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Fig. 1 (A)Rieveld refinement results of the powder XRD pattern for NVONBS; (B) Schematic representation of the crystal structure
of NVO; (C) FESEM and (D) TEM images of NVONBs. The inset in (D) is SAED of NVONBs!'"
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Fig. 2 (A) Electrochemical performance of NVONBs and NVOP electrodes at a current density of 25 mA - g; (B) Cycling per-
formance and Coulombic efficiency curves of NVOP/NVONBs at 50 mA - g'l'!

Na,VO, 1 NaVO, i .

& )8 FALY R 2 BAT B = 1 HL AL, Maier 5 &
R4 A A LAk 2 B R A I 4 R PR T
P AR T ROBE AT AR R AR R R R
M TITAR KRR B 1 488 w8 1 5 g 40 o 1) 52 g 3 440,
FeF, HLAT 50 MY BEIE 25 (712 mAh- g), Li %5 %
T8 3 LA 4544 1) FeFs A R 481 B 7 JL BN B 7 1 i
B MAELH . (H FeF, 1 5 5 k22 ) AR M e 2 42
1 FeFs 1945 51 e FG 21 e M. 1 & 5 H4 FeF,
il 8 BT =4 KL 254, 7 F s T A b rp S
TS A% S R RGPS M AR (AR AE AN B
T HL % RN EE F G FeFs I R ERe 22, i FLAE %
PEBERL K. AUt VE ¥ FeF, #1404 (RGO) I &

GAE R IR AL, A A2 BN & A 1 [R] B
Fe 404K ks B 3% 11 2 5] FeF:-RGO & & ¥ = 1
A FeF-RGO E 51, A EM 548 Fe 49K
KL B IR AR AR K b2 %5 T FeFs 740 25+ i il
T REDS. [ 3A 1 3B oA FeF, Al RGO W& & WY
TEM & F, &l 3B HRTEM 1 0.27 nm %t ¥ FeF, i
(101) .

B 3 2o 45 ] H Ak 2 SN BR LR Y
3, fff FeF, 76 HL Ak 2% 0 2B i 42 JR Fe 409K kL
K NaF, £ K5 (4 78 ik i i B vh sk 28 32 47 i Rl
Fil, i FeFs nl ok Ak 2% B 0 1 32 44 Rk, TRl D
A A2 LR Fe 409K UKL P [7) 5 oL M B9 1 S8 0 AN
AT LA FeFs MM R M RE 4R i 2 10 A-g' (W&l 4

3 (A)MI(B)H FeF-RGO & & 111 TEM I i, (B) ¥4 81 &y FeF, 11 & 4 B TEM Jif i 09
Fig. 3 (A, B) TEM images of the FeF,-RGO composite. The inset in (B) shows the high-resolution TEM image for the selected

areal'



%5 T LA BN ES T H T R AN 25 R R A R 5 467 -
400 : ; : : : : : :
< = Discharge
2 w0 ] e o
< : $ i ¢ ! £ i :
E ] T P
2 200 - 0.05 P01 02 05 A I T [ 0.05Ag"
8 ? ; : : : : : :
& R Lk
] So2atiqoidnedfetisasennaentanensesnng, o 200nne : : : wasaissaassgNIRSERaRRS)
g 100 - o T e, R
2 : : : : [ : :
‘% 3 5 g ° .
° 5 i S
0 20 40 60 80 100 120

Cycle number

¥ 4 i FeF,-RGO & &9 JE A7 2k Wi i) FeF-RGOE A W i 475 ZR 1 fig [ 19

Fig. 4 Rate performance of FeF;-RGO composite in situ generated from FeF,-RGO composite!
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Micro/Nano-Structured Electrode Materials for
Sodium-Ion Batteries

YUAN Shuang'?*, ZHU Yun-hai’, WANG Sai’, SUN Tao?,
ZHANG Xin-bo?, WANG Qiang'
(1. Key Laboratory of Electromagnetic Processing of Materials (Ministry of Education), College of Metallurgy, Northeastern

University, Shenyang 110819, China; 2. Changchun Institute of Applied Chemisiry, Chinese Academy of Sciences,
Changchun 130022, China)

Abstract: Sodium has similar physics and chemical properties to lithium, alternatively, sodium (Na)-ion batteries have again
aroused a great deal of interest recently, particularly for large-scale stationary energy storage applications due to the practically infi-
nite sodium resources and low cost. However, the technics and materials for Na-ion batteries are immature. Therefore, development
of advanced anode and cathode materials for Na-ion batteries is urgently desired but remains a great challenge. This paper briefly
reviews some recent progresses in this field, addressing the morphology effects, as well as functions of carbon composite materials
toward Na-ion batteries. Several electrode materials with micro/nano-structures based on the work of the authors are highlighted for

illustration.

Key words: sodium-ion batteries; micro/nano-materials; cathode materials; anode materials
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