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Investigation on Effect of Sr Doping on Properties of Protonic Conductor La, Sr.NbO,,

WANG Ling® YANG Xue-Bin ZHOU Hui-Zhu LI Yue-Hua DAI Lei
(College of Chemical Engineering, Hebei United University, Tangshan, Hebei 063009, China)

Abstract: The proton conductors La,_Sr,NbO,,, (0<<x=<c0.02) are synthesized by solid-state reaction and their
properties are characterized. XRD analysis shows that all composition samples are monoclinic structure; with an
increase in Sr doped amount, cell volume becomes big; La,_Sr,NbO,, samples display excellent chemical stability
in boiling water and carbon dioxide atmosphere. SEM analysis shows that after the La,_Sr,NbO,_, powders are
sintered at 1 500 °C for 8 h in air, dense samples with uniform crystalline size are obtained; The Sr doping inhibits
crack formation and excessive growth of crystal grain; with an increase in Sr doped amount, crystal grain size
becomes small. AC impedance spectroscopy analysis indicates that conductivities of LaNbQO, are changed by Sr
doping and among all samples, LaggsSroo0sNbO,_, is of the highest conductivity; the conductivities of the La,_Sr,NbO,_,
samples in humid 5% Hy,Ar atmosphere are much higher than that those in dry air; conductivity of
LaggsStoasNbO,, is 0.003 S-em™ in humid 5% H,-Ar atmosphere at 800 °C and its conducting activation energy
is 0.44 eV.

Key words: lanthanum niobium; Sr-doping; protonic conductor; conductivity; chemical stability
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Fig.1 XRD pattern of La, Sr,NbO,, sintered at 1 500 C

in air for 8 h
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Table 1 Lattice constants of La, Sr.NbO,, sintered at 1 500 °C

Samples alnm b/ nm ¢/ nm V /o
LN 0.555 20 1.154 28 0.519 08 0.332 655 7
LSN0.002 0.557 8 1.154 60 0.519 74 0.333 759 1
LSN0.005 0.556 00 1.154 64 0.519 98 0.333 816 7
LSN0.01 0.556 06 1.154 88 0.520 18 0.333 930 4
LSN0.02 0.556 18 1.155 00 0.520 36 0.334 273
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Fig.3 SEM images of surface of (A) LN, (B) LSN0.002, (C) LSN0.005, (D) LSN0.01, (E) LSN0.02 sintered for 8 h at 1 500 C
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Fig.4 SEM images of cross section of (A) LN, (B) LSN0.002,(C) LSN0.005,(D) LSN0.01,(E) LSN0.02 sintered at 1 500 °C for 8 h
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Fig.5

Complex impedance spectra of LSN0.01 sintered at 1 500 C in humid 5% H,-Ar: (a) 500 °C, (b) 600 °C,

(c) 700 °C, (d) 800 °C and (e) corresponding equivalent electrical circuit
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Table 2 Activation energy of La, Sr,NbO,,, sintered at 1 500 °C under humid 5% H,-Ar

Samples LN

LSN0.002 LSN0.005 LSN0.01 LSN0.02

Activation energy under humid 5% Hy-Ar E, / eV 0.768

0.503 0.438 0.544 0.672

YR A HASHIE T E, S SR AL RE K Bk
T2 8 W8, A g ln(a'T)~lTjQ/zf§ AT R

FHEALRE B2, La, Sr.NbO, , AR TAE 25 C/K IR
) 5% Hy-Ar SR T BTG L BEBUIE 91 T3 2 |
H 2R TP &l Al LA Y 7E 500~800 °CH [El N | Bl &
Sr 15 2% 5 A 15 75 Ak Al 52 PR SN I B K A R
LSNO0.005 HyiE b AE Fe Ik, Jf H Sr #8244 5 1y i 1k
REXI/NT KRB0 LaNbO,,

3 & it

(1) >R 1T e I [ AR B v 61 46 T La,,St,NbO,_,
(0<x<0.02) R4 i 7K ,XRD - Hr& M Fr & 1)
FE b BT BN A5 | b B AR R B Sr 48 2% ik 1 388 in i
HEK, 7E LSNO.02 A b rh i B0 126 — A0 R B Sr 7
LaNbO, A 8} i i % FETE 1mol %A,

(2) SEM 43 #Hr % W] | La,_Sr,NbO,_, Hi K2 1 500
CHELE 8 h Ja A BIBUR Y SR8 51 AR & Sr (1
B2 M T W B AR BE LAY 7 A R R Y 2 BE RS
Bl Sr i35 2% BN SRR /N

(3) La,_Sr,NbO,_, FF i 78 — Ak fiie 4 A i
Krp BB R b R bk

(4) Sr B2 ML T LaNbO, HYHL 536 Hop ke iy
LagoosStoosNbO,_, TF 25 F 4 24 5 A % 3 1 L &
R OFERLAE 25 CCOKIRIBANT 5% Hy-Ar SR T I H
SRS TR R, TE 25 CKIIR Y
5% Hy-Ar A 800 CHY , LageosSroesNbO, , HL 5%
iK% 0.003 S-em™, HLFIGLAE N 0.44 eV,

SE k.

[1] Magraso A, Fontaine M L, Larring Y, et al. Fuel Cells, 2011,
11:17-25

[2] Sammells A F, Cook R L, White J H, et al. Solid State lonics,
1992,52(1-3):111-123

[3] Demin A K, Tsiakaras P E, Sobyanin V A, et al. Solid State
ITonics, 2002,152-153:555-560

[4] Ranran P, Yan W, Lisia Y, et al. Solid State Ilonics, 2006,
177(3-4):389-393

[5] Orera A, Slater P R. Chem. Mater., 2010,22:675-90

[6] Malavasi L, Fisher A ], Islam M S. Chem. Soc. Rev., 2010,
39:4370-87

[7] Gorbova E, Maragou V, Medvedev D, et al. J. Power Sources,
2008,181(2):207-213

[8] Tao S W, Irvine J T S. J. Solid State Chem., 2007,180(12):
3493-3503

[9] Kumar R V. J. Alloys Compd., 2006,408-412:463-467

[10]Omata T, Fuke T, Otsuka-Yao-Matsuo S. Solid State lonics,
2008,179(21/22/23/24/25/26):1116-1119

[11]Magras6 A, Haugsrud R, Norby T. J Am. Ceram. Soc.,
2010,93:2650-2655

[12]Mather G C, Fisher C A J, Islam M S. Chem. Mater., 2010,
22:5912-5917

[13]Norby T. Solid State lonics, 1999,125:1-11

[14]Mokkelbost T, Kaus I, Haugsrud R, et al. . Am. Ceram.
Soc., 2008,91:879-886

[15]Brandao A D, Mather G C, Kharton V V, et al. J. Solid
State Chem., 2011,184(4):863-870

[16]Solis C, Serra J] M. Solid State lonics, 2011,190(1):38-45

[17]Haugsrud R, Norby T. Nat. Mater., 2006,5:193-196

[18]Haugsrud R, Norby T. Solid State lonics, 2006,177:1129-
1135

[19]TIAN Li-Yu(F # %), YU De-Li(T#&F]), LIU Shu-Qin(X!
WU, Chin. Global Geol.(# 536 ), 2008,27(3):323-328

[20]Brandao A D, Antunes I, Frade J R, et al. Chem. Mater.,
2010,22:6673-6683

[21]Fjeld H, Kepaptsoglou D M, Haugsrud R, et al. Solid State
ITonics, 2010,181(3-4):104-109

[22]Neumann A, Walter D. Thermoch. Acta, 2006,445:200-204

[23]Huse M, Norby T. Inter. J. Hydrogen Energy, 2011,37(9):
8004-8016

[24]Guo X, Rainer Waser. Prog. Mater. Sci., 2006,51:151-210

[25]Zhang ] C, Wen Z Y, Huang S H, et al. Ceram. Int., 2008,
34(5):1273-1278





