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cla fEH¥E K, /R T AN E-T 700~1000 °Cid 5 A
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500 ‘Cidt Jii 1~ 2, {H 600 CidJ5iEN N H 46
HER A VAR G, FL7 A i R (R RE 2 T s B TSR 11 A
o MR B R A SR T AR AR,

2 TR 7 AR ek N (P RR A TR K] o B 25 3 JiR Ak
PR BEAH A 1000°C, B f S ER B ETAR L, 4
IR, Li ERNA, 4id 500~1000 CikJF AbHE
JG, LCM @R 357 S5 M N IE AR 458, % (Al
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Table 1 Lattice parameters of LCM that reduced at elevated temperatures

Temperature/°C 7 a/A b/A c/A VIA3 bla cla
500 1.451 55159 7.8110 5.5304 238.2755 14161 1.0026
600 1.454 55147 7.8049 5.5302 2380291 1.4153 1.0028
700 1.467 55168 7.8044 55297 238.0830 1.4147 1.0023
800 1677 55180 7.8060 55296 238.1793 14146 1.0021
900 1.650 55210 7.8039 5.5302 238.2705 1.4135 1.0017
1000 1.380 55219 7.8039 55306 238.3266 1.4133 1.0016

XZ is goodness of fit; V is cell volume; a, b and ¢ are lattice constants.
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2p» O 1s. Sr3d XPS ifHIgilE 4R
Table 2 Peak fitting results of Mn 2p. O 1s. Sr 3d XPS
spectra of LCM7H, LS01CM7H, and LS02CM7H

xvaue  aMN*NMN*)  n(Oa)/N(Otaic)  N(Siatice) N(Srurfoce)
0 0.575 1.003
0.1 0.658 1.087 1.624
0.2 0.887 1111 2.085
nisinmole.
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om™, A[LFE x=0~0.2 i N, BEFE x BN, %
W A7 A A ) e AR RS, IRBNTZE IR, RUABEE S
524U BN Mn/Cr—O £ RERE K

F 345 TR XRD %4 K A Rietveld 772t
HASFH LCM7H. LSOICM7H. LS02CM7H FF &
fmig S8, R — B E T & &ER Mn/Cr—O
B, AR H M/Cr—O B KN T IEAZ 454
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Fig.5 FTIR spectraof LCM7H, LSO1CM7H, and LS02CM7H
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F 3 1RIE XRD HIEESAI LCM7H, LSOICM7H # LS02CMTH # A @IS KR Mn/Cr—O #%EK
Table 3 Lattice parameters derived from XRD data and subsequently calculated length of Mn/Cr—O bonds of LCM7H,

LS01CM7H, and LS02CM7H

2

pnma R3c Pe Length of Mn/Cr-O bond/A
L attice parameters —
a/A b/A c/A a/A c/A pnma R3c
LCM7H 5.5158 7.8040 5.5281 1.478 1.971-1.986
LS01CM7H 5.4848 7.7711 5.5159 5.5210 13.3937 1.873 1.965-1.979 1.960
LS02CM7H 5.4697 7.7307 5.5042 5.5030 13.3175 1.465 1.960-1.971 1.952
x4 F—MEREITESIMLCM K LS25CM M RA&H IS 6
Table 4 Lattice parameters and binding energy of LaCrysMnysOzand LaSr,,sCrysMng 505 calculated based on first-principle
calculations
LacrolsM n0,503 Lasro.zscrolf,M n0v503
Composition and space group — —
R3c Pnma R3c Pnma
a=5.4368 A a=5.4174 A
. a=5.4129 A a=9.3468 A
Lattice parameters b=7.6962 A b=7.6740 A
0=60.8216° 0=33.9052°
c=5.4720 A c=5.4539 A
Binding energy (atom)/eV —7.5397 —7.5401 —-7.4621 —7.4638

o isthe angle between the b axis and ¢ axis of crystal unit cell.
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Extended Abstract

Introduction L&y Sr,CrosMngsO3 (LSCM) perovskite as a SOC fuel electrode material has attracted much attention due to its
excellent comprehensive performance. However, there is still alack of systematic and in-depth research on the its structural stability
that is affected by some factors such as Sr content, temperature, and atmosphere under operating conditions of SOC. In particular,
previous work indicate that this material exhibits different electrode performances and crystal structures under Sr-free and
Sr-containing conditions, having the Sr content impact on its structural stability and electrochemical performance. Therefore, this
paper was to analyze the crystal structures of La,Sr,CrosMnysOs heat-treated in a reducing atmosphere at elevated temperatures
from 500 ‘C to 1000 “C. In addition, the mechanism of crystal structural transformation of LSCM in a high-temperature reducing
atmosphere was al so discussed.

Methods The LSCM precursors with different Sr contents (i.e., x of 0, 0.1, 0.2, and 0.3) were prepared by a citric acid sol-gel
method. The precursors were calcined into LSCM powders in a muffle furnace at 1100 ‘C. The LSCM powders were then thermally
reduced in a reducing atmosphere at 500 ‘C—1000 ‘C. After reduction, the phase transformations of each sample were characterized
by X-ray diffraction (XRD). The lattice constants of the samples were calculated based on the Rietveld method using a software
named Rietica. In addition, the first-principles calculations, Fourier transform infrared spectroscopy (FTIR), and X-ray photoelectron
spectroscopy (XPS) were also performed to revea the effects of Sr content and reduction heat treatment on the crystal transformation
of LSCM.

Results and discussion The samples with different Sr contents were calcined in air at 1100 ‘C. A single trigona phase appears
when the Sr contents x<<0.2, while a small amount of SrCrO, phase occurs besides the perovskite phase when x=0.3. After reduction
at elevated temperatures, the sample with x of 0 transforms from atrigonal phase to an orthorhombic phase, and its crystal structureis
relatively stable according to the fact that there are no other phases formed with increasing the reduction temperature. The XRD
patterns of LCM samples reduced at different temperatures are analyzed using the Rietveld method. The results show that the unit cell
volume of the reduced perovskite samples increases with the increase of heat treatment temperature from 700 “C to 1000 C. However,
the unit cell volume of the sample reduced at 600 ‘C is smaller than that at 500 ‘C. This is because the sample begin to lose a
considerable amount of oxygen at 500-600 ‘C during the reduction heat treatment, leading to a significant change in the shape of the
crystal unit cell. For the samples with x of 0.1 and 0.2, trigonal and orthorhombic phases co-exist, and the proportion of trigonal phase
increases with increasing x value but decreases with increasing reduction temperature. A layered perovskite oxide phase of
(La,Sr)o,MnO, appears in the sample with x of 0.2 when the reduction temperature increases to 900 “C, indicating that this sample has
a poorer structural stability, compared with the sample with x of 0.1. According to the XPS results, compared with the LCM without
Sr, the Mn®" concentration in the reduced LSCM is relatively low as the Sr content increases, which can alleviate the Jahn-Teller
distortion. Therefore, LSCM tends to form atrigonal phase, while LCM undergoes a more significant Jahn-Teller distortion, making it
tends to transform into a more stable structure of orthorhombic phase than trigonal phase. The FTIR spectrareveal that the Mn/Cr—O
bond energy increases in the LSCM perovskite with the increase of Sr content. The lattice parameters of each sample are calculated
using the Rietveld method based on the XRD data, and subsequently the lengths of Mn/Cr-O bonds of each crystal are calculated. The
results demonstrate that the length of Mn/Cr—O bond in the crystals decreases with the increase of Sr content, which is consistent
with the conclusion derived from the FTIR spectra. However, the first-principles calculations confirm that the binding energy of the
crystal of LSCM gradually increases with the increase of Sr content. Therefore, in summary, the existence of trigonal phase and the
increase of binding energy caused by Sr doping jointly lead to the fact that the structural stability of Sr-containing LSCM perovskiteis
lower than that of Sr-free LCM under high-temperature reduction atmosphere conditions.

Conclusions The structural transformation process and regularity of the LSCM perovskites under high-temperature reducing
atmosphere were mainly controlled by the Jahn-Teller distortion, which depended on the concentration of Mn**. The LCM without Sr
underwent a more significant Jahn-Teller distortion, making it form an orthorhombic phase. The increase of Sr content mitigated the
Jahn-Teller distortion, making the Sr-containing LSCM perovskites more likely to form a trigonal phase as well as possess an
increased binding energy, thus reducing the structural stability of LSCM.

Keywords solid oxide cells; fuel electrode; perovskite; phase transition; Jahn-Teller distortion



