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Sol-Gel Synthesis of Perovskite La, .Ca,MnQO;(x=0~0.4) Nanoparticles
for Electrocatalytic Oxygen Reduction

FENG Hao DU Jing HAN Xiao-Peng CHENG Fang-Yi* CHEN Jun
(Key Laboratory of Advanced Energy Materials Chemistry (Ministry of Education), College of Chemistry,
Nankai University, Tianjin 300071, China)

Abstract: In this work, a series of La; ,Ca,MnO; perovskite nanoparticles were prepared through a sol-gel method
and investigated as catalysts for the oxygen reduction reaction (ORR). The XRD, SEM and TEM characterization
demonstrated high crystallinity of the synthesized particles having diameters of about 40 nm. The crystal structure
was determined by Rietveld refinement, indicating variation of the lattice parameters with the amount of
substituted Ca. The electrocatalytic properties of the samples were studied using rotating-disk and rotating ring-
disk electrode techniques in KOH aqueous solution. Investigations on the composition-performance relationship of
La, ,CaMnO; perovskites revealed that mixed Mn valence and medium Mn-O bond length favored the ORR
electrocatalysis. Among the La, CaMnOs series, Lay;Cag;MnO; exhibited outstanding ORR activity, enabled an
apparent 4-electron pathway and showed superior durability compared to the benchmark carbon-supported Pt
nanoparticles. Furthermore, metal-air cells assembled with Lay;Cag;MnO; could deliver high charge and discharge
capacity with flat plateaus. The considerable catalytic performances of La;_Ca,MnO; nanoparticles indicate their

promising application as low-cost and high-abundance catalysts in alkaline fuel cells and metal-air batteries.

Key words: sol-gel synthesis; perovskite; La,_Ca,MnOs; oxygen reduction; electrocatalysis

SR H 191 .2013-04-03, W& Bl H 191.2013-05-10,
HE &K [ SRHF 54 (No.21231005) ;863 B (2011AA050704) ;973 1 H (2011CB935900 ) Al Hi 4 i 45 AR AF Al 55 2 L 301 9% 4 e Bh i A
*HIIK R A . E-mail : fycheng@nankai.edu.cn



1618 kMl otk

- %29 &

][/

0 HJ

H 26 7™ I8 1) 8 5 i 5 2R 58 15 G o] LA (o AAT]
R TT % i ] AR RR IR SR Reisi b g A4t 2
XEACAT BB , fE R Z IR T el AR -7
ACHL L AR H R R B PR L RE R R A A
o7 FH IS5 ) R 30 28 Rt v 23 S AR P B AR £
AL TP B A A DR R ST B4 i Ak 5
(LAH B AR R 4 AR ME AL PR BE 5 Hh ARV, SR 1T
FELEGERA B AR 1= B DA R e ok R A AR 1) | B
il FCARARE AR 7 R 0 SR AN Y IR B G T
PEAR R R B 98 PR o < T AR Ak ) (T A4k
Pt e B AL P02 e ko B AR A ) LA R
5 R4 A AR AL ) E T R AR R i 8 A A
A i) 25 17 B A A, 2 B S s

FEER R A (I X ABOS)7E b 21 A i 1
N R I A AL I T N VA P =, e o R - e
SEET BALESESEE T, /£ A BME L
AT B2 U, SR B R RIR &
ALY, TR A LA B, B',0,, HoAtE Ak T M AR
FRICER Bl SRR 1 A [ 5 A7 3 W Sk 7y 78 Al 2231
Horp 3 43 BUAR A9 La-Mn £5 8k 87, HD La;_ A" Mn,_,
B’ 05, A & B UF 1500 SRR A G P Xk A A 05
Bl Tb 27 2 R R AR A BE A IR T 2T o A
BUIE (B e, UIE ) R 7 I R B fil D SRNT I R
JIT AR 14 52 B e, U3 P 4 0 B0 L T R AR Y
FBOlEATH A , AF T M B W R La-
Mn 555 SRR ORE Y 1R G 15 4544 (1 SR R A 1F
RABEIE , ASCR A B 45 T — &5 A L
Ca U LaMnOs(La,_.Ca,MnO;,x=0~0.4) 44 K Fkr |
X ILHEAT T S50 I 55 R0 420 T A Ak 1 B 1 AT | BF
G2 T ANIRRE i Ca IR 82 % i il 2 B3OR e 76
(IR 558 T b2 2 A Mn M A5 52 e, O FLAA
T3 — M BV T i R v B SRR R A L T T 1 X
INEE

1 SEWHES

1.1 EEFIHE

K PV B BE RS VE A T 29 Ca & AR TR Y
La,_CaMnO;(x=0~0.4)FF 5t , 5%, ¥ T 55 i3t & 1L
¥ Mn(NO,), . La(NOy);-6H,0 Fl CaCl, % T 20 mL %
BT, KRG TERE B FE T IE A 10 mL A7
BREWEFTERS REEE TYRNEEL 2:1), &

W SR B AR RR AR WA R it — 2D
Az LT C G I RV TR OB AR A R L A
VMRS A KI5, 80 CCoK I I At i W b (97K 43 2%
R A B B 0 1) B I A5 ) ) BB I AE B XU T MR A
W 80 CT MR, e Ja ¥ T Bk I i A A =X Ha B
2T 700 CHEBE 6 h AR x=0.0.1.0.2.,
0.3.0.4 B FE & 4y 5 PL LMO .LCM1 ,.LCM2 .LCM3 .
LCM4 KR
1.2 EUEFIRE

K F H A Rigaku MiniFlex-600 X 4 £k it 5 4%
(XRD) K EAE A AL B P AH i Cu Ka 1 55 168
AR T (A =0.154 06 nm), & HLIE 40 kV, & H L 200
mA , PLAB 7 AR AR 140 A0 20 #YTE FIN 100~
80°, 1K 0.02°, 101K 2 s, F ft 1 S5 2 S5 3E (ICP-
AES)M >k 1] 3€ [ Thermo IRIS Advantage JGIE1X,
JESL Bl T H A JEOL JSM-7500F 37 & 51 414
L 2 U (SEM) LA K7 22 Philips Tecnai F20 3 %
S35 5L T B BB (TEM) R 20 BT A 79 2 1T 9 e 3R
W3, R EME Perkin Elmer PHI 1600 ESCA REi
AT T X GHE G T RE I (XPS) I i,
1.3 Bzt

M Ak 2% 52 5 F Princeton Parstat 263A &
2273 M Ab2E TAE S IR FH = AR R R4 Ik
F Al AR RN H R AR (SCE)VE S 2 L sl 40 R f AR
PSR X B AR | B Bl (GC) A JBE 1 T % (5] 4% i A (RDE) 5%
I T 153 95— 611 A 149 5 5% 34 45 FL A (RRDE)FE R T/E HL
. HH RDE B4 4 mm,RRDE Bl # EH#% 4.2 mm,

AR H R b B A AR R 2 R A T2
T B A 0 55 ER A K ) (20wt %) 5 Vulean XC-72
SR BIRAIFHE LS HITHR G YmAE) 1
mlL 5 EE P EA 35 WL Nafion % W (0 By 1k H:
PR P A U Tk, LI AR EA RS
R, K B A5 21 i 2 OB 75 43 1 30 min, 13 B
BISIMSRH  F R TR B — 22 5 1Y 8K (RDE 4.0
wL,RRDE 4.5 pL)7i 75 HL A% 2% 1 | Fo7 1 VAW T HE
o H R R R KA E T AP T
B 6 h, B IE S TR S EBORZE IR NI T X
el FH ¢ B A7 48 1) 0 A 4K TR (PY/C L 20wt %) P [R] FF (1
T2 B IR R E R S

LR TRCR 0.1 mol - L™ KOH /K, TR 2w
Fi RS2 30 75 R GE AR 30 min A Z A AT
1) T 5 /I F PR VROV TR Dy A ARSI R i T
AT A 5 A AR S B A S BT R A D A



%8 W i

fiti 25 ; La,.Ca,MnO- 44 K JORL A9 i 45 K S JUAHE fL 1 E 1619

XF T SCE Z b W 19 i 3 (pH =13 B ,0.990 V
versus RHE)
2SS T2 0RO R S R R
Fia R (R W LM, PVDF)H%Z 3:6:1 1Y BT & ILIR &,
PIHLURER N A U B, 120 CHE 6 h il il 28 i
DV R R b, BEI LT i B, U —
(TEG-DME)>}y H fiff 1 2H %€ i 2032 F11=CHL i

2 HR5TR

21 WHESH

B1 R T A il & i 45 Bk 1 8 4k 5 BE
XRD 1% &, A7 5 ER a0 150 3 2% A ot S 2L AR 8 A 45
B, HARIET Ca BURHY LMO BB L 454, 5
FRifE PDF K A No.75-440 MW &, J& T Pm/3m =5 [A]
. Ca BURAIFE S LCMI1 .LCM2 . LCM3 HA JEH 1
I B IEZC 254 | J8 T Pama 25 [RIEE | T FE f LCM4 bR
TEERT M Z AN B A DA A 1 T AR

A Mn,O, A LCM4

h LCM3
“ n A LSMZ N
LCM1
_—A_LA_A A A A~
LMO
T T T T T T
10 20 30 40 50 60 70 80
20/ (°)

Kl 1 LMO 5 LCM L5 1 XRD 3% &l
Fig.1  XRD patterns of LMO and LCM catalysts
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Table 1 Nominal and determined compositions of LCM catalysts

Nominal La/Ca

Determined La/Ca

LCM1
LCM2
LCM3
LCM4

0.9:0.1
0.8:0.2
0.7:0.3
0.6:0.4

0.91:0.10
0.83:0.19
0.70:0.27
0.61:0.39
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Fig.2 Crystal structures (a,b) and XRD patterns (c,d) via Rietveld refinement of LMO (a,c) and LCM3 (b.d)

%2 LMO #1 LCM # L7 & Rietveld T5 18 & R
Table 2 Rietveld refinement results of LMO and LCM catalysts

Catalyst LMO LCM1 LCM2 LCM3
Composition LaMnO; LageCag;MnO; LagsCagoMnO; Lag7CagsMnO5
Crystal structure Cubic Orthorhombic Orthorhombic Orthorhombic
Space group Pm/3m Pnma Pnma Pnma
Cell parameters / nm a: 0.389 42(1) a: 0.548 82(15) a: 0.545 86(12) a: 0.545 42(9)
b: 0.775 96(21) b: 0.774 57(18) b: 0.772 35(8)
c: 0.553 28(15) c: 0.551 62(12) c: 0.546 71(8)
Average Mn-O bond length / nm 0.194 7 0.197 1 0.196 8 0.196 0

PERE , AR SE R IR HL AL, DL S RO PR AR PyC,LCM2 ,LMO LCM1 LCM4 54 # FR A 370 % JEE 4K
JE T AEA R R P AS B AL b R AR AR U, BRI BE TEIL R 3,
FOBCHE AT | R R A 4 X 4R Ar L LCM3 453k M de R LUTEAR 20 Hr LCM3 A 55 76 AN [R]

500nm

SEM images at low (a) and high (b) magnification, (c) TEM image, and (d) HRTEM image with FFT pattern

K3 LCM3 I A
Fig.3 SEM and TEM images of LCM3
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Table 3 Electrochemical performance of LMO, LCM and Pt/C

AY En/ V 1./ (mA-cm? I,/ (mA-mg™)
MO -0.13 -0.31 6.55 106.8
LCMI -0.13 -0.35 5.97 97.3
LCM2 -0.13 -0.34 6.77 1103
LCM3 -0.12 -0.31 7.09 115.5
LCM4 -0.15 -0.28 547 89.2
Pi/C -0.05 -0.22 7.10 1157

Eots Eowas Evar, I. and 1, are the onset potential, half-wave potential, specific current density and mass current density, respectively
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(a) CV curves of LCM and PY/C in Oy -saturated (solid line) or Ar-satatured (dotted line) electrolyte. (b) LSV curves

of LMO, LCM and Pt/C at the electrode rotating speed of 1 600 r-min™". (c) LSV curves of LCM3 at different electrode

rotating speeds. (d) K-L plots of LCM3 and Pv/C
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Fig.7 Chronoamperometric curves of LCM3 and Pt/C
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Fig.8 First charge-discharge curves of Li-O,batteries
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Fig.9 Mn2p XPS spectra of LCM3
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