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5 /E LSCF R G AAFAE Sr mafr I i, Rk, At
FUI I I WO B LNO B 7E LSCF K 1H , 71 F
SEM. XPS. 2 BHHti% 55 T BOT & XH& i s Bl 16 4
TS TR AL RAE, BEFRIZ M LNO
Xf LSCF [H1#% ORR L PERE . K AR 2 1 LA & Sr i

B 5210
N

Gdo.1Ce05.5 (GDC) 1 LSCF ¥y A it ik ¥ Jie -k
JREiE 4%, ERMR T (8%Y,05 K4 iE /) ZrO,, 8YSZ)
= % GDC B AR LSCF 8 7K 4 5l 544 i
WE. LHE4F4EZ . SC-1015 4y EiAlR A BREE, &
733 GDC KK} FI LSCF k. ¥ GDC ek} 22 ENEEL
SRR BN, SRS 7E 1300 C RS 300 min, &
&% GDC BHB%JZ, PABi1E LSCF 5 8YSZ KA MM . %A
J5 ¥ LSCF JZRL 22 EpFE i i a3 U, JE R LSCF |
GDC | YSZ | GDC | LSCF Z5#Jfxt FRHaith, )5 1
1080 C T8 %e 100 min & %2 FLEA#% .

# La(NO3); 6H,0. Ni(NO3), 6H,0 %8 2:1 f1 B
IR BN N B 25 88 7K 2B R A R, BN 1
542 )8 B 1 BE R B B AT R IR AR N 28 G 7R, DA DR
MK, HEEEFER SRR, TEERE TIRE
43914 0.25. 0.5. 1. 2 mol/L ft] LNO (112 Biis i,
R R E I IR A IR . o
ZE TR OERARG N 0.6:1, &E&E LRI
Al LR TS LSCF J: Ak 2 [ [l 3R TH 5K 77, $ iz
TR FE A 1) 2 e Y

B RN RR MR IR IR AW, R E SR
4 10 min. B 5 BUCH SRR L, IROK 4RI T LT AR
M2 RN, BETMATLL5 Clmin FHE S 80 CHt
F3h?, BJE1E 900 C FBiks 1 h AL LNO #.

B4 R BIRT AR I Y] 2 0.25 cm? K/, it
AT RS . QR F A 27 T A 3l o 0 R R
T TETF B R N AT S B BT CBIS) , AZ AL
B H KN 10 mV, WHKAIEE A 0.1 Hz~500 kHz, il
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B2, 7E900 CRked:, 1ENERE, JHH: L 4 R4
2 fE R HEIMESUESE CFFRREIB) BREL 2 B
HRAF B SRk AR P,

7T LNO HOMHiR FE LA & H 5 LSCF A%
P, % LSCF ¥ AIZAE LNO R BHAW ., FHEER
FOP BT . beds il f3 LNO-LSCF ik, FH{EH
Bruker AX 2 ] 1) X it Bob RATHAL (XRD) XK
[ ARG AT JE ) LNO-LSCF ¥y R AT F4E. XRD
M Cu Ko S54RIV, 948 M 20=20=-80<, 1 ]

Hitachi 24 =] 434 B 7 R BE (SEMD X Hijth 45 44 1
TE Sk AT 40 . 18 F Kratos 23 &) [ X 55 28 % B T BE it
A0 (XPS) XK B[R] R /17 5 0 B ARG AT 2R 1T Sr 269y
(153 BT {8 CasaXPS A x XPS Kl 47 0l 45 73U .

2 GRS

P 1 & LNO-LSCF #A ) XRD Eit, B9 no agent.
glycine. citric 4 #3878 LNO 2 59 7 -0 AS s AT fe]
AR WIHEEBRIE NG BT I ERIE NS
H3, BT ARBILE 900 C FBRE 1 he M AT LA
KE, NRRBIRMLEER, #Ee ER LNO H

(PDF#33-0712) , T l4/mmm ZAIH#E, 50kl
P, (HE, REMKE RS R
WEZ M4 H La,0; (PDF#74-1144) , MAH &R G
La,0; A s R, MmN ERE, BH
La,03 AEfil. BRI, 7E 5 827 Bl 78 H iR Bis i35 i
IFF AR A A7, DURUEA BLAEIF ) LNO #iAH

Kl 2a & X RR A ) SEM BR . MBI AT L
A, GDC HFRZE L8 9 um. LSCF BI#K 2 &
29920 um, FRIAH/N, FLERE 2 H A A3 5
2b AR IR A 1 LSCF sk 5, M el
E 1 LSCF Bk ££ 400~600 nm, J H & H G, W
DABA B [X 3 H JORL 2 [ ()i 5t . 832 0.25 mol/L LNO
®EiE (K 2c) , LSCF RHARFMHKE, LNO HIgikK
WURL M6 7E LSCF R, TER— 2 &0 M A F 1
MR . TE R LNO ZRK kL (1Y) K /N2y 9 50 nm, AL 78
7E LSCF % fi, {75 LSCF Biki.2 8] ()i 5 AR £ 450 o
Ui W 77 R S & = 1K O BE R T LNO 1E LSCF
R Bk, 45 LNO ¥151 0 A #E LSCF K Y,
BE# LNO 2R T H, LNO BIBUR R < il 2 1
K, MK 0.5 mol/L B (Bl 2d) , LNO 4K Fiki
K/NZ124 130 nm; 43K N 1 mol/L B (& 2e)

¢ LSCF
v La,NiO,
La,0,

No agent
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Citric

Kl 1 LNO-LSCF # & 7EAF 2% & 77 T 1 XRD &3
Fig.1 XRD patterns of LNO-LSCF powder added with different

complex agents
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Fig.2 SEM images of cross section of symmetry cell (a), bare LSCF cathode (b), 0.25 mol/L (c), 0.5 mol/L (d), 1 mol/L (e), 2 mol/L (f) LNO

infiltrated LSCF cathodes

LNO #3K Fki i) K /NZ1 A 200 nm. 2412 5t i 4k 45 1
TnE 2 mol/L (] 2f) , LNO Hiki K/N21K 250 nm,
HELT B RIS, B R IR EEAR] T LNO
1515y A fE LSCF KMl »

P 3 2 S5 R LU E T B FLR T ) 2 A BT Nyquist
Bl o Ay T S 375 I K B R s f B A FL B, R T IR
F K FhL L i 25 24, i LA TR e 24 ] 9 (R A9 A 5 A
(1 % B B 2 o vl (AR Ak PP RPY. MBI R AT LR
H, &1 LNO 2 )5, LSCF Ak 4k v B BH & BRI,
X W] LSCF £ &M LNO J5, ORR A% /7 B 14 9%,
FL R AL P R 15 21 B AR &

W22 5 LSCF [ #) 4t Hi FHL7E 600 650, 700
M1 750 C4r %)% 8.64. 2.82. 0.85 fl1 0.34 Q em’. &
it 0.25 mol/L ff) LNO 255, fE 600, 650. 700 Fl
750 “C HL A% FELBH 23 531 T B4 55 4.44.1.34.0.51 #10.22 Q em?.
B LNO 2Bk FE v, Ak Fa BRI B A, 249R
B BN 1 mol/L B, B A% e B F% 21 541K, 7£ 600650+
700. 750 ‘CIH 43512 4.26. 1.29. 0.48. 0.20 Q cm?,
Lt 25 [ LSCF 1) L BHPEAR T 41%~50% . 56 W 38 ik 12 i
9K LNO, REFEHEMIM ORR b HE, AT PR BH A% H
BELP2ST, AR 243K P 4K S K% 2 mol/L, Hefk HBH
A BT R, XIRA R FONRBTE KR, FEHEK
FLBRZ /N, AARYHUH 78GRI, MR 2f BT R
B, W ERBURE T LNO 4K kL 1 1%,
WD T AR ORI RR 2 3 BRI B R AR A
B 551271,
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Fig.3 Nyquist plots of bare LSCF cathode and LNO infiltrated
LSCF cathodes measured at 600 C (a), 650 ‘C (b), 700 C (c),
and 750 C (d)
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4 #£7% 4 LSCF #1 LNO 215 LSCF IRt Je
b ZE A AL RE . AL REAR IR BTG e 1 3 A Kk 5

Ea
Rp = Aexp(—— (D)
p p( RT) (

Hep, Ry NHBE, R ONERSMEE, T NRSI%E
BE, E NRMIEMRE, A ATRATF. 28 H LSCF Y
WAL RE R 162.45 kJ/mol, 53Tk b BT i 38 g — 228,
23t 0.25. 0.5, 1 mol/L LNO &i5i)5, HiGiLaes
R /N F 147.74. 148.91. 150.03 kd/mol, iX it B ORR
JIT 7 B v IR RE B 22 PRI T SR, 49235 2 mol/L
LNO J&, iEALAE N2 164.22 kd/mol, #0737 15
it £ i) LNO RF|F LSCF ORR id F2 ()47 o

N RIR BRI AR e, K2 E LSCF.
1 mol/L LNO {27 ) LSCF 7£ 750 C FAR¥E, WM&k
Ak FeL BEL B B[] /) 254k o 4B 5 BT, 28 11 LSCF 483 125
h R 5, Btk BB M HIEA [ 0.282 Q-cm® 14 in £
0.496 Q-cm?, TEAE IR T 76.89%. ifii 1 mol/L LNO %
t LSCF M, 23t 127 h R, etk dHBE M WIth
7 0.212 Q-em® B MF] 0.321 Q-em?, L T 50.42%,
Ui BIZ 15T LNO Ref 4 =y LSCF B fl A e 1

Kl 6 /2 1 mol/L LNO #2535 LSCF %3 750 C R i
100 h B f5 RIS . MEIF AT LA H, SREdK
IR B AR B, P& T LSCF SR IHI ) LNO 44K i
B B K A5, Ui LNO 215t LSCF &5 i fa e
PEECUT, K] 8] K 52w T Ak B S AT AR e 8 4 15 IR A T
G5 .

K7 XL T KRR IR ATE LNO-LSCF #; A f)
XRD K1, M XRD EiEdv] LLE H, &id 750 CIR
Ii 100 h J5, LNO 75t ss 5 B Bk 55, [FR 72
20=28b L T 1 AME SRR AT, H LT

Sample |E, /ki mol?
= Bare LSCF 162.45
o 0.25moliL LNO| 147.74
10F & o5molLLNO | 148.91
~ v 1mol/LLNO | 150.03
g ¢ 2mol/LLNO | 16422
G
o
o 1
Ol L L L L
0.95 1.00 1.05 1.10 1.15

TYx0° K*

K4 =H LSCF BT LNO =i LSCF B i B 48 J& £ i h
LAELRE

Fig.4 Arhenius plots and activation energy of bare LSCF and
LNO infiltrated LSCF cathodes
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Fig.5 Impedance spectra of bare LSCF (a), 1 mol/L LNO
infiltrated LSCF measured at 750 C for different time (b),

and stability curves of polarization resistance (c)

Bl 6 1 mol/L LNO 25t LSCF IR 30 KA 750 C i
100 h 2 J& H) 2 T 7 3

Fig.6 Morphologies of 1 mol/L LNO infiltrated LSCF cathodes
before (a) and after annealing at 750 ‘C for 100 h (b)
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Fig.7 XRD patterns of LNO-LSCF before and after 100 h

annealing

SHIEIR A T g /& La,SrO, (PDF#42-0343) AT 514 .
La,SrOx [T il A FT g A R A K B ] R I 5, LSCF
KK Sr otEk 5 LNO Wi La JTe&R KB, B
La,SrOy, XF#) i B — & AR AL, MATE
SrO H 47120, [H I, LNO I3 7% LSCF L% 4 LSCF
HATE IR rfee k.

8 f& %5 1 LSCF [ #% 1 1 mol/L LNO #7135 LSCF
B (LNO-LSCF)£ it 750 °C {4 100 h 7 J5 () Sr 3d
(1) XPS L& 45 5 . Sr 3d #UA R Sr AR Sr P
4pU2 0 Hoh g A RER — XTI 133.5 1 132 eV,
53 )& T LSCF #44H Sr 1) 3da, F1 3dsyps 1 i 45 A RE

[ — X : 135.5 1 133.9 eV, 43 J& T2 1 Sr ¥ 3da,
M 3dsppo WA JEIFEAF RN RME Sr AR Sr & &
RMEETER 1.

MFE 1 ATLLE S|, (REEAT, 2°E LSCF PR
Sr &85 30.57%; £it 750 CHRIE 100 h 5, & H
LSCF Bt ZR I Sr & &M 57.52%, L A&{RE K LSCF
P3N T 26.95%, 1% 72 Ky LSCF £ i K I [] £ i
Sr 2wt BRI A AH, 2 LSCF Mg B 1
BRI ; LNO-LSCF B AE R IR AT R 71 Sr & &N
41.95%, b7 LSCF £ Sr & &M, Xl RE2&F N
LNO-LSCF Bl £ 900 CHxeiZ A=, Sr i ¥ 1%

%1 = H LSCF BB#&A LNO-LSCF [A#R#£2 12 750 ‘C{Rig 100 h
BIEREEM SreBENMEE
Table 1 Content of different Sr components for bare LSCF
cathode and LNO-LSCF cathode before and after
annealing at 750 °C for 100 h (at%)

Bulk Sr Surface Sr
Sample
Before After Before After
annealing annealing annealing annealing
Bare LSCF 69.43 42.42 30.57 57.52
LNO-LSCF 58.05 61.71 41.95 38.29

— Initial data

[— Fitting curve

Intensity/a.u.

b

LNO-LSCF

138 136 134 132 130

Bare LSCF
750 ‘C/100 h

Intensity/a.u.

d

LNO-LSCF
750 ‘C/100 h

138 136 134 132 130
Binding Energy/eV

K 8

138 136 134 132 130
Binding Energy/eV

2[4 LSCF FA#%, 1 mol/L LNO & LSCF BI#KAE 750 ‘C 43 100 h AR3E AT f5 Sr3d [ XPS & 45

Fig.8 Peak fitting results of Sr 3d spectra for bare LSCF cathode (a, ¢) and 1 mol/L LNO infiltrated LSCF cathode (b, d) before (a, b) and

after (c, d) annealing at 750 ‘C for 100 h
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THEZ M Sr. 25T 100 h 16 )5, LNO-LSCF [H
WeR T Sr & & N FEF] 38.29%, b LR iR A 5>
3.66%, X TJHEA K NS> Sr 5 LNO Wi La Jo
REGTRT LagSrOy, M BH 1k 7 7% TH 4 2 AH ) T
%, PR LNO & 35t LSCF BB A A 58 n At 55 ) e 1

3 & it

1) IS AR R RS I A R A R T Al
LNO #H. J8 IR 55 1E LSCF £ FLBA M R A2 i
T LNO 44K Fiki »

2) LNO 4N K ik 45 51 3% 45 #h 43 Aii . LSCF 2 1f,
AL A HfE 3 ORR i f2, F¥fIk LSCF FH M 7E
600~750 C Ttk HLFHFITEALAE . 1 mol/L LNO i35
LSCF BH Mg 1t e fie £, LR 23t 181 1) LSCF B ik Ak
FLPH I8/ 41%~50%. JFf H BT LSCF fm#fT 1) Sr i &
5 LNO ) La Je R 45 & TR L) La,SrOy, FHIE T SrfE
LSCF R IHJE LA A, s 1 AR K A e 1 .
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Impact of Surface Modification on the Performance and Stability of
LagsSry4Cop2FegsOss Cathode

Cai Dongmin*?, Yang Jun!, Wang Jianxin', Guan Wanbing*
(1. Ningbo Institute of Materials Technology & Engineering, Chinese Academy of Sciences, Ningbo 315201, China)
(2. College of Materials Science and Opto-Electronic Technology, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Different concentrations of La;NiOa+; (LNO) nanoparticles were decorated on LageSro.4C0o2Fe0s0s.5 (LSCF) surface through
one-step infiltration. Scanning electron microscope analysis shows that LNO nanoparticles are distributed uniformly on LSCF surface, with
a size range 50~250 nm. Electrochemical test results reveal that compared with the bare LSCF, polarization resistance of LSCF cathode
decorated with LNO particles reduces by 41%~50%, and its stability is improved, where its polarization resistance increases by 50.42%
after annealing at 750 °C for about 125 h while that of bare one increases by 76.89%. Evidenced by X-ray powder diffraction, La,SrOx
phase appears in LNO-LSCF after 100 h annealing, which is one of the possible reasons for enhanced stability. X-ray photoelectron
spectroscopy analysis shows that after annealing for 100 h, the surface Sr content decreases by 3.66% compared to that before annealing,
whereas that of the bare one increases by 26.95%, indicating that LNO modification can effectively suppress Sr surface segregation of
LSCF.
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