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Yo A 4 H1  90.50.90.04 mA -h/g,50 B 49 bR F 5 5 A 89.26 #= 80.92 mA +hig, BEHRHFELS A A
98.63%7= 89.87%.
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Co—precipitation synthesis of precursors of Cu—Fe—Mn based layered oxides and
their electrochemical properties as cathode materials for sodium—ion batteries

Ai Changchun', Zhang Gong', Wang Zihan', Li Fangxin', Yang Zhi'an', Xue Yongping®
(1. School of Chemical Engineering and Pharmacy, Wuhan Institute of Technology, Wuhan 430205, China; 2. School of
Post and Telecommunication, Wuhan Institute of Technology, Wuhan 430073, China)

Abstract: In order to overcome the shortcomings of the traditional solid —phase synthesis method, the ammonia —alkali
method and the oxalate coprecipitation methods were used to prepare the precursors of the Cu—Fe-Mn based
cathode material for sodium—ion batteries. Subsequently, O3—type Nago [CugnlFeq:Mng5]O, cathode materials
were synthesized using these different precursors. The morphological structures and electrochemical properties of
the precursors as well as the corresponding cathode materials prepared by various methods were systematically
analyzed. The results showed that the primary particle sizes of the precursors prepared by two different methods
were both in the range of also about 100-200 nm, with a uniform distribution. The layered oxide materials pre-
pared from the two precursors were all flake crystals. The layered oxide prepared by the ammonia—alkali method
has a particle size of approximately 2 pm, while the cathode material obtained via the oxalate precipitation
method has a particle size of about 5-6 pm. Both of them possess an O3—type layered structure, with interlayer
spacing of 0.333 29 nm and 0.327 34 nm respectively for the sodium layers. The first—cycle discharge specific
capacities of the oxides obtained by the ammonia—alkali method and oxalate precipitation method were 90.50 and
90.04 mA -h/g at 0.1 C, respectively. After 50 cycles, the specific capacities were 89.26 and 80.92 mA -h/g, with
capacity retentions of 98.63% and 89.87%, respectively.
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(1) FRd ILPTHE : FREL MnSO,+ H,0 \FeSO,+ 7TH,0
F1 CuSO,+5H0 A (EE/R oA 0.48 2 0.3 1 0.22) Bt il
SRR 2.0 mol/L [ 4 8 SR . ZER SR I % A
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Tab.1 Coordination constants and precipitation constants of

three transition metalions

fhk Ky K omon, Kwco,
Cu* 10" 2.2x107™ 4.43x107
Fe* 10* 8.0x10 3.2x107
Mn* 10" 1.9x10" 1.70x107
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Fig.1 Individual precipitation curves of three transition metal-

ions by ammonia—alkali method
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Fig.2 XRD patterns of precursors prepared at different pH
values
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Fig.3 SEM images of A4 and C2 precursors
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Tab.2 Mass ratio of different metal ions in precursors and the

salt solution

R Cu Fe Mn
i 02170 0.297 0 0.486 0
Al 0.192 1 0.270 5 0.452 0
A2 0217 3 02951 0.467 5
A3 0216 5 0.296 5 0.480 0
A4 0.216 8 0.296 7 0.486 5
C1 0.201 2 0.283 0 0.465 7
2 0216 9 0.296 8 0.486 3
c3 0216 5 0.296 5 0.487 0
c4 0.216 8 0.294 8 0.488 3

2.5 RBIR{EIHRSHT
Kl 4 S A4 F1 C2 BFERIARAEZS AT LA 10 °C/min
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Fig4 TG/DTG curves of A4 and C2 precursors
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Fig.5 SEM/EDS images of A40 and C20 samples
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Fig.6 XRD patterns of A40 and C20 samples
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16 ) A5 BN R T A bR S5 A R 3R 3 iR KBS 5
AR F U 4Fs
% 3 Rietveld 58 F F AR G 2R

Tab.3 Atomic coordinates and occupancies from Rietveld

refinement
Na 3b 0 0 0.5 0.910
Fe 3a 0 0 0 0.300
A40 Mn 3a 0 0 0 0.480
[0} 6¢ 0 0 0.272 40 1.000
Cu 3a 0 0 0 0.220
Na 3b 0 0 0.5 0.901
Fe 3a 0 0 0 0.300
C20 Mn 3a 0 0 0 0.480
[0} 6¢ 0 0 0.270 90 1.000
Cu 3a 0 0 0 0.220

& 4 XRD Rietveld #5ERASH SRR F
Tab.4 Unit cell parameters and reliability factors from XRD

Rietveld refinement

24 A40 €20
fiESE a/nm 0.294 415 0.295 834
RS binm 0.294 415 0.295 834
FESE ¢/m 1.646 680 1.643 010
SRR Vim?® 0.123 612 0.124 528

JBBR 22 F R, /% 7.93 9.84
WIEFR 22K F Ro/% 5.76 7.5
LA ¥ 1.91 1.76
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Fig.7 Crystal structures of A40 and C20 samples
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Fig.8 Charge/discharge curves for the first two cycles of
A40 and C20 samples
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Fig.9 Cycle performance curves of A40 and C20 samples
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