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Study on the effect of vanadium source on the electrochemical
performance of sodium vanadium phosphate cathode
materials for sodium-ion batteries
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Abstract: A series of Na;V,(PO,),/C anode materials were synthesized by sol-gel method, using the in-
termediate products ammonium polyvanadate (APV, NH,V;0s) prepared by different vanadium extrac-
tion processes and high-purity vanadium pentoxide as vanadium sources, and Na,CO,, NH,H,PO,, and
citric acid as sodium, phosphorus, and carbon sources, respectively. The effects of different vanadium
sources on Na,;V,(PO,),/C anode materials were investigated in detail through XRD, SEM, battery test-
ing system and electrochemical workstation. The results show that the Na,V,(PO,),/C (NaH-NVP) cath-
ode materials prepared by ammonium polyvanadate from sodium method for vanadium extraction as the
vanadium source present superior high-rate performance, i.e., reversible capacities of 98 mAh/g and 64
mAbh/g at 5C and 10C, respectively. The research has expanded the selection of vanadium sources for
synthesizing sodium vanadium phosphate materials, which has a positive significance in reducing the
preparation cost of sodium vanadium phosphate.

Key words: vanadium source, sol-gel method, sodium vanadium phosphate, cathode materials

Wr#s B 8B:2024-07-18
YEE B TALAER, 1997 4R 2R, 53, )i e A, ARl TR0, 4 3 M S5 40 i S 40 T 935 o o A LR B 2 R AR,
E-mail: 2534763740@qq.com,


https://doi.org/10.7513/j.issn.1004-7638.2025.02.011
https://doi.org/10.7513/j.issn.1004-7638.2025.02.011
https://doi.org/10.7513/j.issn.1004-7638.2025.02.011
mailto:2534763740@qq.com

#24

FAA, 2 LB BERR BN ES T IEBA TR A=A E BRI 5T =77 -

0 ¥

VAR, 25 T DB BE VR R 47 b A e it BE
Pl )R R, R A BRI R B S
AR = SR, MRS ORI A ER L TR i AT
T, 4R A 24520 8 900 J7 1, i A FRAY
PR GEIR B 3o A e m SR, TR B A AR BT IR
15 ABREY 6%, 3% % B B B H it 7=l ) i AR
FE RS & R ANF . BN T b R T R A
WEAE R, ARG Y, AL EA SR T
AL A B Tt TR AILER, 00 A B e e 0 AR
B, B — R4 8 b Y “HR 5 ¥R Li
BRI Na 5520 il , 14 22 28700 (A1 L
FE& T4 F e st 045 IEAR R il . B Fra
b 9 1E W% A4 RE A 45 2 R A AL 9. W NaMnO,”,
Na,Ni,Co, ,0,". Na,Co0,"™ Na,;Ni, ;Mn,;0,"; &
+#EFAAY: U1 Na,CoFe(CN), s BB FRIULE
). 1 Na,V,(PO,),F,". NaFePO,!"”, Na,V,(PO,),"".
FEZ A B, RO E T EIAL S Na,V,(PO,),
A TAER R R . MBS ATE . Na ™ Bl P

SEph i, Bz R U 2 B, e A
B e RE SR EL LT 7 1) B S L Tt LR
FHEE

FEBA ST HRGE 2l AR AL LR
LR E (NH,VO,) 45 Na,V,(PO,) (i fk NVP) i
TR, X PR ELIE ] £ T 2 R HU
A, AR TR AHE . B AT, KE8
BL= i B A P TR R RE B 28 i b R
TR BB S LG i, VBT TP DS Y B T
M AR T R R R B RS B R b, H T 2R My 1)
EEAP L TP S INEN R S ER BRI AR, K v (D
SEREAE VV), SRIFH TR (B T2 KR,
BRI T2 NIRIZ ) FBR 2 LASKAS S AR . XT3
BLA B TUIE (R T A4 AR ER T | Uk
U, AR E rpR] = g Tl g 2 PR B (NH, V0, 17 FR
APV), BB a 1538 Tl h 8k — " malife
FAAA LI T B — 25 )V A - 2 U T EERE,
AT = F APV, MifRAER 2 (NH,VO,) 2 H &
T2 5 B SR DTS 2, UUAL FR 8 8 75 2R
T SRR R 2 e e 2 S i v B A L R AT
PER, e ER TR Ak, SRR UL T
WA AR = RIS | BRI B v S B, X A
PR L A P= AR B T APV, LT Ib, IR T
JE T AARE AES D BRAAS2 A 8] =4 2 R B A
BB U R B AN LE AR B sk, TR Bt A e & S Ak —
B BLIR A R B R BN LE WA L R 5 L, AT

TR AR RE R 2R, PPAG Tk g APV EHEAE N
PUBES BERR LB AR T AT, I RRARIZAA R
B BURA T AP EPEAR AL

1 REAREZ %

1.1 MR &

K R e -BE I 21 5 NVP IE AR, HA il
NEEWE 1 R, AR n(Na) : n(V) : n(P) : n(C)=
3:2:3: 4 FREL Na,CO,. PLTER (805 A 472 2 4L
LIRS PRI 2R EL) | mal V,0,(Z4E
M, 46 99.7%) . NHH,PO, FlkriEme (2, 1 r
afi), M AZ] 150 mL 25 27K, F4% n(EER)
n(V)=6: 1 IAFFR (25, 4rah) IR 5395, K L
WIRAWCEAE 80 °C ARV, Ptk B E 7%
TR 53, 15 BREE R ATIRAR, SR 5 KR EE R B A B
2 FEA T, T 100 °C F R 8 h, S RIRTIRY) . 7
EREAR, B ETERYIAE 350 °C FUEBE 4h, T
750 °C T8tk 8 h, ATARAFAFIFLIET NasV,(PO,),/C
PR R TEF X SO e SR s 2 B IR L | 55
PR 22 IR B A v 4l A AL, A B RTAR R
% APV, 575 APV K4l V,0s, il 45 B IE A A1 R
43 5kRic A~ NaH-NVP, GaH-NVP #l GC-NVP,

e N ———— 1
] ]
b am DLBRBERE ;
: NH,H,PO, :
1 C¢H30;,-H,O 1
; Na.co; 80 “C/6 h E |
{ :
1 P H i
H e e |
: :
; S e Q \w i
i < i
; MAINVP@C  HTEE
i_ kL AR i

B 1 BR-EREFE NVP ERMEHERRE
Fig. 1 Synthesis diagram of NVP cathode material pre-
pared by sol-gel method
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Fig.2 XRD patterns of NVP cathode materials prepared
from different vanadium sources
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Fig.3 Surface morphology and regional magnification of NVP materials synthesized from different vanadium sources
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