,0,,s-CPT

4121 aNHUIVBINSANAZNOU

9
A o

Jeuaauladn

a

o [ [ 4 a ]
fmsumsduaizraleisanaznousiuluaul
a [} 4 Aa o
A15N13d91A312 1 Sr- and Mg-doped LaGaO, 1143113389949 Nam, S C., et al., 2007 1agn13
by .. < @ it
azaneasisznou luwmsadio1i1 Deionized water 1 Ha MU uT T U 0.2 Tuans 2103y
A v - ¢ vy L Vo Y v
azanga1snielvanaznouuey Tutloun1TUDILe 92811 Deionized water 1M UA LYY
4 Yas ] Y A A
1.5 Tuas vazliisanazneulasmaneaaisazars luainaslumssirelianaznouniinis
a 1 A ) z (7 y A Y o
nIuAReAnal TaeniuaNgurgisznINeamsazae luasan 70°C aniuiin e 1
aaa P dgl I ~ 1 v Y [
Unse Tagaruysalaavidlumal 30 1 TagsenIeinasInIuagaaoaan
INNTTUNATNHUZUDINITAZA18 uazIan1 pH voId15a2a1Y

1 a A @ 4 as 1 @ {
uaazatian 1 lumsdunsznas SrFe,0,.AITANAZNOUTIN LAAIHARIA1T 19N 4.1



51

{ v U {q ¥ o L4
M7 4.1 dn¥alz LAzl pH vesasaza1eN 15 umsduns ey Sr,Fe,0,,;

87T anaznouI
9y 9 [
4 . ANUTVNIY | anHME
szinnans ¥oa13 BTG ., pH
(Tyas) a@15avany
VDY)
Strontium (II) nitrate St(NO,), 0.12 14 o ~59
Ter'lunia
Y
MIfIdu VD IUNAD
Iron (III) nitrate -
Fe(NO,),.9H,0 0.08 auag ~13
enneahydrate -
VGRN
15979 Ammonium YDUNAN
(NH,),CO, 1.5 .| ~809
ANAZNOU carbonate la'lusia

iwenauarsazate luasadndrenu udveaasluaissaroln

~ 4 Aq Y 9 =3 a 0 qgj J A w Y J
ﬁﬂ@]%ﬂ@uuﬁmih!ufJiJﬂﬁ‘]J?JLLlG] m“lwmmaamumqmwgu 70 C 4un1 pH mﬂ”lﬂcl,ugmaz
v

Y [ { o 3 o { ' J
GU‘HG]i’]ullﬁgﬁﬂ]&lmzﬁﬂl@\iﬁgﬂ@uﬁﬁﬂlﬂﬁlﬂu LLﬁﬂ\?ﬂ\W]’li’Nﬁ 4.2 NUIN @15 NYNTUTIEHIN

=S = =) % = d’
aasowren luasa uaz lesouluasanowiio latasanannaznounuiiioneaaslu

a

=} J = 0
miazmmaﬂmuﬂnmiuaqummm 70 C

U



52

{ v 1 { a9 { v
GﬂiNﬁ 4.2 anyae Lagn1 pH eummiaza1&1ﬁqmwgnwamazﬁ 70°C aNHULVDIALNDU

{ o Y A ] s Yy 9 P
aduna lais 1¥asazarsuen Tuiisuasustuaanududy 1.5 Tuans

I~ d' ] Y d‘ =
Wuansneglianazneu iemsey Sr,Fe,0,,;-CPT
s pH 71 L. | onuazues | AnbaLved
TUnOU . pH 1 70°C
QUNNNND a@15avaney ATNDU
9 = 1A
1. wanasazate luasan vounadd | hifa
Y [ ~ 18 - A
AeNUY UAUNAD | AZNOU
2. @15BIUANATNOU vounadrla | lufa
L ~8.9 ~8.4 L
wou TuHleuAsUDLIULA Tunia ATNDU
3. neaesazae luminaslu ISuNA
asazateuen Tuiiey - ~83 - ANOUD
4 9 v A
AMTUDLUA UAANNUN
o 9)d' a o I a
4. %n ANgamgil 70°C ifhunan NANZNOU
=1 - ~ 81 - = Y
30 4N GAGRGEY

1NA1T19N 4.2 WU LHBHANAITALA IMIATAVDITATOULN 8L

@ = I 4
uax'lmauvfﬁﬁ’amu wuNdgamiunse Ll’ﬁgLﬁ@‘l’i&lﬂﬁ’fﬁﬂ%ﬁmulw;ﬁiﬁ"llﬂﬁﬁ@]ﬁﬂul%ﬁlmm%
~ 4 A I~ 1 Qa: 1T A =\ v
Vlﬁ)i@uﬁNGlu?ﬂﬁﬁ%’mﬂl!@llIiJL‘HElllﬂﬁ‘]JfJLquilf;’fﬂ1WL1J1!@N‘L!'L!‘WU?WLﬂﬂﬂﬂ@]%ﬂﬂuﬁLlﬂﬁﬁM

%

A A A Y o Yq ¥ a aaa s 9
ﬂuﬂ‘ﬂﬁﬂﬂﬁ\ihlﬂ UAZINDVYATITASAUNADIUTIUA LLﬁ’JWﬂll’JGlWl,ﬂﬂ‘l]{]ﬂiﬂWIﬂﬂﬁﬂJyjﬁﬂ!LLﬁﬂ
1% 1 1A [ J :JI o
%Q?ﬂﬂ? pH eummiazmawmmammﬂumﬁ VINUUUINADANYANIAAASNDUNIAAIUU
I a A o = o 1 Ay Yy o =

fﬂﬁ‘U’OuﬂiﬂLW’OUTll‘]_IﬁﬂB'lﬁﬂ‘l:lﬂlgg‘]_]i'lﬂllazsllu']ﬂsll’f)ﬂﬂ%ﬂ@u%Ulﬂﬂ’w TEM 210U UIINTON

Y o Yy 9
mﬂeu@aﬂwmuamﬂﬂ@ﬂmmq

4122  jUsnrwmazvinavessymn

1 o 4

ﬂ1§ﬁﬂ'191§,‘ﬂ5TQLLE“ISGU‘LH@]@HE’ITﬂﬂlﬂﬁﬁgﬂﬂuinﬂﬂ"liﬁ\i!ﬂi?gﬁ

v @ 9 ~ 9y Y a3 ' ]
Sr,Fe,0,.-CPT #aain 13 30 il TaggarendesganssamioanasounuudoInIu (TEM)

T+
& 1 A o k4 Y] A
cmgﬂinuazeummmmﬂau‘wmm@‘lﬂ Llﬁﬂﬂﬂ\iz‘ﬂ‘ﬂ 45-4.6
= I Vg
iﬂﬂ?}‘]J‘VI 4.5 i]&'ﬂuﬁ]'l@]gﬂﬂu‘ﬂllﬂiﬂﬂﬂ'li?iﬂ@ﬁ1§ﬁ8ﬁ181um§ﬁ%®\1
oa.;l 9 = =~ J A o IS
TITANAUTATOULYIY Lmz"l,aiauaﬂumiazawuaﬂmuﬂumiumumaﬂyngﬂuaumﬂ
<3 @ 1< 19 A A o w 1w 1 =\ 1 A
ﬂjmmammzﬂmﬂuﬂ’quﬂau UAZIUBINUNIANUVYY ‘W“]J’Nﬁﬂ‘Hﬂl%gﬂ‘iNﬂl@ﬁGl%ﬂﬂuﬂJgﬂ‘iN‘ﬂ

] ] = o d‘
"lml,uuau wazduuadszana 20 w1 luwas Llﬁﬂ\iﬂ\izﬂ‘ﬂ 4.6



ﬂﬁ 4.5 9NN TEM (fﬂﬁﬂ"\]fﬂﬂ 50000 L‘Vﬂ) LlﬁﬂQiﬂi?\illa”ﬂ]u1ﬂ®uﬂ1ﬂﬂ]®\m nou

ﬁ]lg]}"lnﬂfﬂi‘Viﬂﬂﬁﬁﬁ%ﬂ18I‘Nﬁllizﬁ’hﬂﬁ@]iﬂﬂlﬁﬂuqumiﬂ uaz”laiau

4 a
TuasaaslumsazaeuenTuiisumsvouaigumgil 70°C

ﬂﬁ 4.6 71NN TEM (mawma 120000 n/n) !Lﬁﬂﬁﬂﬁ']ﬂLl,a“"’llu’lﬂ’e)uﬂ'lﬂ"llﬂi@]“ﬂ@u
A Y 1 ~
w"lﬂmﬂmiwEmmiazmawﬁmzmwﬁmaumﬂullumm Lm%l’lﬂi@u

4 { a
luesaaslumsazasuonTuiionnsvouagamngil 70°C



54

a da
4.1.2.3 ﬂ1‘§3!ﬂ51$1‘i!‘“\‘1ﬂ'313~l%@“
a 4 A a 1 A 9
wmmﬂwmﬂﬂaﬂuu‘ﬂmqquu ﬁgﬁ’JTQLNTﬂJ@Q@]SﬂﬂuVﬂﬂ%Wﬂ
MIHIAFITASANINETN TEHIN ﬁ@lamﬁﬂu"lumm ﬁ}‘]_lll'ﬂi’l’]uulumﬁ@]uﬂulﬁﬂllﬁmﬁﬁﬁﬁﬁlu

~ s A o 7 A yA 1 &
miazmﬂuaﬂmuﬂumﬁuamﬂ INDAIATIEN Sr3F620 ma“lwaamﬂu Sr3F620 -CPT

7+0 748

waaInagln 4.7 wuinlgnseunangungiissuia 300°C Hag 1000°C HazNYMIHYUFIN

U q U QU

1 Aaan 4‘ Y a d?
1100°C llﬂJ“IN“LITJ;]ﬂiﬂ']mmeﬂﬂ’JﬂJiﬂulﬂWllu

05— 4
100 , Total weight loss 27.4%
13 g
95 | | 8
o
_— |2
i:/ 90 - 2 5
= i 1 o
.o0 =N
2 85 | &
[ 1 2
80 ] e
o’
70 Lo ]
0 200 400 600 %00 1000 1200
Temperature ( C)

A Ay v @ o
E“]J‘V] 4.7 ugedWa DTA/TG GU'E'J\WIZﬂﬂuﬂllﬂi]'lﬂﬂ'liﬁ'\uﬂﬁ'lgw

St,Fe,0,,s-CPT Had0y

(Y] (Y] d
4.1.2.4 ’Jg_]cﬂ'lﬂsllE]Qﬁ]iﬁﬁ\‘iﬂ]ﬁ!w']!!ﬂaul“lﬂl

P = @ F4 Ay ¥
E‘]_h/l 4.8 HEAINAANHIINNIAAIY XRD "’Uf]\‘]@gﬂ’ﬂu%llﬂ%']ﬂﬂ'ﬁ

a

s-CPT ndamswnunaa laningamgil 1100-1200°C iunan 2 43 Tus wui

U

[ o
dUAIILH Sr,Fe,0
iewnfiginil 1100°C 9284 liiaaveq Sr,Fe,0,,; uAIENUIUAANAYDY StFeO, AL

4 Y] VA o a RS
ArunTerHIeaNIY (%) ualowuaa laiNgungl 1200°C wuIudaaves SrFe,0,.

1
v v 1

FANNANTINUNU JCPDS No. 045-0398 DE19FAIU



55

2000
I * = SrFeQ |
L 3]
1500 - ;
2 i 1200c
2 I
8 L
> 1000 - JJ
@ L i LL
Q
g i
500 - . 1100 c—
I . ]
I \ Sr Fe O (045-0398)]
0 | Lol 3.2 17 L
20 30 40 50 60 70
2Theta

‘]_]ﬁ 4.8 LN XRD U93UDIAY ﬂﬂu‘ﬂhlﬂﬁnﬂﬂﬁﬂﬂﬂﬁﬁa LANYNANTZHIN
= =
ﬁmaumaﬂumm uaz"1@'i@u"lummaﬂumﬁazmmmuimufm

a

J [ oA 3| o
ﬂ'ﬁU@lu@flﬁa\uwnlﬂaqcﬁuﬂqmﬂﬂu 1100-1200°C Wunai 2 GB?TNQ

Y

v

A A o o 4
1NWA XRD 1u§ﬂw 4.8 Qmﬁ{]ﬂ‘i/llﬁNW%ﬁiJﬁ”lWﬁ‘ULNHLﬂﬁUl“BH

A = 9 1 = 9y as ' 9y a
Sr3F620 -CPT f1© 1200°C amm”lﬂ15miﬂumgmﬂmmmﬂmmuiw%zi%qmwgﬂums

740
d 1w o 79y as . . ' = 4 as '
WA a l AU FUnI121a1835 Solid state reaction UANIIAS EUAIGITANALNOUIT I
' ' v o &4 a Y ax '
vzggaana lumamiuyas 1@ 1911109910015105 930 1NIAAIGITANAZNOUTIN TINITD
@ 1< dy = @ kY [ o =K o Y a aaa
perusaunuiuiefedny wag ldnseymavinamnuinszauu Tuwasdei ldnalfase
A 9 Y 1 as . .
LuENﬂ’HlliE)u]lﬂﬂfJﬂ’Jn‘ﬁ Solid state reaction
H [ d a
413  psANTUATIZHAEIT Citrate gel
o o = o s Y  aa yA &
AMTUMIANYINITAUATIEH St,Fe,0,.; AI87T Citrate gel 153080111
Sr;Fe,0,.5-CG
4131  malasuasamwvesmsiie lasuanudou
9 @ o <Y aa . ao dyq/
FMSUMTTUATIZHAV8TT Citrate gel 1ua1uIdodaaudasain
an o 4 aw . eﬂ// Y A g
A5N13d9AIIEN Sr,Fe, Co,0,,.5 1HI1UITBYDY Qingha, Y., et al., 2008 1115 AIA U 1
a a Y v ! a
Tuwase vaznsadasn Iasldoasraru 1 TuavesSura Tuasrvveslossuuinluais
[ a a a I~ o [ )
TuiasadedsuiaTuaveansagasmiu 1:1.5 v wauiuudi1 1l Idanudou
Y Y] A a ~ P Yo 9
A28 Hot plate laganbaizvasaisazareiinanisidasuutaaie lasuanuieunaniniy

A
AITNN 4.3



56

~

A o = S v Yo s
AT 1NN 4.3 uﬁmaﬂymzuazﬂmﬂaﬂuuﬂawmmiazawm@um FEAIUATIEH

Sr,Fe,0,,5-CG

. Qunqil
g ANHULVDITI pH
U89 Hot plate
msazaeansouren lumsa Y
. adula <1 -
+ losouluasauouitio laasa
A150LAUNIATATN la luna 1.3 -
msazareansounen lumsa
+ losouluasauouiio laasa adule <1 ~30°C
+ NIABATA
3U1A09 adula - ~120°C
=7
. fima
a = [~
sunaguilu Gel v - ~ 180°C
YU
F
= o
. fima
= [~
1Wasuilu Foam - ~200°C
WoY N30
a Y Y o
DA 1 AL IRGE - ~200°C

d
4132  MIANZHBINNNTOU
a J d' a g’ [y d' 1
Haanszimslasunlasgurgi nazihminfive lszraam

Yy Ay vy S v dquo 7 Y aa 9
Yot lavinmswn Tnfvesasaedunlddunsigd srFe,0.,; #1875 Citrate gel Tagld

dadruTuaswwed lessuuinluas luwsaaelSua luavesniagasndlu 1:1.5 uaaniy

a

~ d! 1 3’ Y] ] < d‘ I~ 9 :I v A
U1 4.9 Fanngdwuiniminegmeldedesiaingungi soo°c ifludu luaziimingy

U

Qa

=

[ 1 Y Y [
annguHggand 1000°C Fuiinme lvdurmianuaie 1200°C ogi 20.1%

)]



57

1057111 ().2
i Total weight loss 20.1% 1

100} |
Nl ] 0'15?0
_ P 3
S 3
< U
T 90 0.1 £
G 1 @
z | o
3 =
8571 ] §
[ 0.05 2
,5‘: 4 i
80:5 o

75 [ L L L 1 L L L 1 L L L 1 L L L 1 L L L L L L 0
0 200 400 600 800 1000 1200

Temperature (OC)

= 2y o oa ) )
E‘]J‘V] 4.9 ud@adWa DTA/TG "’U’[’)Qﬂllﬂ’]ﬁﬁ\jlﬂﬂﬂ’]ﬁlw']ulﬁu"’llﬂ\iﬁ'ﬁﬁﬂﬁu

A 9 @ 4
nlwludunsie srFe,0,.,-CG

4133 Sgmavesmsvaamsenunalaii
3111 4.10 vamawadnb1inn1adie XRD ¥09810819 Sr,Fe,0, ,-CG

A A 9 A a Aa g/ o I 1 g/ @
maseuTasldnsagasantimin Tuadlu 1.5 m1 veniwiin Tuasivvedleesuuinluas
Y a
%

Y o o 7 g
AIYANIDN uazwmmimnma%uﬁqmwm 1100-1200°C L’]J“L!L’JaT

£

Tuwsa vidunansm'ln

]
A A A %

2 92 Tus wus e Ngugl 1100°C ISudaaniiaas i Uiy Sr,Fe,0, JCPDS No.

045-0398) AT AN AVDI SrFe0, 110U UAUAAIA1IATOINNIBADNIU (*) UALLBINT

9

a 9 { v W ad ° o J
gauifil 1200°C 39 1At enfe1veq Sr,Fe,0,,; daiuguginmingaudmsumuna laians

Sr,Fe,0,.,-CG fiD 1200°C

3



58

2000 —

1500 - 4

e S

Intensity (Cps)

500 - 1100 ¢

I h ﬂ * *

| I Sr3 Fe% (I)7 (045-0393))

20 30 40 50 60 70

2Theta

A gy S v Agqyo 7
E“]J‘V] 4.10 LgadWa XRD "llE]Q%Lﬂ1ﬁ1§¢]ﬂﬁuﬂgl“]fﬁ\‘llﬂi1$ﬂ Sr3F620715-CG

a

o P I )
waurwaa laiguvgil 1100-1200°C 1iuan 2 ¥ 1ua
A = ~ (% 4 Y ad . v ad
Woel3euneun1sFunI1EH SryFe,0,,, A28 Citrate gel 11T
a (] < (=Y a ]
Solid state reaction 182 3TANALAOUI IN VTN 1A313T Citrate gel HazITANATABUIIN
= Y 9 a S 1w v Aad . . 1 9 ]
dandinez ldgauugilunmsmuaa laniiniduduidF Solid state reaction 1@ TH12a 1ML
Y 1 :/1 dy A @ <Y Qddy 9 A I di’ =\ Y] =\
Yoo NIt INMIFUATIZHA10a09751 laa1snaaudlwils@ernu uazlivuia
1< 1 o I Y ad . . A =~ ~ 1% Ja
BUNIAANNIINTTUATIZHAI8TT Solid state reaction HAZINOITIVINIUNTTUATIEHIT
Y v
1 Y a . 1A ' @ [ J
ANAZNOUIINNDY 3T Citrate gel NUINITANALNOUTINTIUABUNITTUATIZH NG
Y

y
) 'd
y

f
' [ 3 av = A Jas . ° o = ~ 2]
N1 ﬂﬂuuiuﬂu’lﬁ]ﬂu%ﬂm@ﬂi%’)‘ﬁ Citrate gel E‘TTH'T]Jﬂﬁmiﬂi]’dﬁﬂizﬂﬂﬂiugﬁi‘ﬂ A

Al
ﬂmaﬂmﬂ'fugmﬁlﬂu Sr,Fe,0,.5
42 asfnmwavessldldensidamialumsitugn Sr,Fe,0,;
n31al Mn Mo W Cotag Nitd1'lludwmiisves Fe Glum'iﬁyugm Sr,Fe,0,.5
mmfw:Gﬁ’;ﬂﬂ%’uﬂiqﬂﬁ’?hmiﬁ1‘1‘1/1171wqqﬁugﬁmmﬂmiTé}vﬂé’hﬂﬁmﬁﬁmmaamﬁm%qmﬁ
203+

o Y a . . A 4?’ z 4 Y o =2 =
Fe”" vzl A Oxygen non-stoichiometry 1HiuAu TaslududuldaiinisAnyidinaves

a 4] 1 a { YA, [ 4 Y a .
Ysamslal aemsinamapervesas Tasldsmsduns1eva15a1875 Citrate gel



59

42.1  nsailad Mn ludwuviviaves Fe
AUATIZH SryFe, Mn 0.5 1310 x =0.2 0.4 0.6 0.8 1ag 1

d
4211  MUANZHTIANNTou

~ a 4 = a 3/ v A
51N 4.11 Llﬁ'ﬂﬂNﬁ’Jm'ﬁ%ﬂﬂﬁL”]JﬁEJ‘L!LL‘IJﬁQQﬂ!W{]?J UAagHUINMUIN

u

v '
9y

' = v vy o S ¥ A ~
ez namveswsiidin ldanmamn lvddrednesvosasasdn Ae ansouiion
Twasa vuemila lwasa nazlosoulwasauowiio laasa naunuaisazatonsagasin
= Y o 4 £ @ [l AA a [ A 1w ' A
F914TUnI12H Sr,FeMnO,,-CG Fuiludredanilsuams 1ai Mn geangalungudledian
=2 A Y o 1w ll g ' ~ g’ o I
Any e Imiludumuvesngualediail Feoingil linudia DTA naziiwiin lunldeunlas
~ a 1 @ 3 J A a 3 Y g’ o A
Ngunnl gand1 1000°C aeriumswnaa laiszmfguvgil 1000°C Hudnll hwing

el aruarause 1200°C ogi 23%

3
100 © Total weight loss 23%
2.5
95 L ’
;\3 =]
Z 90 r 2
E’) 5 1.5 g
3] a
= o
85 r 1 (_;,5
L a
=
I 8
sor 050
75 L ;\ L L | L L L | L L L | L L L | L L L | n L L ] 0
0 200 400 600 800 1000 1200
Temperature (0

v Y
511 4.11 1aAINa DTA/TG V0 UMUAUNAMTIH 1M T a186 1030 9e1THIAU

Rl

q o 4
nlglumsdunsizy Sr,FeMnO, -CG

7+

(Y] (Y] d
4.2.1.2 ’Jg]mﬂmaam‘maanﬁ!mma‘lmu

= 9

H E4
U0 4.12 naaawadny1In1nA 28 XRD vo 91817 1991nn13

o 7 o I a A I
aAIUNTIEH SI’3F62_XMHXO -CG wmmimnma“lcvuﬂqmwzgu 1200°C W‘U'ﬂlﬁﬂjﬂﬂﬁﬂﬂ Mn

T+

v 1 Y
TudSua x=02-1.0 damaldnarn1lFimuaa lahmuaulass ududesitnmsuauas



60

s d = Aa A A v W A
wnaa lgigdeezinaanifiansanuny Sr,Fe,0, (JCPDS No. 045-0398) Tagn 131y
a o S A ¥ 4 g’
U5 Mn M lRnamsuaa lsimuavuainlidreTas x = 0.6 - 1.0 1¥aumna lasiisn

59 15 ¥ 104

t x=1.0(15hr) {
4800 1
L "\ podr]
4000 x=0.8 (15 hr)
_AAJ\ W
23200 1
S I x=0.6(15hr) |
2\‘ |
z f A ol
2 2400 | 1
[ \L x=0.4(10hr) |
1600 — \ LAJ\ ol A
i l x=0.2(5hr) ]
800 A
I et N
Sr Fe O_ (045-0398) |
i I | 3 27 1
0 L L L L L L L L L L ‘1 "‘ L L L L wl wl L L L L L
20 30 40 50 60 70
2 Theta

31 4.12 naawa XRD vosasasdun1Flunmsdunsig SrFe, Mn 0, -CG

a

@ s I o
nauruaa lingavgil 1200°C 1Wunan 5-15 $2Tus
422 nsallad Mo ludmmiisves Fe
[ 4 4
dUnI1ZH Sr,Fe, Mo, O, 1118 x=0.2 0.4 0.6 0.8 1Az 1
a da
4221 MYIANZHRBIANNTOY
~ a 4 = a oy v A
717 4.13 amawaazvimsnlasuuilasguvgi uaziiviing
[ dy Y & J Y 1 AA A [4) A
119 11521 NUNVBINIUGT St,FeMoO,,-CG Fuiludregniilsmauns 181 Mo gangaly
1 o T A= A 9 o 1w [ d" £ 1 =1 oy o
ngudlednany el iludunuvesnguatediai davngil linuiia DTA naziihmin

a 1

] A A [V a’/‘ 4 A a I Y
lunlasumlasigungiiganii 1100°C astiumswuaa laiszwnigumngil 1100°C 1Wuduly

U QU



61

sazwmrngungiinnalgnse Tasnsananns Wl DTATG  Fuimiiniivie l)niue

WAUHIDT 1200°C 0N 16.3%

1 3
100; ______ Total weight loss 16.3% |
i ; 1 25
i 2
95 —
s | g
S 15 8
S S :
5 B 5
SR 05 ¢
85- 2
I e
| =0
Y0
H 950 C
-t -0.5
0 200 400 600 800 1000 1200
Temperature (0

H A
517 4.13 udaIHa DTA/TG YoUdMAUAANTIHT INTAIIA D IUDIA1TAIAU

~ 9 [ 4
N lumsdunsigs Sr,FeMoO,,-CG

7+5

% % d
4.2.2.2 JQJ’Hﬂﬂl@ﬁﬁ]iﬁﬁﬂﬂ]i!ﬂ“lﬂiﬂ“ﬁu

A =

o P S 9 Aqu
ETJ‘VI 4.14 HAANHAANHIINNIAAIY XRD “]J@Qﬁ’]ﬁ@]\iﬁuﬂhlsﬁgll:lﬂ'ﬁ
@ @ 091 { a <
dUAIIZH Sr,FeMoO,.-CG nasn1siwinaa lasidrfiguvgil 1200°C sauiunar 10- 15

#2119 nud1n13 181 Mo unut Felu srFe,0,, litaiflums@slves srFe, Mo 0. Taw

7+0 7+8

4 [ a a (% 4 4
e lall Mo luilSu1a x=0.6- 1.0 9z1ia Secondphase(ﬂ\i!,l,’dﬂwg{ilﬂLﬂ?ENWiHEJﬂE]ﬂi]H)

Yuegnumaved Sr,Fe, Mo O, 5



62

* = Second phase |

4800 M x=1.0 (15 hl‘)*
L % * 4

4000 [ b

H x=0.8 (15 hr)

%—ML--—‘.-“‘ A dreMarsrihanai - . N

2 3200[ 1

8 L 4

> H x=0.6 (15 hr)/
= % 3

z OO AJUL P T NP ]

E 2400 7

x=0.4 (10 hr) |

1600 L -

x=02(10hr)

800
: A A JLJLA L AN

Sr Fe O  (045-0398) |

—— 3 2.7

20 30 40 50 60 70
2 Theta

51091 4.14 udaswa XRD vosmsasdui 15 lunsduniizd sr,Fe, Mo 0.,-CG

7+0
A

o s < o
wmmmﬂa”lcnuﬂqmwﬂu 1200°C L‘lJ'HL’J'ﬁW 10-15 ‘]5’3111\1

U

~ ) = ~ 3 9 A
ﬁ]”lﬂ?JTJVI 4.15 ugadna XRD AT HINATINGAVIITITAIAUN

15 1un15§9n518 7 Sr,FeMo0,,,-CG FINVIUNANAVYDI SrFeO, (039-0954) (LAAIAIY

7+d

INF01UIBABNI) LA Sr;M0,0, (052-1252) (LAAIAIBIATOINNIGLIN) FAUAAIINNITUANA?

Y09 Sr,FeMo0,.; Auiuaglla11n151aU&28 Mo unuit Felu Sr,Fe,0,. lulFua x> 0.6

7+0

7 a < o a Y%
pazwuna lsinguugd 1200°C 1Junan 15 ¥2Tue 9210@ Second phase Unogi W avD

Sr,Fe, Mo O

T+



63

500 —
+ =Sr3M0 O

400}

300}

Intensity (Cps)

200/

100}

30 31 32 33 34 35
2 Theta

51 4.15 wanama XRD vosesasdunlFlumsdunsied srFeMo0,,-CG

Y I a | )
vauwuaa lsingavgl 1200°C e 15 51 Tus

423 nsallal wludmriviaues Fe
[ L4 4
AUATIZH Sr,Fe, W0, 188 x=0.2 0.4 0.6 0.8 118 1
a ¢ a
4231  MIRNERTIANNTU
A a L4 A a :I o A
317 4.16 uraanaInIIziNslasunlasgungi wazimiing
' dy Y £ @ ] AA (A 4 A
e 151 awatiig Sr,FeWo,, -CG Fuiludredanlilsmuns Tal w genigalu
1w 1 A= A 9 3 o 1w [ dy £ 1 =1 oy o
ngualed1nany e Ifdludumuvesnguaiedieil #9ngil ldwuiia DTA uaziiwin

a 1

] A A [V as.t‘ o A a I FY
lunasumlasigungiiganii 1200°C asiumswuaa laivzwnigumngil 1200°C 1Wudu i

U QU

oy 3 d‘ 09/’ [ = ld’
uWﬁUﬂﬂWTﬂqﬂﬂﬂﬁMﬂﬁaQ!NWQﬂ 1200°C 9gn 20.5%



64

L S R B B 5
100 - Total weight loss 20.5%
450°C™ 500 C 1.
95 - ' ]
p—]
7 e
= N0 7 5|
'S £
L (4]
= L , 9
85 [ o :o?
- {100c g
RN :
I o
80 || L&
75 [ L L L | L L L | L L L | L L L | L L L | L L L ] 0
0 200 400 600 800 1000 1200
Temperature (OC)

H A
51N 4.16 udAIHa DTA/TG VoA MAUAANTIHT INTAIIANDIVDIA1TAIAU

Aq Y [ 4
nlglumsdunitgs sr,FeWo,,-CG

7+0

(Y] (Y] d
4.2.3.2 agﬂmﬁu’admiﬁmmimmm"lmu

A = [ Y 2 Yy dq9
iﬂVI 4.17 HAAHAANHIINNIAAIY XRD m@Qﬁ1§@Q@uﬂ1%1uﬂ15

u

a

[ g} { < v
.5-CG wasmswuna landdnfigamail 1200°C saudlunal 10 - 15 42 Tuq

Y

duns12H Sr,FeWO

wum3 18U W unudi Felu srFe,0., hiadlumlai@eodves srFe, W 0. Taoiiio1al w

7£8 7+8

Tual5na x = 0.2 - 1.0 92179 Second phase (F3UAAIA8IATBIHINIABNTY) Yusdiumauod
p ¢

Sr,Fe, W O

74O



65

——
* = Second phase:
x=1.0(15hr)]
4800 [ " " :
;...MW P tonsrsamisanaty "
4000 x=0.8 (15 hr)
3
e MA Mu . Aca A A__ R | -
‘2 3200 [ .
) r " x=0.6 (15 hr) |
: |
% Lo PR | il R
E 2400 i 1
i x=10.4 (10 hr)1
1600 L AJﬂJL A -A Y ]
r J\ x=0.2 (10 hr)]
800 [ ﬁ 7
N A :’J A vy '\A A
I Sr, Fe, 0, (045-0398) |
0 L L L L | J l L L L | L ' L : L : L | L L L " wl | L L L ! L
20 30 40 50 60 70
2 Theta

51 4.17 uasawa XRD vosesasdun1Flumsduns g srfe, W 0,,-CG

Y 7 a IS )
vauruaa lsingavgl 1200°C Wunan 10-15 ¥ Tug

=1

v Y [
113107 4.18 uaAINa XRD AsIdunusfingangavosa1sasdud

QU L)

[ J ¢ g @ J o
1 lunmsdunsigw srFe, ,W,,0,,5-CG Fuiludaumuvesas sr,Fe, W0, ,-CG NUTIHEUH

7 a [ o a A Y
uaa lyigaurgdl 1200°C 1uaa1 15 52 Tua 1iafiAve 9 FeWO, (074-1100) (LAAIAIY
v v 9 v
1nTean1euIn) YnegiuldneIves srFe,0,,  asiuagil1d31nsTaldre W unui Fe

Tu Sr,Fe,0., luFua x=0.6 - 1.0 nazwuaa laifigangil 1200°C (Hunan 15 $2Tug

74O

a Y $ Q' [ a 4 1 Q'
92109 Second phase uagiumlauos SrFe, W 0, #gelaldre15ua w nindumilsas

v k4
W19 Intensity voun Ao Sr,Fe, W0, s aARUN1TY

74O



66

500 —

+ =FeWO

400 |- ]
I . ]
. Sty Fe, 0,

300 |

Intensity (Cps)

200 |

100 |

0 L L L L 1 L L L L 1 L L L L L L L L
29 30 31 32 33 34

2 Theta

31 4.18 uaawa XRD vosesasdun1Flunmsduns g srfe, W, 0,.,-CG

a

o 7 < o
wmmuma"lmqumwﬂn 1200°C L‘]J‘Lll,’mW 15 "lf’ﬂlN

U

424 n3allay Co ludumrivaves Fe
dun3129 Sr,Fe, Co0,., O x =02 0.4 0.6 0.8 Uaz 1

a ¢ a
4.2.4.1 ﬂ1‘§3!ﬂ51$ﬂ!‘“\‘1ﬂ'313~1%}01—!

~ a L4 A a :I o A
51N 4.19 mewmmawwmﬁxﬂaﬂuuﬂmqmwgu UAZHUINUNN

u
4 H

1 S 9 A 9 Y Y @ oa/' 9 A =1

19115 namveanavid1n 1da1nnst Tuddred 1o aueaa15asdu Ao aasouie
Tuasa Tavea huasaanss laasa uaz losouluase nauduaisazaioniadain dald
@ 4 =& I @ 1 AN (a %)) ~ 1 @ [ A
dUAIIEH Sr,FeCo0,,-CG  Fuiludrodranlisuanis1ai co gangalungudlediei
= A 9 I o 1 ] (] dyd! 1 =1 oy o [l =

Anw e Il udumuvesnguaiedieil Feaingdl hinudia DTA nagiiwinlunldeumlas
~ a [ [ a’/‘ 4 A a 3| 9 g’ v A
Ngunnlgand1 1000°C AU srAa lsivzwiiguvad 1200°C iWudu ) hwniing

g lManuanaund 1200°C gl 22.6%



67

T T 5
100 - Total weight loss 22.6% |
I 450°C ]
<4
95 +
;—]
@
S I 3.8
— €]
z NF g
N . =
5 a
= I ’ 2 9
85 &
&
L i =3
| oo |8
80T &
75 L L L L | L L L | L L L | L L L | L L L | L L L | 0
0 200 400 600 800 1000 1200
Temperature (OC)

1 4
719 4.19 udawa DTA/TG voudmaunamsw lniialeduesuesasnsdu

Aq Y o 4
nlglumsdunsigyt Sr,FeCo0,,-CG

7+0

(Y] (Y] d
4.24.2 agﬂmﬁu’admiﬁmmi!m!md’lmu

~ = o P QBJ} Yy Aq
51" 4.20 HAANWAANHIINNINAIY XRD m@Qﬁ1ﬁﬂQ@uW1%1Uﬂ13

U

[ L4 Y rfgl { a 33| o 1
dUAT1EN Sr,FeCoO,,-CG wmmimmﬂa”lcﬁumﬁqmwgu 1200°C Wual 2 GH’JIIN NUIN

7+d

2] A a g A
M3 1A Co unui Fe Tu SrFe,0,, 5 Al uimlanfeIved sr,Fe, Co0,,



68

4800 |

A Ak )L s A

4000 |

Intensity (Cps)

2400 |

N Y M

x=0.21

o ok A

I l SI‘3F6207 (045-0398) |
L |

0 L L L L | L L L L L L L ! L L L L L L L L L L L L
20 30 40 50 60 70
2 Theta

1600 fmsmuaannn

)
1 ;
R IR
o |
|

800

v F4 [
31 4.20 wanawa XRD vosensasduilFlumsduns g srFe, Co 0, -CG

a

@ s 1< )
ﬁa\ilw']llﬂallcﬁum@‘ﬂ!?fﬂil 1200°C 1 urian 2 ¥a1ug

QU

425  psailad Ni ludwmiiaves Fe
AUATIZH Sr,Fe, Ni O, ;11D x=02 0.4 0.6 0.8 1Ay 1

d
4251  MNANZHITIANNTOU

~ a 4 = a 3/ v A
517 4.21 Llﬁ'ﬂﬂNﬁ’Jm'ﬁ%ﬂﬂﬁL”]JﬁEJ‘L!LL‘IJﬁQQﬂ!W{]?J UAaZUINUIN

u

v '
9y

! a v Yy o o ¥ A a
e ldsgnanamveanatidn 1danm s ludaled103u09a15098 U Ao TasauINgl
a a [ a A = 9
Twase dnnaluasaanas laasa uaz'losou'lumsa nauduasazarsniadasn aqls

@ 4 . £ g @ ] Aa (a Y . A 1w 1 A=K
dUATIEN Sr,FeNiO,,;-CG Fuiludiedrantilsuanslal Ni gangalungudledranmnm

=

4 Y I o 1w ' Y 4 ' J o ' {
e ldiiludnmuveingualediail deaingil lunuiia DTA naziiin lundsunilas

a 1

@ 09.:’ 4 A a <3| 9 g’ o A
UWYNFINIT 1100°C muumimmﬂa”lclm%mmqmﬁgu 1200°C Lﬂuﬁuulﬂ HINUNIN

e 1A ausde 1200°C agi 22.2%



69

Total weight loss 22.2% ]
1 4

100 -

Weight (%)

(D ) ouaroig dumeroduwid |,

75 I T T T S S S SR ] _1
0 200 400 600 800 1000 1200

Temperature (OC)

1 4
710 421 udawa DTA/TG voudmaunamsw luiialeduesuesasnsdu

~Aq Y @ Pl A
nllumsdunsiz Sr,FeNio,, ;-CG

T+

(Y] (Y] d
4.2.5.2 agﬂ1ﬂmedﬁ1iﬁaaﬂ1im1uﬂa"l°uu

~ = o P OBJ} Yy AAq
51N 4.22 HAANWAANHIINNINAIY XRD m@Qﬁ1ﬁﬂQ@uW1%1Uﬂ1ﬁ

U

@ L4 Y o'r?’ ! a I o 1
dUAIIZH Sr,FeNiO,,-CG Naamsmuaa lsig1figungil 1200°C 11ua 2 52 Tug Wy

[ . A a g = .
M3 1A Ni unui Fe Ty Sr,Fe,0, 5 tnailumlai@erves Sr,Fe, NiO,,;



70

6000
[ x=1.0
5000 7
A J A N J e -‘-J\-JL
4000 H x=0.8 |
o [P W _..J MA.A R W N
& r
9 L
Z 3000 j x=06
2 L
£ * . " LJ o A
2000 = j\ X = 0.4 —
[ J A LJJ Mﬁ peami A A
1000 - M x=02-
e A A JL—A_Jl Ajl J\.J\.;
| ! Sr3 Fe2 O7 (045-0398)
0 L L L L L L L L L . L : L L L L L " wl L L
20 30 40 50 60
2 Theta

5141 4.22 uaawa XRD vosmsasaui 1¥lunmsdunsizd SrFe, Ni.O

o 7
wmmuma"lcuqumw

a

U 1200°C &

U

Hurnar 2 $21Tug

7+0

-CG

70



71

43 1A33031990MAVRITAQHAININED

431 Jassadegamandausnniinues Sr,Fe,0,,;

=

4 v o o v QU o P
Lﬁ@\‘]%'lﬂﬂj'luﬁf)\‘]ﬂ’]i“ll’f]\?'lﬁﬂﬁ’]ﬁﬁﬂiﬂflﬂum?llﬂiuﬂm@q SOFC f1931
v

[ A Y ds’ a v 9 o aaa Y [ ua.z’ Aauv AKX =< A

ﬂ'J'l?JW'i;u@]')qq!W’E]Glﬁﬁ']ﬁLGIf'E')LWﬁﬂllWi!ﬁll'lvlﬂﬂ'lﬂQﬂifﬂ"lﬂ\ﬂﬂ muﬂuﬂm%ummmuﬂﬂ
A ' a g v A A a g

qmwgwqaﬂ31qmwﬂ“ummﬂa"l%maﬂuﬂﬂ ADNYUNIY 1220°Cuaztuuyiilu

) { ' /a '
1912 ‘D"JI'JN zﬂﬁ 4.23LLﬁﬂ\1ﬂ']WﬂTEJTﬂ§'\‘]ﬁ%}N%qﬁfﬂﬂfl]Tﬂﬂé}ﬂﬂﬂaﬂ’iﬁﬂumﬁﬂﬁiﬂuuﬂﬂﬁﬂﬂ

a

.3 MAUNHTINTQaINgH 1220°C

RY

1510 (SEM) Y04¥U1U Sr,Fe,0

| 4 ') 1Hm } _——
2 8 _' -.'5...\Ej_ A 17 mm

1 A ] Qy
517 4.23 Llﬁﬂ\‘lIﬂi\‘lﬁ%ﬁﬂﬁﬂTﬂiﬂﬂﬂé}@Qﬂaﬂiiﬂﬁﬂ!aﬂ@ﬁ@ullﬂﬂﬁﬂﬁﬂiTﬂﬂJﬂﬂ“]ﬂuﬂTu

Rl

a

Sr,Fe,0,.,-CG viaurmmiinfigaungil 1220°C unan 2 $2Tua

Q U



72

(B4

A Y ay ~A R
210317 4.23 uaaalns9a3 193900 1AVOIFUAIU Sr,Fe,0,,-CG NUuF1 Tae
N150ARIBUITIAUNINUNNAANIIN 200 MPa HAUNIHTNNUNTENBUTNTUA2 TaeTiviia
nsulszanm 3-6 pm Wiy MasveIenUI NN TUNTvUIA Tniia s iaouFouAo N U

' <
FEHIUNTUVIALAN
432 Tn33a31990mAHaININENY4 Sr,Fe, Mn O, (x=0.2 0.4 0.6 0.8 1.0)
[ 2
VINAINN 424 1A INE18TATIA3199001AV0IFUIIY Sr,Fe, Mn O,
! o (Y ' v < 4
(x=02 04 0.6 0.8 1.0) WM 3 1AUAI Mn vz dawaldruIarouNTUANAL FUNTUYLIA
3 A ] o Y 491 a =2 Y A A Aa 13
@niianungudrgei liasdemawnsnduy 1die vaziemuisuamsTal x=0.8-1.0
1 1 o I 2/’ YA %) )
wua g lFvurainswanaslddn Meiiiiesarnnis Iaddae Mn i ldnsmwiin
. o o Y A 1 1 S A Y 1 [
(Sinterability) 1 1810015 1%ouaosgnIIUNsTUVUIAAnTdoenI1d15dsznoUKaN

Sr;Fe,0,.5-CG



73

1Fm
“l8.0a8

\

—_— 1Hm
SUT 28Ky %16, 8067 25mn

1 A 1 Qy
517 4.24 Llﬁﬂ\‘lIﬂi\iﬁ%ﬁﬂﬁﬂTﬂiﬂﬂﬂé}f’Nﬂﬁﬂiiﬂﬁ@!aﬂ@i@ullﬂﬂﬁ@ﬁﬂiTﬂﬂJﬂﬂ“]ﬂuﬂTu

U

Sr,Fe, Mn 0, -CG waupwiin figarvgil 1220°C flunan 2 $2Tus

7+0

Mx=0W)x=02(Mx=04)x=061@)x=08MR)x=1



74

433 assa¥egamandusnniinues Sr,Fe, Ni O, (x=0.2 0.4 0.6 0.8 1.0)
) @ [N . 1 Y ld?’ £ 1 o [
dmiums Iaddae Ni szaamalivinaveansulvgyugamnaanunis lal
] 2
A28 Mn 11az1n317 4.25 uaasnmnie 13 a3 199001AY0IFUIY St,Fe, Ni O, (x=0.2 0.4
[ =1 J A a (7 ) 9 Qy ld?
0.6 0.8 1.0) vaurmwdnnuIMIANYFuns 1al Ni i ldvuamnsuvessuaulvau
a O o A o o o '
YT uans 18y faiiiifeenns 1aUa1e Ni v 1 msimiin (Sinterability) 1114418013

A 1 1 3 A o Y dg’ & v 9 [ 0 (Y
L%@M@@igﬂj'l\uﬂiuellu'lﬂ!aﬂiJiJ’lﬂT]’l‘lWLﬂﬁuiﬁechﬁ\iﬁi\‘lﬂuﬂl’lﬂﬂﬂﬂ’lii@ﬂﬂﬁﬂ Mn



75

l‘ \ or . =
/ B \ ¥ ) 1 Mm
SUT 2o RN TS b age 178

LIS UT  28KUY

/

1 A ] Q’l
gﬂﬁ 4.25 Llﬁﬂ\‘lIﬂi\iﬁ%}%‘i‘ﬂﬁﬂWﬂ‘tnﬂﬂé}ﬂﬂi]avliiﬁ‘li’ﬁl!Z‘lﬂ@i@ullﬂﬂﬁ'ﬂﬁﬂiWﬂﬂJﬂﬁ“]ﬁuﬁTu

Sr;Fe, Ni O, 5-CG HAURWILD ’I/Iﬁ)m‘ﬂﬂiJ 1220°C Lﬂunm 2 6If’ﬂll\i

Mx=0Wx=02(Mx=04)x=061)x=08MR)x=1




76

434  Tn330319900AHAVNINENYS Sr,Fe, Co 0. (x=0.2 0.4 0.6 0.8 1.0)

7+0
) @ o (Y 1 Y ld?’ A A = o
s 1aldae Co vzdawalivinaveunsulvyyuunnigaiomauny
v 2
Ni 91n31/91 4.26 naaan e e Ta5983 19900 1AYOIFUNIU SrFe, Co 0, (x=0.2 0.4 0.6 0.8
[ =3 1 A a (7 o 9 Qy 142‘
1.0) auIwin wumsmulsuianis1al co mnvuamsuvessuauvyyuai
a o o 4 A o ¥ 0o q ¥ A " o ' g~
5uams el Neiliesnnnis 1allaie Co M l¥inmsiyeuaonUsEHINUNTUVUIABNNIN
' o 3 A @A A 2 A o
WRedn U5 1a1de Ni uazlsuams Tad v utiaz i 1% mswniin (Sinterability)

Y
Wwldheauldsn



Tl

4 ) 1Mm \ [
4 VS b B 1P

v |
™
g
- o

SUT . 28KU

{ Ja 3 1 Qy
z‘ﬂﬁ 4.26 Llﬁﬂﬁiﬂiﬂﬁ%ﬁﬂfl]‘ﬁﬂ"lﬂsmﬂﬂé]ﬂﬂ%qf:'ﬂ/li'iﬁuﬂ!aﬂ@ﬁ@ullﬂﬂﬁﬂﬂﬂiWﬂﬂlﬂﬂ‘]ﬂuﬂTu

Sr,Fe, Co,0,,.-CG naumaiin figaungil 1220°C ifunan 2 $2Tua

7+d

Mx=0Wx=02(Mx=04)x=061)x=08M)x=1




78

434 Jassa¥egamandausniinues Sr,Fe, M,,0,.; (M=Mo Mn W Co Ni)
A = = % @ Aa 9 [ A 1
wenSsuieunavesdd Taliline Tnseaieganiadagii 4.27 naasninaie

[ =< A a A %)
-CG aurRIWUNNgUnN 1220°C wuauie 1al

QU

Y
9 a
1A3903199001AVBIFUIIY SrFe, M, ,0,.5
o { [
@18 Mo Mn W Couag Nilimaildvuiamnsunlasuuilasll Taslaldae Mo Mn tag
o < 4] . o 1 -4 [
w i lRvuainswanas nazms1addae Co uaz Ni i linsulivuialveiv uagms 18l
v 0 q ¥ ~ A A g 2 A oY )
A28 Co MIAFUNUTMIIFOUABVDUNTULINAFA 1911109910115 1A1A8 Co 1Az Ni M3

IWWTIN (Sinterability) 11 1dd18n31M3 TRUAI Mo Mn 1oy W



79

1M m —\

4-\[‘ Bl 17 h‘l

{ Ja 1 qy
i‘]Jﬁ 4.27 LL’s’f@NIﬂi\iﬁ%’]\ﬁ!ﬁﬂ']ﬂ"lﬂﬂﬂé}’é)\iﬂﬁﬂ55?(1!@!@ﬂﬁi@ﬂllﬂﬂﬁﬂﬂﬂi?ﬂﬂ]’ﬂ\i%uﬁu

U

Sr,Fe, M,,0,.5-CG (1) Fe (1) Mo () Mn (9) W (9) Co () Ni #ausmiin

figaungi 1220°C iWlunan 2 ¥2Tua Tavh MiTuuan losou



80

44 msanmnmmsiniwihvesian
dmsumsiaaimsi ldfhvessunuigidennageummgueiaa Tastiwaoynin

A J 9 @ 4?} @ 1T v a 9 @ :/l o
‘VILWHLﬂahl“]ﬂﬂlLLa’)iJ1'f]ﬂGUH?l‘]JLL'U‘]JLL?Qﬂul%'lﬂuﬂﬂﬂﬁﬂ'l\ﬂﬂﬂﬁ{lﬂu 200 MPa €l]'l'ﬂu"l1l°l!'lbl‘]JLP»l'l

]
~ a

= a I ) 1 ] 1 o A
HUNNYUNHY 1220°C L‘]J"Lll,')ﬁ'l 2 G]f'JIlN Tﬂﬂmmmwumuu uazmmam”lﬂﬂmqmmm

Q U

§119 ) YOIFUIY SryFe, MO, (M=W Mo Mn Co Ni) (x =0— 1) uaadluasan 4.4

v Y Y v
MINN 4.4 ANUHUWUUVOIFUIY LlﬁgﬂWﬂTiﬁTllV‘hﬂT’U@\‘i%uﬂL!ﬁWTHﬂﬁLWWWﬁﬂ

A a < )
Ngaungil 1220°C 1Wlua 2 ¥ 1w

P ANUHUIU U amsi i (s.cm™)
¥OAIDYIN )

(gcm’) 350°C | 600°C | 800°C
Sr,Fe,0,,,-CG 3.67 1719 | 13.77 9.21
Sr,Fe, W, ,0,.,-CG 2.88 0.89 1.29 0.92
Sr,Fe, Mo, ,0,.5-CG 2.89 237 3.54 2.69
Sr,Fe, Mn, ,0,.-CG 3.41 9.03 8.86 5.81
Sr,Fe, Mn, ,0,.-CG 3.38 10.91 9.61 6.83
Sr,Fe, Mn, ,0,.;-CG 331 5.30 5.73 491
Sr,Fe, ,Mn, ,0,.:-CG 3.35 1.05 1.54 1.60
Sr,FeMnO,;-CG 3.25 0.53 1.08 1.00
Sr,Fe, ,Co,,0,,,-CG * 39.35 | 3141 | 19.08
Sr,Fe, ,Co,,0,,5-CG * 1.75 3.66 2.47
Sr,Fe, ,Co, 0,,5-CG * 1.37 2.47 1.67
Sr,Fe, ,C0,,0,.5-CG * 224 2.63 1.92
Sr;FeCo0, -CG * 1.99 2.49 1.81
Sr,Fe, ,Niy,0,.,-CG * 4544 | 3619 | 2243
Sr,Fe, Ni;,0,.,-CG * 11.92 | 17.51 13.61
Sr,Fe, Ni; 0,.,-CG * 1296 | 1692 | 12.69
Sr,Fe, ,Ni, [0,.,-CG * 966 | 1123 | 873
Sr,FeNiO,-CG * 3.54 7.09 6.98

1 ¥ A Qy o Aaan o g
NN * UliJﬁ'nﬂiﬂ“l/mﬁ’O‘]JhlﬂLﬁﬂ\iiﬂﬂ%u\ﬂuﬂﬂlﬁ]’lﬂﬂﬁ‘ﬂ'lﬂgﬂimﬂﬂﬂ’(]'lll%u‘lu61ﬂ1ﬁ



81

441 mmsilWihvesiaq sr,Fe, M, ,0,., (M =W, Mo)

7+0

317 4.28 uerasan1sii I finguigi 100-800°C ¥04 SrFe, M, ,0,.;

y 9 9 a . 1 1 a
(M =W, Mo) 11 1d91nM15105 8ura01n1AR18775 Citrate Gel WU Sr,Fe,0,. Tur19gamngil

Uszinm 100 - 350°C Taquansansazmsth Iifuuuasnadii (Semiconductor) Ao AN

v 9 ] v ' Y
i lAwnnIwiegurgigedu Taglugiegungil 200-350°C Amsi T dunuiueda

a 1 [

Funau uafigungiiganit 3s0°c dnvazmsi iudeu luidununlane fe Arnsii

U E')

b4 H
= [ [ as

TWihasauiioguugigaiu dmsuguuginildinamsulasuulasdnyaznsi i

q £

] F4
Y04 Sr,Fe, W, ,0,.5 18% St,Fe, Mo, ,0,.5 tHonf3suiiieuny sr,Fe,0, , W Niagevulagas

inluwae 500-600°C Tagarnsii Tdhwes srFe, W, ,0,., 1az Sr,Fe, Mo, ,0,.; 1zanadile

A Y 1 9
15801 M 8 VA SryFe,0,., WA 1TOINI1DINFUIIY SryFe,0,; UAITUHUIMUUFTINT

@ A = (24 14
Sr,Fe, \W,,0,.s 8% Sr,Fe, Mo,,0,.; A aadlun13199 4.4 ¥an151alate Wuag Mo

7+0 7+d

1 a =

a =2 o qYY v £ A qouny oA
i]gﬁ'\iWa@]@qﬂ!Wiq]llﬂ’lfl'LW'lWuﬂ‘Vl’lbl‘Viﬁ’t’]Qi%qmﬂﬂnlﬂ’lWuﬂqqsllu!W@GlWllﬂﬂ’J'lﬂJﬂuuluuﬂ
Y A o A o A v Y ~ v o o = '
Tndifeany sr,Fe,0,,, uatiosaniaque Tua e ldaiudosiinnungud aaiuvly

IS

suiludewi i iaalinnunuingeneuiivgsimsiasimai ddhdmsoanmsi Wi

Y04 Sr,Fe,0,,5 St,Fe, Mo, ,0,,5 1ag Sr,Fe, W,,0,.s NN YU 350°C (MY 17.19 2.37 uag

0.89 S/cm AIUAIA

20

10

Conductivity (S/cm)

0 200 400 600 800 1000
Temperature ( ko)

11 4.28 waasmmsi Idwisunugaumngiives SrFe, M,,0,., (M=W Mo)



82

442  mmsilWihves¥aq Sr,Fe, Mn O, (x =0-1)

7+0

51/ 4.29 uaasmmai IfhuReusugavgiilugag 100 - 800°C naasl¥iviu

U

M nndeduaasanyuz M IWihuuuasnsdnilussgungiidsgunm 200-400°C nay

] v 9 ]
nlasudnvazmsth i ludunon Tansfigunglgeaiu muidediu SrFe,0, 1991081

9
=

msih llfhasasnTensiilieoguugliuiuTasgungiinanislasunas (Transition

Q U

2]

dg’ I A [ )
temperature) g4YU1N 350°C 1] 400°C 1ife 181 Mn aza 115151 10 #ve4 SryFe, Mn O,

(x=02- 1.0) anauion)Fsufion iy srFe,0,. Falininmsi i gamgll 350°C idy

:Jl dy A 0 (Y o Y a .
17.19 S/em 113111999103 181A28 Mn 1$11%n1510@ hole hopping anad

Conductivity (S/cm)

Temperature ( 0C)

d‘ 1 o ~ [ a
19 429 waasmmsih ddwisunugaungiives SrFe, Mn O

X TE

5 (x=0-1)

443  mmsinldihvesYaq sr,Fe, Co0,,, (x=0-1)

517 4.30 ugasnrmsih A uiisunvgurglives SrFe, Co 0, (x =0-1)

u

a

d' J o = v 4! v o
1 431 naasmmsi I wieudugangiives SrFe, Co 0, (x = 0.4-1) Fadnvaznsi

U

1 v 2 1
Tidumideutumsilszneudu o Anar ¥neuniii As davazmsii Iihuuuaisia

[
=

nihlussgungiiszuis 200-400°C nagilasudnyaznisi i l)dunuy Tangd

SBe

4

angigaiuszminldnded i 18Uas Co Tusuna x = 0.2 sgfidmsi Inihganiians

()]

=), o

1 o Vv { a 1 )
U A0 Sr,Fe,0,,; Taetiamaii I duniny 48.19 S/em Ngmvigil 400°C nan1s Tadae



83

Aa 1A 2 g VW v o ' o >
Co lulSuamminaudlu x midu 04 0.6 0.8 uaz 1.0 nauiilvaimsiinidanas Ml

a

4 (2 a { A g o a )
1109913 181428 Co TutlSunamnniuir1snsina hole hopping anas uazinlngavgi
v 1 P4 1
mnanslasunasdnyaznisiir 1l (Transition temperature) gaiudnaa0 d931/7 4.31
malasuudasdnvaznisiir Iifhves soFe, Co,0,. (x=0.4-1) 9204 U529 500 - 600°C
1 [ a ) Lﬂ' 1 t:‘ Q' d? = 09/’ =
uazwu Tugrsgungil 300 - 450 °C M5t Iz asineunazTugeiudnasaouns

aarnilszanal 500 - 600°C Amsin Wi dazanas

£l QU

50T

30°

Conductivity (S/cm)

Temperature (OC)

10 430 uaasmmsih ihifeniuguugiives srFe, Co 0, ; (x = 0-1)



84

3.5F

250

Conductivity (S/cm)

Temperature ( 0C)

1 431 saasmmai ihfeiuguuigiives SrFe, Co .0, ; (x = 0.4-1)
\J o U
444  mmainldihvesTag sr,Fe, Ni. O, (x=0-1)
dmFums Talare Ni Tudunia Fe ludag srfe,0,., Tanbmgnsiiliih

a

1 = [ [ d! (% L:' 1 ) ti'
IFUREINUAUAS StFe, Co,0,.5 (x = 0-1) Fauaneasg 4.32 ugasmmai luihngungi

QU

100-800°C ¥4 Sr,Fe, Ni O, (x = 0-1) Ia# Sr,Fe, Nij,0,. ¥mslasuuilasanyauznisi

7+0

"Mﬁ"uqmihmsﬁyugm Sr,Fe,0,,5 Lﬁﬂﬂ’aﬂiﬂmﬁﬂsﬁuiwﬁuqmwgﬁ 400 - 450°C 1azAIMIUN
Iiihgafigamiiu 50.04 S/em figuivigl 410°0C dmSumstiivdSuams T8 Ni @i x =04 -
Lo wuimldmmsii ldfhanasazi Ifguugififamsulasunlasdnymznisih
1911 (Transition temperature) g 43 U1 ¥ 01fu Tagrziddoudnyaznisia llihd

il 400 -450°C 1ilusegaingil 500 - 600°C

Qq U a

'
aA o

vinauiamsnlasumlasdanyugnmsi i wodguugidnii ldinans

nasuntasdnuazmai lihwesarsdsznoundn srFe,0,., fio 350°C 113181420 Mo

7+0

a

o { v o A 4 2]
Mn W Couaz Ni iildgangiimsulasundasdnvazmsih Iddunuiu TaonisTaldae
1 1 1 a o [ (9
Mo W Co Niuaz Mn#x=08uag 1.0 oglusieguugil 500 - 600°C d1v5ums Iadae
. A A o Y a A @ o
Co Az Nil x =02 4ag Mn 1 x=0.2-0.6 9z 1guuginmsnasuuilasdnyuznisin

A d? < 9 A 1 [} a
Tufumvauaniosnvedlusiegungi 400 - 450°C



50

401

300

Conductivity (S/cm)

20

101

Temperature §e)

517 4.32 vaasammai lWihifeusugungiives SrFe, Ni O, (x =0-1)

7+8

15

10 -

Conductivity (S/cm)

Temperature (OC)

311 4.33 waasmmsih i wisunugungiives Sr,Fe, Ni 0, (x = 0.4-1)



86

vinmsdanmansi ldihvesiag srFe,0,., wundrladuazlsuiansTalae

T+d

dawaaoninsti lWihuinnhanurunineesiag nevunamsu e INHANITNANGY
] ' ) { & < A 1 o
paasliiviudims Iaddae Ni 15 x = 0.2 Hvwamnswannini x = 1.0 uaaimsi Tl

FINWN

= U Y} d' Y (Y} d'd U ) d'dd‘
4.5 fﬂ‘iﬂﬂ‘H1ﬂ1ﬂﬁGIIEJ121?13!1!6\1%1ﬂﬂ’ﬂ&liﬂumﬁ)Q’Jﬁﬂ‘i’lﬂﬂ]ﬂ]i%ﬂi"lﬂ]ﬂﬂﬂﬁﬂ

Q

% d‘d 1 o
0205.5 BALITANUAINITUI
9

o w a A o <
aluaay Tﬂﬂ%uﬁmmummﬂﬁamﬂu

v dar dad ao da .
Jagiiaimsi ldihaangaluauiseiife seFe, Ni
= =
Tuf@seauife srFe, Co,,0,.; a2 Sr,Fe,0,.
4 v b4
FUUNAUMIVUFUFIMTOALD VLT IAUIAUNNAANIIAIYLTIAY 200 MPa HAZINININ
{ a IS ) [ o 4 ] a
Nguugd 1220°C 1funan 2 ¥ Tus Jaaimsverednilesninanusoulusieguugi 50-

4 ! H
1000°C ﬁiJ‘]JS$ﬁ1’I‘ﬁﬂ1§"’UfJ'lfJ¢l’J!ﬁﬂ\1fﬂTﬂﬂ’J"IlJ%J’f)L!‘ll@Q?ﬂ'ﬂlma3%uﬂllﬁﬂﬁ1u@1iNﬁ 4.5

v s ] £4 v
A15199 4.5 ﬁﬂJ‘]JiSﬁ‘Vl‘ﬁﬂﬁﬂlfﬂ&l@?tﬁ@ﬁnﬂﬂ’ﬂu%}@u (TEC) %@Q%HQWHW&QLNTNﬁﬂﬁQﬂ!ﬂQN

1220°C 15unan 2 2T

Fulszansmsveredniiosninanudou
Fof06 (x 10%°C ™
50-350°C 350-800°C
St,Fe,0,.;-CG 7.03 13.57
Sr,Fe, (Co,,0,,5-CG 10.31 14.61
St,Fe, Ni, ,0,.-CG 8.46 14.22

910815197 4.5 WDIIN15V818A 1L 09911A NSO UUBI Sr,Fe,0,,,-CG SrFe,

T+

C0,,0,.5-CG 1ag Sr,Fe, Nij,0,.,-CG UNM3uegd1Nana1anued NFauao15197e 1599

78
gunQi 50-350°C uagN¥19gun gl 350-1000°C Fan151)dsunasaanarniilian

4 W 1
dulszaninmsversdniloaninaudeu (TEC) 1ana1anY a1 TEC o4 Sr,Fe, Nij,0,.5-

[ [ k4 [ [
cG atimmarih Idihgefigaiuiian TEC 01 50 - 350°C M1 8.46 x 10°°C ' wag TEC 91350 -
tnani liian

800°C 1911171 14.22 x 10C " nagwu31n15 181A20 Co naz Niaslu SrFe,0,.

[ Y
TEC U0 IaaiiNuay
) [ 9 wva ) 9 = Y A v adg 4
115U 19971 SOFC autid TEC voedaque Tuadesin lndifesiudianIns lad
3 A o P Vo o ad o '
FIDINT WUV INTH MNFITTO! (2552) WUNA1 TEC v097d9dianIng lad La,Mo,0, a1

MY 15.25 x 10°C ' #afimIndifesy TEC ¥4 Sr,Fe, Co,,0,, -CG 11ag Sr,Fe, Ni 0., -CG

7+5 ER



87

4.6  MIANYAVIBNBIATUVD Fe Aanatin XANES
INAUA XANES (X-ray Absorption Near-Edge Structure) Wun1sfnyiia f) Tagodo
wAa A v adg P 1 @ ~ A I @
ﬁﬂﬂ@ﬂ’lﬁ@ﬂﬂaui\iﬁlaﬂcﬁ G]f\iﬂ’lwa\‘l\ﬂuﬂellﬂﬂﬂ'ﬁ@ﬂﬂau (Edge energy : EO) lﬂuaﬂymglﬂw'lg

1 y a Y 1T @ d [} y 1 1T W
YIUAALTI9 TUNIUNDEABUNADIULOONFIATUININUGUS AWAINUN Edge 9z TAUMAY

1 v

{ ad 1 @ { 4 4 a @ 1
mwawm%mﬁmmmmaﬂmau uazmwawmﬁ Edge ﬂzqﬁmﬁammaaﬂmmwmwﬁu

4
v v

= 9 a = a [ Y = =1
auiudeauisalfmatia XANES lumsAnyuaveengaduvedlessuld laslSeuioun
AMNAIUN Edge
d‘ [ d' A
910319 434 uaaaa11/nasy XANES 7l Fe K-edge ¥930150103§1U A9 FeS 11ag

=~ = o A o <Y an . Y] o A a
Fe,0, 113811fi0unY Sr,Fe,0, ; NTUATIZHAL8T Citrate gel HAUKMAR Ty NQUN 71l

7+8

£ = a v . v 1 o Y = = (3 '
1200°C B4 1UMSANBUAVODNFIATUVDY Fe-ion "U@Qﬂ"]iﬁ'J'E'Jﬁﬂ\'iﬂ’lhlﬂiﬂmﬂiﬂlllﬂﬂllﬁ'llﬂ’il‘l\‘]

WaUAUE151A5g U 1A 3 9a Ao WATUNAWNUS (D) Fe pre-edge (V) WA IUNVOUNS

v
v A

@ { @ QSJ‘ v Jdo
AANAY E, 1az (A) Wa9a1ui Main peak TA8WAIIUNG 3 98 @ w150n1 Id1noywusaauf

1 vosmlnasy XANES awudaalugii 435 Tagdwmii (n) Ao Amasanuiigadassninia

[

@ v do ! . 1 1w o [ 1 J 1% ) ]
LLSﬂﬂULﬁH@]iQﬂHWH‘EﬁT U 1 NUAVNINY 0 ST UAUKUS (v) ﬁﬁ] ATNANTUAITIA NN UN

o [

J o ! o ] ' v ! (g ' [
goAgIgAYDINT MO YN UTA RN 1 tazd il (A) Ae MNasURgadaTzHINTiagegany

| 9

Y o Jdo o A A o = = o ] [ [
LHUATIDYANUTAIAUN 1 NUAUNIND 0 M5 UMY oUNIUA M UINAIIUA VAT

E4
= ]

s uauddTeiiog 9@ 11m s Fe pre-edge 11199910N15MAQ0 U Berry et al. (2003)

[ 4

1 o o 4 1 [ { o ] o [ a @
WUANNTUNUTIZHINNAIUNA UK pre-edge IANMUFUAUTAVIAVODNFIAT UV

3 I Y 1 o A
AN UL LT UATININN AT UIDY 9



Normalized Absorption

(v) ]
05" M ]
i \ ]
0r .
_05 : L L L | L L L L L L L L L L L L L L L L L L L
7080 7100 7120 7140 7160 7180 7200
Energy (eV)

317 434 a11lnasy XANES 7 Fe K-edge 18915110391 FeS uag Fe,0,

v 4
1A EIIAUATIEN St,Fe,0, 5

0.1 —
L (m) i
0.08 - 7
0.06

0.04

0.02

Derivative of normalized absorption (a.u.)

st

L | L L L | L L
7140 7160
Energy (eV)

-0.02 — : —
7180 7200

7100

7120

[
=

1 4.35 eyius§eun 1 vesanlnasu XANES #i Fe K-edge

q

o 4
VOIETAUATIEH Sr,Fe,0, 5



89

93107 4.36 4.37 uaz 4.38 uaasanaiy XANES 91 Fe K-edge Y94 Sr,Fe, Mn O,

. o t o Y @ §
Sr,Fe, C0,0,.; 118z Sr,Fe, Ni O,; (x =0-1) ey saduna laimdsnuiiveumsganau

7+d
WenSeuifeufuasnasgiu Fes AlFdmsudadamdsanves ke uas Fe,0,i 11T ums
WMATTIUF MU0 INAIUYDY Fe'’ W‘uﬂwﬁmaéiwﬁmﬁﬁwﬁaﬁmm Feduiingmld
SansdunsnenTinuendadiuia Fe uaz Fe' naufi u1aznasad 4.6 nuismgan
HAMNUS Fe pre-edge YDITA15A206199¢ T NIATNAINIUYDIA1581999 AD 7114.1 D9

7116.7 eV

Normalized Absorption

_1 I L L L 1 L L L L L L L L L
7100 7120 7140 7160 7180 7200

Energy (eV)

31091 4.36 a1Jneiu XANES 91 Fe K-edge 0361311915514 FeS 1ag Fe,0,

uazasduATIZH Sr,Fe, Mn O, (x = 0-1)



Normalized Absorption

FeS A

_l L
7080 7100 7120 7140 7160 7180 7200
Energy (eV)

3191 4.37 anJneiu XANES 91 Fe K-edge 03613010514 FeS 1ag Fe,0,

HazesFUASIZH Sr.Fe, Co.0..; (x = 0-1)



91

Normalized Absorption
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T+

4 Fe K-edge Parameter
¥oAI0E1

(pre-edge (eV)) R-factor Weighing (Fe” :Fe’)
FeS 7114.10 - 1 0
Fe,O, 7116.71 - 0 1
Sr;Fe, 0.5 7115.67 0.0083 0.25 0.75
Sr,Fe, Mn,,0. s 7115.65 0.0099 0 1
Sr,Fe, Mn 0,5 7115.45 0.0092 0 1
Sr3Fel.4Mn0.6O7i5 7115.41 0.0087 0 1
Sr,Fe, ,Mn, 0.« 7115.46 0.0071 0 1
Sr,FeMnO., 5 7115.76 0.0073 0 1
Sr;Fe, (Co,,0,.5 7115.94 0.0097 0.45 0.55
Sr;Fe, (Co,,0,.5 7115.90 0.0092 0.06 0.94
Sr;Fe, ,Co, 0,5 7115.88 0.0098 0.11 0.89
Sr;Fe, ,Co, 0.5 7116.19 0.0096 0.12 0.88
Sr;FeCoO, 5 7115.76 0.0097 0.03 0.97
Sr,Fe, Ni;,0,.5 7115.87 0.0053 0.44 0.56
Sr;Fe, [Niy 0,5 7115.96 0.0125 0.14 0.86
SrFe, ,Nij (O,5 7115.85 0.0089 0.16 0.84
Sr;Fe ,Nij(O,.5 7115.81 0.0070 0.17 0.83
Sr;FeNiO, 4 7115.48 0.0083 0.18 0.82
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Dann, 5., Dept. of Chemistry, Univ. of Southamptan, Highfield, England,
UK., Private Communication (1394)
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Pattarn ; (00-052-1252 Radlation = 1540800 Quality : Kigh
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NE7E B 1 1 0
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£38e 15 ¢ 0 10
45682 35, 2 0 0
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65289 3 2 0 1¢

Lattice ; Body-centered fetragonal * Mol weight = 566.74 %ez 0 o2 2 0

85.G.: immm (139) Votume {CD] = 324.00

a= 398700 “Dx= 2805

¢= 2058800

Sampte preparation: Mo 03, Mo and Sr O were ground, pressed and
reactad under vacuum for 24 hours at 1000 C. !
Data colfection fiag: Ambient,

Steiner, U., Reichelt, W., Z. Naturforsch., B: Chem. Sci., volume 53, page

110(1998;
Radiation : CuKa Filter : Not specified
Lambdz: 1.54180 d-sp: Diffractometer

SS/FOM : F13= 50(0.0079,33)




104

Pattern : 01-074-1100 Radiation = 1540600 Quality : Calculated
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Physical Properties of Sr;Fe,.xC0,075(x=0-1.0)
as SOFC Anode

Palin Sittipon™® and Sutin Kuharuangrong'®

School of Ceramic Engineering, Suranaree University of Technology, Nakhon Ratchasima 30000,
Thailand

Ipalin@asianinsulators.com, "sutin@sut.ac.th
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Abstract. The Ruddlesden-Popper (RP) compounds, SrsFe,0;5 RP n = 2, were synthesized by
citrate gel method. Co was selected as dopant and substituted on Fe-site. Thermal decomposition
behaviour and phase analysis of Sr3Fe: Coy07.5(x =0 - 1.0) were characterized using Simultaneous
TGA-DTA analyzer (STA) and X-ray diffractometer (XRD), respectively. The result showed a
single phase obtained from the doped compositions after calcination at 1200°C. The microstructure
of sintered compositions characterized using Scanning Electron Microscope (SEM) showed the
porous structure as a requirement for anode material. The highest electrical conductivity in this
work was obtained from Sr;FeCoO;;. The oxidation states of Co in Sr;Fe; yCo40O75 compositions
mvestigated by X-ray absorption near edge structure (XANES) technique were found to be +2 and
+3 due to the Co K-edge energies existing between these of Co™ and Co’™.

Introduction

The requirement of solid oxide fuel cell (SOFC) anode is good electronic conductivity in
reducing atmosphere. Pure porous metal (N1, Pt or Ru) can be used as anode because it has high
electrical conductivity at 25°C (Ni ~138x10* S/cm) [1]. But the main problem of these materials is
thermal mismatch with yttria stabilized zirconia electrolyte (YSZ). To eliminate this problem,
NIU/YSZ cermet is used as an alternative material. The carbon deposition [2, 3] and high corrosive
rate by sulfur [4] are another problem for pure metal and cermet anode when use in hydrocarbon
fuels. One of attractive anode oxide material is perovskite oxide which has a good chemical stability
but its electrical conductivity is too low for intermediate-temperature SOFC (~700°C). For example,
the electrical conductivity of StMng sNbg 5055 1s 1.23 S/cm at 900°C [5].

The Ruddlesden Popper (RP) phase has been recently studied as a candidate electrode material
for IT-SOFCs. This RP phase with a general formula of (AO)(AMOs3), consists of n number of
AMO; perovskite blocks, separated by AO rock salt [6].

SrsFe,0,5 is one of attractive RP phase used as anode material for IT-SOFCs because it has
thermodynamic stability, no phase transition within working condition and mixed electrical
conductivity [7, 8]. This material can be synthesized by conventional solid state reaction method [9]
but this method requires high sintering temperature at 1350°C and a long soaking time for 75 hr.
Citrate gel method is an alternative method to achieve a lower sintering temperature and a shorter
period of soaking time [10]. The electrical conductivity of Sr3Fe;07; can be improved by doping
with the multiple valence cation, i.e Ni [11], resulting in the hopping conduction of Fe*™ and Fe'’
Prado and Manthiram [12] studied physical properties of Sr3Fe; yCo,O75(x = 0 - 0.8). They found
that the substitution of Co for Fe decreased the lattice parameter and enhanced the electrical
conductivity.

In this work, Sr3Fe; xCox075(x =0 - 1.0) compositions are synthesized by citrate gel method and
the valence state of Co ion in these materials is determiuned by x-ray absorption near edge structure
(XANES). In addition, the microstructure and electrical conductivity are investigated.
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Experimental procedure

Sr3Fe; Cox075 (x = 0-1.0) were prepared by citrate gel method. Sr(NO;),, Fe(NOs);*9H;0,
Co(NO;),*6H,0 as starting materials were weighted and dissolved in deionized water. After
mixing, an aqueous of citric acid (1.5 mol of citric acid per 1 mol of total cation) was added to the
mixture and then heated on a hot plate until the mixture burnt to obtain dark residue. The residue
was ground and calcined in air.

The thermal decomposition behavior of residue powder was performed using a Simultaneous
Thermal analyzer (STA, TA Instrument). The phase formation of calcined Sr;Fe; xCoxO75(x =0 -
1.0) powder was analyzed via X-ray diffractometer (XRD, Bruker D5005). The calcined powder
was pressed into pellets with cold isostatic press (CIP, Kobelco Dr CIP) under a pressure of 200
MPa and sintered in air at 1220°C for 2 hr. The microstructure of the sintered specimens was
characterized by scanning electron microscope (SEM, Jeol JSM-6400). The data of electrical
conductivity were collected from 100 - 800°C by 4-point probe method. The Co K-edge XANES
spectra were recorded from Beam line 8 at Synchrotron Light Research Institute (Public
Organization). The spectral data were collected in transmission mode using Ge (220) double crystal
monochromator with a scan step size of 0.25 eV and step time of 1 s in air atmosphere. Co foil was
used as reference for energy calibration at the first inflection point of 7709 eV. Co,0; and CoO
were used as references for Co’” and Co”".

Result and discussion

The thermal behaviour of Sr;FeCo0O;_; powder investigated by DTA/TG analysis is shown in Fig.
1. The result indicates that the thermal decompositions occur in five steps at the temperature ranges
of 100-200°C, 300-400°C, 400-500°C, 500-600°C and 900-1000°C. The reaction peak at 100-200°C
1s attributing to CO, and moisture in air. The reaction is complete at 1000°C according to no
reaction peak above this temperature. However, the actual calcination temperature to obtain a single
phase is 1200°C with a soaking time for 2 hr.
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Figwe 1. STA traces of residues for Figure 2. XRD patterns of SrsFe; zCoy075(x
SrsFeCoO7; = 0-1.0)powders calcined at 1200°C for 2 hr

The XRD patterns of all calcined compositions are shown in Fig. 2. The result indicates that the
crystal structure of the Co doped materials is isotropic with a similar structure as SrsFe,O7 5 (JCPDS
082-0415).

Fig. 3 and Table 1 represent SEM micrographs and average grain size of sintered compositions.
All specimens show a porous structure allowing gas to transport to the all particles, which is the
requirement for SOFC electrode. The average grain size of sintered SrsFe;O75 is 3.69 um (stdv.
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1.34 pum) as shown in Table 1. The substitution of Co into Fe site tends to increase the grain size of
S1;3Fe;075 as illustrated in Fig. 3b-f. The grain size of Sr;FeCoO7; increases to 10.94 um (stdv.

3.41 pm).

Figure 3. SEM micrographs of sintered pellets for (a) SrsFe;07.5, (b) SrsFey 5C002073, (¢)
SrsFe; 6C09.407.5, (d) SrzFe; 4C0 6075, () SrsFe; 2Cog 075 and (f) SrsFeCoO75

Table 1. Average grain size of sintered pellets for Sr;Fe;O75, Sr3Fe; 5C0p2075, Sr3Fe; 6C00407,

SI'3F61_4C00_607,5, SrgFel_QCOO_g()?,a and SI'3F€COO7,5

Materials Average grain size (1m) Standard deviation (pum)
Sr3Fe 045 3.69 1.34
Sr;Fe; ¢Cog5075 385 1.40
SI';FC 1 ,6C00,407_5 5.15 1.78
SI'3FC 1 _4C00_607_5 5.74 1.39
SrgFel_QCOO_gO]',a 6.87 191
Sr3FeCo07; 10.94 341

The electrical conductivities for all composition are shown in Fig. 4. The electrical conductivities
of Sr3Fe;xCox075 (x = 0, 0.2, 0.4, 0.6, 0.8, 1.0) at 600°C are 13.8, 25.7, 23.2, 18.8, 12.4 and 39.1
S/em, respectively. The maximum electrical conductivity is 51.6 S/cm at 365°C., which obtained

from Sr;FeCoO;.

Fig. 5. shows the Co K-edge spectra of C0,0;, CoO, SrsFe; 075 and Sr3Fe; ,Co075 (x=0.2, 0.4,
0.6, 0.8, 1.0). This K-edge is related to metal electronic transition and the onset of this position has
been used to determine the valence state of Co for this work. The main peak positions of Co K-edge
for all compositions are between those of Co,0z and CoQO. However they are close to the K-edge
energy of CoO, indicating the higher amount of Co”" than Co®™ in SrsFe,xCoxO7.5. The separation
between the K-edge positions for Co’” and Co”” obtained from C0,05 and CoO1is 3.3 eV,
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Figure 4. The electrical conductivity of Figure 5. The Co K-edge XANES spectra of
Sr3Fe; xC0o5075 (x = 0-1.0) Sr3Fe,075, S13Fe; (Co,075 (x = 0-1.0)
including Co,0s, CoO as reference.
Conclusion

Sr3FerxCox075 (x = 0-1.0) compositions have been synthesized by citrate gel method. After
sintering at 1220°C for 2 hr, all specimens show a porous structure with average grain sizes of 4-10
um. The electrical conductivity of Sr;Fe;07; increases with the substitution of Co. This is caused
by the increasing of the hopping conduction of Fe*" and Fe'™ from a partial substitution of Co in Fe-
site. The valence states of Sr3Fe;xCoz075 (x = 0.2, 0.4, 0.6, 0.8, 1.0) determined from XANES are
mixed states of +2 and +3.
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PHYSICAL PROPERTIES OF RUDDLESDEN POPPER OF
SriFe, xMn,0- ; (X = 0.2, 0.4, 0.6, 0.8, 1.0)

P. Sittipon*, S. Kuharuangrong

School of Ceramic Engineering, Suranaree University of Technology, Nakhon Ratchasima,
Thailand

Abstract

The Ruddlesden-Popper (RP) compounds are prospective anode materials for
intermediate-temperature solid oxide fuel cell (IT-SOFC) due to their high electrical
conductivity and chemical stability as compared to perovskite or metal anode materials.
In this work. Sr;Fe;07; RP n = 2, was synthesized by coprecipitation method. Mn was
selected as dopant and substituted in Fe-site. Thermal decomposition behavior and phase
formation of SrsFe, MnyO75 (x = 0.2, 0.4, 0.6, 0.8, 1.0) powder were characterized using
Simultaneous TGA-DTA analyzer (STA) and X-ray diffractometer (XRD). respectively.
The result showed a single phase obtained from the doped compositions after calcination
at 1200°C. The microstructure of sintered compositions characterized using Scanning
Electron Microscope (SEM) showed the porous structure with the average grain size of
2-4 pm. The highest electrical conductivity can be obtained from Sr;Fe;O7;5 The
valence state of SrsFe,07; and all doped compositions investigated by X-ray absorption
near edge structure (XANES) technique was found to be +2 and +3 due to the energies of
Fe K-edge existing between Fe’" and Fe* identified from FeSOy and Fe,Os as reference
materials.

1 INTRODUCTION

The pure porous metal (Ni, Pt or Ru) used as anode solid oxide fuel cell (SOFC) has high
electrical conductivity at 25°C (Ni ~138x10" S/cm) [1]. The main problem of these materials
is thermal mismatch with yttria stabilized zirconia electrolyte (YSZ). Another material to
eliminate this problem is NI/YSZ cermet. It has a good thermal compatibility with YSZ but it
is unsuitable when use in hydrocarbon fuels because of carbon deposition [2,3] and high
corrosive rate by sulfur [4]. One of aftractive anode oxide material is perovskite oxide. It has a
good chemical stability when use with hydrocarbon fuels but the electical conductivity of
pervoskite oxide is too low for intermediate-temperature SOFC (~700°C). For example, the
electrical conductivity of StMn, sNby sO;_5 1s 1.23 S/cm at 900°C [3].

The Ruddlesden Popper (RP) phase has been recently studied as a candidate electrode
material for IT-SOFCs. This RP phase with a general formula of (AO)(AMOs), consists of n
number of AMO; perovskite blocks, separated by AO rock salt [6].

Sr;Fe,07; 1s one of attractive RP phase used as anode material for IT-SOFCs because it has
thermodynamic stability, no phase transition within working condition and mixed electrical
conductivity [7, 8]. This material can be synthesized by conventional solid state reaction
method [9] but this method requires high sintering temperature at 1350°C and a long soaking
time for 75 hr. Coprecipitation is an alternative method to achieve a lower sintering
temperature and a shorter period of soaking time [10-12]. The electrical conductivity of
Sr3Fe;075 can be improved by doping with the multiple valence cation, i.e Ni [13], Co [14],
resulting in the hopping conduction of Fe*™ and Fe**.

In this work, SrsFe; MnO7;5 (x = 0.2, 0.4, 0.6, 0.8, 1.0) compositions are synthesized by
coprecipifation method and the valence state of Fe ion in these materials are determined by x-
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ray absorption near edge structure (XANES). In addition, the microstructure and electrical
conductivity are investigated.

2 EXPERIMENTAL PROCEDURE

SrsFe, MnO75 (x = 0.2, 0.4, 0.6, 0.8, 1.0) were prepared by coprecipitation method [12].
Sr(NOs),, Fe(NO;);*9H,0, Mn(NOs);*4H,0O as starting salts materials were weighted and
dissolved in deionized water. An aqueous of (NH4)>COs, (1.5 mol per 0.2 mol of total cations)
was heated on a hot plate, stirring and kept at 70°C. The mixed salt solution was added to
(NH4),COj3 solution by 5 ml/min. The resulting suspension was aged at 70°C for 30 min. The
residue was washed 3 times by deionized water and dried in oven at 120°C. The dried residue
was ground and calcined in air at 1200°C for 5 hr.

The thermal decomposition behavior of residue powder was performed using a
Simultaneous Thermal analyzer (STA, TA Instrument). The phase formation of calcined
SrsFe; :MngO75 (x = 0.2, 0.4, 0.6, 0.8, 1.0) powder was analyzed via X-ray diffractometer
(XRD, Bruker D5005). The calcined powder was pressed into pellets with cold isostatic press
(CIP, Kobelco Dr CIP) under a pressure of 200 MPa and sintered in air at 1220°C for 2 hr. The
microstructure of the sintered specimens was characterized by scanning electron microscope
(SEM, Jeol JSM-6400). The data of electrical conductivity were collected from 100 - 800°C
by 4-point probe method. The Fe K-edge XANES spectra were recorded from Beam line 8 at
Synchrotron Light Research Institute (Public Organization). The spectral data were collected
in transmission mode using Ge (220) double crystal monochromator with a scan step size of
0.25 eV and step time of 1 s in argon gas atmosphere. Fe foil was used as reference for energy
calibration at the first inflection point of 7112 eV. Fe,O; and FeSO, were used as references
for Fe*” and Fe™*.

3 RESULTS AND DISCUSSION

The thermal behavior of SrsFeMnO7 5 powder investigated by DTA/TG analysis is shown in
Fig. 2. The result indicates that the thermal decomposition occurring in three steps at the
temperature ranges of 200-300°C, 600-700°C and 900—1000°C. The reaction is complete at
1000°C according to no reaction peak above this temperature. However, the actual calcination
temperature to obtain a single phase is 1200°C with a soaking time for 5 hr.

The XRD patterns of calcined SrzFe;  MnO7;5 (x = 0.2, 0.4, 0.6, 0.8, 1.0) compositions are
shown in Fig. 3. The result indicates that the crystal structure of the Mn doped materials is
isotropic with a similar structure as SrsFe,O7 5 (JCPDS 082-0415).

Fig. 4 represents SEM micrographs of sintered SrsFe;O75 — SrsFeqpsMng.07.
SrsFe; ¢Mng 407 5, SrsFe; 4Mng 07 5 SrsFe; 2Mng 507 5 and SrsFeMnOy7 5. All specimens show a
porous structure allowing gas to transport to the all particles, which is the requirement for
SOFC electrode. The average grain size of sintered Sr;Fe,O7; 1s 4 um as shown in Fig. 4a.
The substitution of transition metal into Fe site tends to reduce the grain size of Sr;Fe,075 as
illustrated in Fig. 4b-f. With 50 mol% Mn substitution, Sr;FeMnQ;;, the grain size decreases
to 2 pm.
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Figure 3: XRD patterns of SrsFe, Mn,O75 (x = 0.2, 0.4, 0.6, 0.8, 1.0) powders calcined at

1200°C for 5 hr.
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Figure 4: SEM micrographs of sintered pellets for (a) SrsFe;O7;, (b) SrsFeqsMng»07;, (¢)
SI'jFC],ﬁMIJ{)AO?_ﬁ, (d) SI'3FC|,4L/I.H0,607_5, (e) SI'3PC],3MH¢1307_§ and (ﬂ SI'3FCIVIIIOT_,5

The Arrhenius plots of electrical conductivity for Sr;Fe,O;5 SrsFepsMng 07,
StsFe; Mng 4075, SrsFeq sMng 6075 SrsFe; 2Mng 5075 and SrsFeMnO5 5 are shown in Fig. 5.
These data show that electrical conductivity decreases with the increasing substitution of Mn.
This is due to the reduction of the hopping conduction of Fe** and Fe’" from a partial
substitution of Mn in Fe-site. The electrical conductivities of Sri3Fe,07;, SrsFe;eMng-073,
SI’;FELGMHQAO',LS, SI";FCLMH(),GO?,SY Sr;FelrzMno,gO—,:,.s and Sr;FeN[nOM at 7OOOC are 1064,
7.44,8.45,5.35, 1.64 and 0.98 S/cm, respectively.

Fig. 6. shows the Fe K pre-edge spectra of Fe,0s, FeSQ,, Sr;Fe;07 and SrsFe; . MngO75 (X
=0.2,0.4, 0.6, 0.8, 1.0). This pre-edge is related to metal electronic transition and the onset of
this position has been used to determine the valence state of Fe for this work.
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Table 1: Fe K-edge XANES spectra of Sr;Fex075,  SraFer  Mn,O75(x=0.2,0.4, 0.6, 0.8,
1.0) including Fe,Os, FeSQ, as reference.

Powder Fe K-edge
(pre-edge (eV))
FeSO, 7113.01
Fe, 05 7114.61
Sr;Fe, 04 7113.95
SriFeq sMng 2075 7114.09
Sr;Fey Mg 4075 7114.04
Sr;Fe, .M, ;0. 7114.04
Sr;Feq ;Mn, 5075 7113.97
Sr;FeMnO+_; 7113.97

The values of Fe-K pre-edge for all compositions as indicated i table 1 are between those
of Fe,0; and FeSO,. However they are close to the pre-edge energy of Fe,Qs. indicating the
higher amount of Fe' than Fe?™ in SrsFes Mn.O75 (x=0.2,04, 0.6, 0.8, 1.0). The separation
between the pre-edge positions for Fe?" and Fe*" obtained from Fe,0; and FeSO, is 1.6 eV.

CONCLUSION

Sr3Fe; xMnzO75 (x = 0-1.0) powders have been synthesized by coprecipitation method.
The suitable firing temperature to obtain a single phase of these compositions is 1200°C with
a soaking period of 5 hr. After sintering at 1220°C for 2 hr, all specimens show a porous
structure with average grain sizes of 2-4 pm. The electrical conductivity of Si;Fe,0;;
decreases with the increasing amount of Mn. This is caused by the reduction of the hopping
conduction of Fe* and Fe*™ from a partial substitution of Mn in Fe-site. The valence states of

SrsFesx MnO75 (x = 0.2, 0.4, 0.6, 0.8, 1.0) determmuned from XANES are mixed states of 2+
and 3+.
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Abstract

The Ruddlesden-Popper compounds are prospective anode materials for intermediate-
temperature solid oxide fuel cell (IT-SOFC) due to their high electrical conductivity and chemical stability as
compared to perovskite or metal anode materials. Sr,Fe,0; was selected as based Ruddlesden-Popper
material in this work. All compeositions doped with W, Mo, and Mn in Fe-site were synthesized by mixed
oxide and coprecipitation methods. The calcined temperatures of synthesis powder were characterized by
Differential Thermal Analyzer (DTA) and crystal structures of calcined powder were characterized by X-ray
Diffractometer (XRD). The synthesis temperatures obtained from both methods were the same (1200°C).
However, the repeated calcination is required for mixed oxide method. A single phase can be obtained from

the coprecipitation powder after calcination at 1200°C

Keyword: solid oxide fuel cells, coprecipitation, Ruddlesden-Popper
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