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Table 1 Comparison of lithium/sodium

TLE BT (pm) FrAEHLE (V) WA E (mAh g™ HhERAE R (%) W (76 kg
(L) 69 -3.04 3862 0.006 40
#4(Na) 98 —2.71 1166 2.64 2
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Figure 1 Anode materials of sodium ion batteries [13—18] (color
online).
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Figure 2 (a) The migration path of Na between the layers and on the surface of MoSe, [26]; (b) BET of DR-MoSe, and DF-MoSe, [27]; (¢) HRTEM
image of MoSe,-Mo0O,/C [28]; (d) the microscopic bonding of MoSe,@rGO; (e) XPS fitting curves of Mo and C elements [29] (color online).
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Figure 3 (a) Schematic diagram of the structure evolution of SnSe,/
rGO during the insertion process [33]; (b) ex-situ XRD of SnSe/C under
different voltages [35] (color online)

IEAZ RS R. im0 i (50 ) BR S V45 1
SnSe/CE &KL, EBNE T ra it TSR R rh o A
S AL PERE, ESOURMEHE U5 IH {-HF707 mAh g™
gy, JFdEd JEEAZXRD(E3b) 7 1 R
HHEHAaRLELS, MR

jSEApON N
SnSe+2Na +2e”—c-Sn+c-Na,Se @)
c-Sn+xNa++xe_+c-Na2Se—»a-NaxSn+c-NaZSe ®)
i AL A
a-Na,Sn+c-Na,Se—SnSe+(2+x)Na +(2+x)e” )

ST, SnSeHUARAEEI ILRE oA S AR BRI 4
BUEZAK, H T SR g5 PR PR AR E 1 L K 3l ) 2 ) .
HAl, JEF S UL LS AR R A 257k
BEAT O . FESSHIRE TT T, SnSeZWAK oA W, JZ2
IREE A 2D HLAR AR B S 1 Fi Tt A L AT EOK A B
FHIE 71, Wang25C R BRI AL 0%, 4 T 2D
HZARBISnSe K Fr, XA 1) 45 44 7T LA SIS
T AL G B T B BT AR, 7ESO mA g



REFRE: b 20224 Hs52E B3

TR T ASHS 1R FF463 mAh g 175 . Yuans @it
AN R TH 5 R R B KIS R AE AR F300 s il % T
SnSeK F %, AMNAEANE T it i B H S
EEEBE(738 mAh g BOTT ), £E A R
AT AEE E IO R G (3.4 V) LK R R R
(141 Wh kg™"), iiF BT S5 H06 bR Bk 2 e L
Ao EERE L

BREEMIVETE, KiSnSe S5Hibf kIR & g 1h5m i
EYEREN A XU R. T BB EME NS AR A AT LA
THAERH BT SR, IR NSnSedR b4y S ¥, 2%
iAAE T T o P A R R A8 Ak Wang 5 BYR i
B — BRI G R A T BRI BB A B B
JEJESnSefEF £i(~2 nm), 7E1400/% 78 UG 5 75 &
FECREALN0.014%, X T VH PR T J6 € 45 v] LA
B e B A IR AR AL, RN SnSe 5 7 S 44 2 1] (1)
F BB AR T TS T R4S, Kong
SN T e B G L2 S5 OB T BB XGOS FE, K4 SnSedhk
BT 2 ST U R NRGK AT b, 15235 T s g5 i —
SERAIRA N, ZEAMEHEL A ¢ K HEIREE T
233 500U IEFF G T RE 05 15-45283.8 mAh g™ (R IA
. EF IR E A FIXRD. HRTEM A JE A7 42 7
BHPTEEMAERAE T & ARG B, 32— 5 E 8
T SnSe il B HI 2 N/ HE Ak LUK £ 4 Ak I B )
[ PAN

ZHg.

2.1.3 WSe,

W Se, [ i 14 45 ¥ 5 MoSe, 3F H AL (2 7] FE
~0.65 nm), {H5MoSe,#Lt, WSe, 7E4HN B H i 1 Al
MEHOBEF AR AR, ShareZENEB] T WSe, & — il
BT EL, 7520 mA g BRI B I R e HLA
1200 mAh g~ fRZR R, f: RN G) FAR IS K Bk 45 R kAT
T Hrxt b, HoA SR CMC R EEZS 7], EC/DECH Hifi#
TR P R AR 2R R 7 A ot e 110 2% R R B PR A0 B 12
R4 77, YangZ R H S AR & . JE SR AL XRDEEM
(Kl4a, b) RGIHBIGIE T W Se, 7F 76 i FEL i FE Fp () AT 3 4%
eI
WSe2+4Na++4e_—>2NaZSe+W (10)
Na,Se—>Se+2Na'+2e” (11)

RFAFEEREWSe, LR, KimZE ™4 T 854
BV RRIREG L AIWSe, 40k, IRtk — 25 LU RE(E N
BRIEEAT B, AR NN T rIh S M TE B 45 77 £

A
o
&
T
e

Se 235cm™

w»‘/\wy\ av
Wse, 245cm™'
ocv

10 20 30 40 50 60 100 200 300 400
20(°) Raman shift (cm™)

Intensity (a.u.)
Intensity (a.u.)

4 30 25 20 15 10

Bl 4 WSe, 49K BRI AIXRD  (a) A S IR A F7 2 P
(0)*"; (c) TiSe, I AT XRDMR (4 i 7 [€)

Figure 4 (a) Ex-situ XRD and (b) ex-situ Raman test of WSe,
nanosheets [41]; (c) in-situ XRD test of TiSe, during the first two
charge and discharge processes [44] (color online).

WAk}, RIS B S RE, XAUERE TR
TR IE S W Se, 2 [B] W R 2808, Tk (078 i — 42 Tt
TREH R SR RE AR E . Kang i i 47 (5 )
JNEA R TN PHB IR B I WSe,, HIHKIWSe,
YUK P ) S ARAE BRI T, (AR R I = 2
(0.1 A g "FHIA427 mAh g ) L K AEER
(1 A g FIEFR1500 55 IR {45265 mAh g 7).
[FIE, OB AR5 Nay Vo (PO, ), 1E W 2H 2 i 1 4k = 1
SEMAE0.5 A gm FIEFR 12005 13 IH BE 0% fR45210
mAh g~ IR

2.14 TiSe,

TiO, K H AR L fE RPHAE M . JefEfb . fHRESE
SIRAFE] TIRNIGRE AL, SR, TiO )& 51k, T
PEZ, SRR R R R AN AR, R, 5
FLR TR TiSe, LA 1 57 1 S W itk 51 k2 1 BF 72 3%
f{963E. ZhangZ5 Y BF 98 T TiSe, 4K F 76 4 55 - FEt
FR ) LA 2 S 8, I AT XRDIIA(E4e), 7T LI 2
BB T RN, E TR IR VAR ISEALS
J7 4R N2 5, TiSe,, M HME— P 2 1.5 VI, H
P 2 8] 5 BE KRS 75 AN ay 7, TiSe,, 4 FLIH S L

389



DUARSE: AN 1 HL T < R AT AL SRR T 7 ik P

£ 1.0 VI e & JE HiNaTiSe,, SNTETiSe,H i A it
a2 BL T IE B

JHCH:

TiSe,—Na, ;,TiSe,—Na, ;,TiSe,—NaTiSe, (12)
T HA:
NaTiSe,«»Na, 5, TiSe,«>Na, ;,TiSe,«TiSe,+Na,TiSe,

(13)
TiSe, itk B A RIFHILL A (0.1 A g7 F147 mAh
g ) R HIEFRERE0.5 A ¢ FAEFRS007K J5 75 {1
FE115 mAh g )RR B VEB(TE5/10 A g [ IR 5
FHIA110/103 mAh g ™), SR70, HAEVIIHA .
LiZ& "1 % T TiO,-CNFs, 3f 8k — 5 5 aH BT i fk
N, 1337 TiO,-TiSe,-CNFs, 52T =& 2 [l [F
VEH, E ORI/ 3 5 4R T, 7601 A g R
60075 754230 mAh g™, Yang el Ol jot 7 o fry
AR LA T S5 4R TiSe,/Fe; O, 2 & A KL,
R P S5 JR 5 e LA 2B 4 D) ) s ) 2050 R 4ok LA B 5 1
Ht R B B TR B, 7E0.1 A g7 RIEHR 10075
5554023 mAh g ' IE IS A R, H4 A ¢ I HE R
#£203.3 mAh g B RS R LA

22 ERREEMALY
2.2.1 FeSe,

TEN—M BA BB AR S WO, R 2R
L, FeSe, 512 T HUIBHF 704 (A K D48, Zhang 2R
FCVIERZE A A = A7 XRDIR (] 5a, b)IRFL T FeSe,
E FA 2 B AR A A Hh A ) s

i GELNE

FeSe,+xNa +xe —Na FeSe, (14)
Na,FeSe,+(2—x)Na +(2—x)e”—Na,Se+FeSe (15)
FeSe+2Na +2e”—Fe+Na,Se (16)
FE HL

Fe+Na,Se—FeSe+2Na +2¢~ (17)
Na,Se+FeSe—Na, FeSe,+(2—x)Na +(2—x)e~ (18)
Na,FeSe,—FeSe,+xNa +xe~ (19)

YRTTT, FeSe, E A ES T Hits o i1 52 7 FH 473 1H 52 R
TARH SR LR A R R AR K, Ho
5 RIS B A B A R M B A, xhix—
IR, Xin 25 T R P B B T R AOK R 4
(15> FeSe, IR, 1% 4544 7T LAY 1k LR 7E 540

390

(a) """""" [ FeSey/SG (b) !

Intensity (a.u.)

in
=t
e

(c

DOS (arb. units) —

DOS (arb. units)

a
=)

-6 2 2 6 10

-10 -6 2 2 6 10 &
E-E, (eV)

E.EF (eV)

B 5 FeSe,/SGHLIZIICV (a)F1dEEAXRDIIAD) " (c, d)
FeSe, LA J NayFeSes ] i 4 5 i A 43 A 2 B 11 (0 44 i %
K)

Figure 5 (a) CV curve of FeSe,/SG electrode, (b) ex-situ XRD test
[47]; (c, d) total density of states and partial density of states of FeSe,
and NasFeSe; [51] (color online).
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schematic diagram of sodium storage mechanism of cobblestone-like
CoSe, [57] (color online).
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Figure 7 (a) Preparation flow chart of N-CNT/rGO/CoSe, NF [60]; (b) Design scheme of CoSe,/BNG anode [61]; SEM (c) and TEM (d) image of
CoSe,@N-CF/CNTs [62]; (e) preparation process of CoSe,@BCN-750 nanotubes [64] (color online).
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Abstract: Sodium-ion battery has become the most likely new generation energy storage system to replace lithium-ion
batteries because of their rich resources and environmental friendliness. However, the lack of anode materials with high
capacity and long cycle stability has become the key to hindering the development of sodium-ion batteries. Metal
selenides have the advantages of high theoretical capacity, high security and easy morphology design, and have
gradually become potential alternative materials for the anode electrode of a new generation of sodium-ion batteries.
However, the intrinsic conductivity of metal selenides is relatively low, resulting in poor cycle stability, which generally
needs to be improved by morphology design, doping, or compounding. This article introduces the research progress of
various metal selenides for sodium-ion batteries in recent years, focuses on the current problems and corresponding
solutions, and brings forward the development prospects of metal selenides in sodium-ion batteries.
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