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(d) SEM of mono-dispersed cubic NVOPF

e) Schematic diagram of co-precipitation method of feeding; (f) SEM

TEAG[E AL F Nguyen 257 7E 24 800 °C Y iR
T #EFT T VOPO, VPO, \Na,CO, Fll NaF 445 5E fb 27
T R, G T BAAAFE F/0 By NVOPF,
HCH A K BE AT R b R TR R T M R o DL
NVOPF 7K F& & ¥ 09 FF s, {H 15 1 & 9 J2, Shen
SRS — 25 Bk D ML A 2 A R T
NVOPF, M JC75 5 22w im AL B, W 4 (a) iR, H
H OCHETE T30 J 50 £ R ¥4 e ( HONH, - HCL) 19 in
AGHARSIE T Vi VO R4 i A, o i i T
NVOPF @R BURL, Yin 2510 58 43 155 25 1+ 1 Fl 5 45
PEAE AL B YR % T NVOPF/rGO R &2 & 4 L,
WK 4(b) fiizs ¥ NH, VO, NaF 1 NH, H, PO, i) JC
FURLUREE W) 03 1) St LV i 2E 2808 /K )



WF-45 . BN T HUBIER AT Nay (VOPO, ), F BF5EE

Solid-state synthesis
room temperature

15
eilgl®
0%

&°e
NakF
® NH,VO,
@ NI PO,

Dissolution

Electron/ion
transport pathways

NVOPF/GO

Calcination

NVOPF/GO

spherical precursor

4 (a) EESHEIKEAR NVOPF REE™ ; (b) BIE TR &M NVOPF REE™!
Fig.4 (a) Schematic diagram of NVOPF synthesized by direct high-energy ball mill-

1381,

ing"®!; (b) Schematic diagram of NVOPF synthesized by spray drying method*

WERFINA GO ¥ BAE R B UR B FIr A5 75 T 25
T ZE R IR RIS TR Ak, e | il bt is
2 7 E FHMER 1GO EHMUFE R NVOPF 4K 1HER .

3 NVOPF gyt

JL4& NVOPF 1E & SIBs 1E W4 R B A 4 £ 4
S B ARG T S R AT AR AT TR A
b2 ERE . I, 38 i SR DRI A1
HAb2AERE B R I, A9 & 1A M4 R el bk
AT T RE 2SS, B, B3R R
B TR BA RT RO SRTTHAE Z Rl S mg , mT
LA R0 5 A A2 MR
3.1 BRI

ekt B T R AR iR e vy
ML A2 B2 S, ToE Tk A S50 R 2T 2k
E 5B G  AOE AN S B AESE 17 HLAR
PN RIS R D) UL SR elotE B AT 2 A

S (DS FURR S22 AT LA ST 30 H, R85 22 [R] (9 B
SRPHEY R QB8 2 A B i A2 S R e
PERT 7 16 PR A RE5 H figf 57 22 1] 79 1 52 07 5 B b
BT AGE ol g 1 (B0) i A R vh b R & 2B 1 BN
R

T2, AT S M BRob RH4 5) 43 HBOEE K A
A 37 W I v, (8 Bl bR 2 TR RR K R RE ML AL
NVOPF 7E 5 R A6 5 i it A4k} 35 11 35 A i A Fl g
AR, UILTFIRTEAZ KK, B i NVOPF 56
A RRL, Chen 451 58 il B 4 a1 2 LBk 35 50
SYEUTE IR KRG BT NVOPF a2t =42 fL
Bk = 4t 52 & B RF (587 S NVOPF) (&l 5
(a)),f£0.2 C I B 131.5 mAh/g 0955 L & i,
AL, Cai %5 3B 1L KE vGO VTR A3 HULE H AR I T
K BG v S7 5 R UKL NVOPE 34 2] i A= K 7E
rGO £ L& M T NVOPF@ rGO( & 5(b) ) , X F4h
PSR T FL A T S LA A, B TS /TR

13



g 2024 45 6 1

B5 (a)Z#®5E NVOPF £4™; (b) rGO @
NVOPF!'!; (¢) CNFs; (d) CNFs @ NVOPF!*! ;
(e) rGO@NVOPF g3k ™!

Fig.5 (a) Porous carbon composite with NVOPF!*! ,
(b) rGO@NVOPF*!. (¢) CNFs; (d) CNFs

@ NVOPF!*!,

[39]

(e) rGO @ NVOPF micro-

spheres
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chemical performance of NVOPF

(b) In situ XRD patterns of the ion exchange
; (d) Effect of K* doping on electro-

; (e) GCD curves of NVOPF under the control of different voltage

windows; (f) Different lithium lithiated state of the NVOPF crystal structure schematic'®’
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for sodium-ion batteries
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Abstract: Na, ( VOPO, ),F (NVOPF) has emerged as a promising cathode material for sodium-ion
batteries ( SIBs) due to its high specific capacity of up to 130 mAh/g, an operating voltage of
approximately 3.9 V, and excellent structural stability (less than 2% volume change ). Extensive
research has been conducted to enhance the sodium-storage performance of NVOPF, including
hybridization with various conductive carbon materials, design of micro-morphology, and anions-and
cations-doping modifications. This paper focuses on the synthesis methods and the intrinsic principles of
NVOPF, aiming to deepen the understanding of the research process surrounding this material.
Additionally, we provide an in-depth explanation of the unique microstructure of NVOPF and its intrinsic
relationship with sodium-storage performance. The paper not only details the current research status of
NVOPF cathode materials, including milestones achieved and existing limitations, but also anticipates
future development directions for this material. We hope that high-performance NVOPF cathode materials
can be successfully applied in practical scenarios, leading to new breakthroughs and advancements in the
field of energy storage.

Keywords: sodium ion battery; Na, ( VOPO, ),F; cathode material; synthesis method; carbon
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