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Direct observation of local structure change for thermochemical fuel production

catalysts and proton-conducting oxides under gas and temperature controlled
condition
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(English)

Electronic structures of Lag ¢Srq.4MnO3.5 and BaZrg gM( 035 (M =Y, Sc) were investigated
using soft X-ray absorption spectroscopy (XAS). The XAS proved that the electronic structure
around oxygen anion of the Lag ¢Sro.4MnQO3.5 changed with formation of oxygen defect. The
XAS observed that the electronic structure around oxygen anion of BaZrygYq:03.5 was
different from that of BaZry gScg.» Os3.;.

2. HERELEB

FHETRE/R = R L X —CTHRE TE DA OBEIINEILAO BETH 5, RO L X — (4T E
AR 13 77U v b, 2060 121340 77 U hEBZ D ERE SN TV D, FRtalie7e =L
X AT LOWEEE Z 2B, 600 77U v k&9 BRIZNWHEE 22 K2 W cshR &
UG « FIAT 200N RERFRE L 7> T D,

FHEATREZR = R L X —FFBR v A T L DO—FIZ , KIGEEYL RS & B LD & IoE A3 58
FoHhbd, KEEEYLFREHRLE TlE, KB &K BRILRENDKFE, BRI AB LA Z R
G TE D, ZOKREREZREEMICHRE T2 2 L THERBITHLEIRICKE=RLF—%2FHL T
HKETEDLH, ESCHFHBMABRZRINVX —FRIATLATHDL, FEaAa L R—x M
Ly« SrMnO;5[1]5° BaZrygY203.5[2-5]1& BELH T 5, A RER(LY D R FTHEE 23 W) B A8 s Mo
0 b ARERE A IRE ST TV D 2 & 32 OEHT ORI B LT 2o TEZN[2, 6],
R & BERESE HL O BRI DWW TORFZEIL /L 7 EHIZ W T H RIS EHE IO W2 1E0 0 T
b5,

B PR RLER BN B3 230 M E, TR - FRE TSI R C 7 = FALER L 72 LageSro4MnO35[1]




® O K-edge D XAS HITEZFTH Z & THAEZZFLEIZHED OV DBEAHEELILE IR ZDHZ ETH D,
70 b AREMEEREICET DIHVNE R =N R ELTA Yy P T A (YY) BEXOAL YT A (Sc)
BN g8 ) ™7 I (BaZrggMoe20ss; M =Y, Sc) 12 O K-edge ® XAS HIEAITH Z L TR
— XV MZED 0N OETHEEDENERADZ ETH D,

3. EBRANE UL EBRGE. MITHEOHH)

Lag 6Srg4MnOs.5 X — FIAEIZ LD %EJ% L/flo %ﬁﬂ% L7= Lag ¢Srg4MnOs %L, /ﬁ(@ 2 /D@%ﬁ:
T T FUNEEITH Z L CHRRBRELEDORL D 2OV 7V AERLL 7=,
241 1400°C, 10 ppm O /Ar ZFHHSK FTLh ML, 7 =>F (LSM-1400°C & #Fd)
{2 1400°C, 10 ppm O /Ar 55 T T 1 h INE% . 800°C, 50% CO/Ar IZHWT 2h AL, 7=
> (LSM-800°C & #7t)

BaZrosMo2035 (M =Y, Sc) (&Y /b—FniEic Lo /ERLL 7=,

T MEK LIORT EHICH—R T =7 LIcBHm L, V7 NARAZ—IZEE LT, XAS H
EEE RSN v 7 a b a U Yeffdet v % — BL12 12T, O @ K-edge = R /LF—FEIKIZ DU T

f1o7 $o 7L

4. EREREEBE
2122 DDV = FLEITEITD LageSrgaMnOgs @ O
K-edge @ XANES A7 kL% 77, 530 eV, 536 eV, 543 eV
fHElicA 6 b e —271EEh £ 0 1s 2> 5 Mn 3d-O 2p, La 5d
/ Sr 4d-O 2p, Mn 4sp-0 2p IRFKHNE ~DEBICH KT 5 v —72
LIFHIE SN DH[7],1400°C TZ = F Li=H 7 800°C T
JxrF LIV 7LD E 0 1s 225 Mn 3d-0 2p ~DiER
WCHXRT 28 —7 OMENED LT D, ZHITmEELAE
FRIZ LD Mn 3d-0 2p DIRFENFHL o lzlobZ B2 b
%, B1 BEELEY T Lokt
3z BaZrygY 2035 L BaZryScg,05.5PD O K-Edge @D XANES
AR "MVETRT, ae D5 OO — 7 BRI, FNE
ALRD X917 S 58],
a:01s 75 O 2p-Zr 4d(tyy) ~ DB
b:0 1s 7% O 2p-Ba5d ~DiER
c:01s 75 O 2p-Zr 4d(eg) ~DiER
d:01s 75 O 2p-Babs ~DiER
e:01s 725 O 2p-Zr 5sp ~DiER
BaZrygSCo203.5 (2T BaZrggY205s 1345 B — 7 BREE A K X

Mn 3d-O 2p/7l Mn 30-O 2p /7
|
|

La 5d/ Sr 4d-O 2p /7

— LSM-800°C
—— LSM-1400°C

Normalized absrobance / a.u.

WZ b . BaZrygY o203 EF'@ Ol BaZrygScy203.5 EF' DO X 520 Sslgner ]e\5/40 550
0 % Zr, Ba L OBEEOEM ISR > TWD Z EBEZ BN ¥
z 2 La0_68r0.4Mn03_5 @ 0

K-edge ™ XANES A7 |/L
5. S%OFE
AEIORNE TIEE Y v 7 VOB FHERE O K E H 7 h 21
T2 LITTEIN, 227 FLD SIN LN | A543 22 fifitT
W2 6NDT =X 356N oT-, X0 fifNT 29
DT, SBIET 7V &R O FEEEO FoaiE b SoR E D
BRI O E 2Rt T 20 ERH 5,

allll

N
T

-
T

Normalized absrobance / a.u.

6. BEM ) . E, — S
[1] C.K. Yang, _Y. Yame_lzak_l , A. Aydin, and SM Haile*, 520 530 540 550 560
Thermodynamic and kinetic assessments of strontium-doped Energy / eV

lanthanum manganites for thermochemical water splitting, J. _ _
Mater. Chem. A 2(2014) 13612-13623. X3 BazrosMo203.5(M =Y, Sc)®

[2] Y. Yamazaki*, F. Blanc, Y. Okuyama, L. Buannic, J.C. O K-edge @ XANES A~7 v
Lucio-Vega, C.P. Grey, and S.M. Haile, Proton trapping in

yttrium-doped barium zirconate, Nature Materials, 12 (2013),
647-651.

[3] Y. Yamazaki, R. Hernandez-Sanchez and S.M. Haile, Cation non-stoichiometry in yttrium-doped barium
zirconate: phase behavior, microstructure and proton conductivities, J. Mater. Chem., 20(2010),




8158-8166.

[4] Y. Yamazaki, R. Hernandez-Sanchez and S.M. Haile, High total proton conductivity in large-grained
yttrium-doped barium zirconate, Chem. Mater., 21(2009), 2755-2762.

[5] Y. Yamazaki, P. Babilo and S.M. Haile, Defect chemistry of yttrium-doped barium zirconate: A
thermodynamic analysis of water uptake, Chem. Mater., 20(2008), 6352-6357.

[6] F. Blanc, L. Sperrin, D. Lee, Y. Yamazaki, S.M. Haile, G.D. Paépe and C.P. Grey, Dynamic nuclear
polarization NMR of low gamma nuclei: structural insights in hydrated yttrium-doped BaZrOs3, J. Phys.

Chem. Lett. 5(2014) 2431-2436.

[71 M. Abbate, F. M. F. de Groot, J. C. Fuggle, Controlled-valence properties of La;,SryFeOz; and
La;.xSrkMnO3 studied by soft-1-ray absorption spectroscopy, Phys. Rev. B, 46(1992), 4511-45109.

[8] D.-Y. Kim, S. Miyoshi, T. Tsuchiya, S. Yamaguchi, Electronic Defect Formation in Fe-Doped BaZrO;
Studied by X-Ray Absorption Spectroscopy, Chem. Mater., 26(2014), 927-934.

7. B3 B Ok AREICEET 5 v E TOREIHRE)
2L

8. F—U—F (k: ABROERSELET 2 Mil% 2~ 3)
BUL AR RHOEAE, 7' b AREERRIE) . X BRI ik

9. MFFERRRABRITOUVWT (1 @ ¥ 2 1CE# LR RO ABRIC oW TOE@D 5 b LA a1 LT
EEW, Fio, WX EHRM) RELE LS X —~OWE, F IR AR A~O RS 2 RA LT 72
VN (2015 4FFEEHEREIT 2017 FEEER A HIR & 720 £97,)

Bl % 4 7T, SR ORSEY OR HEEIC CHRAL EE 0D,

O #wxX (&E®f) BRO#E (R4 . 20184 3 H)




