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Abstract: Niobium-based oxide negative electrode materials have attracted much attention because of their
excellent lithium-ion diffusion rate, but their poor electrical conductivity severely limits their large-scale
application. In this study, the effects of different cationic doping on the bandgap of H-Nb,O, state density were
calculated by using the VASP software package and Hubbard modified generalized gradient approximation (GGA + U).
The results show that Ni, Co and Ag can improve the electronic structure of H-Nb,O, and reduce the band gap
compared to pure phase H-Nb,O, from 0.35 eV to 0, 0.13 and 0.17 eV, respectively. On this basis, H-Nb,O, doped

with Ni, Co and Ag was prepared using the solid phase method, and its structure and electrochemical lithium storage
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mechanism were studied, respectively. The experimental results show that Ni-doped H-Nb,O; exhibits the best

electrochemical performance among the doped H-Nb,O, anodes. The specific discharge capacity reaches 203 mAh/g

at 2.5 C. The capacity remains at 89 mAh/g at 50 C. The capacity loss rate per 3000 cycles is only 0.002 1% under
the 25 C condition. The calculation results show that the migration barrier of Ni-doped H-Nb,O; is 0.674 eV, much

lower than 0.847 eV of pure H-Nb,O..

Keywords: lithium-ion battery; cationic doping; niobium oxide; first principles; negative electrode material
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Fig.1 Mainview (a) andsideview (b) of H-Nb,O,cellstructure; mainview (c) andside view (d) of cation-doped H-Nb,O, cell structure
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Fig.2 State density of H-Nb,O, doped with different metal cations: (a) pure phase H-Nb,O;; (b) Ni@Nb,O,;
(¢) Cu@Nb,0,; (d) Mn@Nb,0; (e) Co@Nb,0,; (f) CA@Nb,0,; (g) Ag@Nb,0;; (h) Fe@Nb,0; (i) Zn@Nb,0,

23 RUAESEIHR

P41 H-Nb, O H T B i (SEM)EI(K13(a))
Al UL, H-Nb,O, 5 b 52 AN #0 AR, i RS 29
500 nm [ ik EEHERUE N 10~15 pm 950K, [513(b)
FF 7R S 4 A H-Nb,O, 135 4% Ni** , Co™ | Ag’ Ji7 il 45 +4
BLAY XRD 3, iR AL T 23.9°40 A (110) & 11 A7 5
W] L 4B Nit* . Co™ | Ag ) , 1Z &34 0] 22 R A% , 1
A2 1 ) B AR R [ 3 (e) (R 3(g) LR 3 (k) T
23514 Ni@Nb,0; . Co@Nb,0; . Ag@Nb,0, [t SEM &
1% ,Ni@Nb,0, .Co@Nb,0, . Ag@Nb,0, #1 ¥} 5 5

H-Nb,O AH LA TC AR fh . AHR Y EDS &3 (18 3(d)
—RI3() JE3(h)—K&13() J& 3(D—E 3(n) ) R WA}
ot E o A ¥ 5, IF i — 2 UE 52 T Ni@Nb, 0,
Co@Nb,0, . Ag@Nb,O, 1R T &4 Nb 1 O JLR I, i
S BN Co AgTEER .
24 HiLZF1ERE

i F AR 2= BH A L (EIS ) #R5E T H-Nb,O,
BANT [ Co™ \Ag'JT , T il 25 R HL - RS 4%
EERE (F 4(a)) o me Aot DX A 2 [ % 7 T L A 2 72
FLBH (R, ) , TR DX 358 Ay 1t PR AR 2% Warburg HE



736

et rkisds

2024 4F 10 H

(b)

98 JE /a.u.

W.__J\/ULWJUJW‘Q__)WU |
“--«-_.A_u»‘lw"‘u_‘,u.,__;u ) kA Aﬂ g@NP&
[ Al

R WA | W‘LJ;M.J'JJN'\A_)._ Y

Co@Nb,0,

IV SIS Y U SR

| Ni@Nb,0,

l
L T TSN T

H-Nb,0,
_PDF#37-1468 ,Nb,0;

10

3

20

30 60 235 24.0

= (1)

40 50 70
26/(°)
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Fig.3

(a)SEM diagram of pure phase H-Nb,O,; (b) XRD patterns of pure phase H-Nb,0,, Ni@Nb,0,, Co@Nb,O,,

Ag@Nb,0;; (c-n) SEM and EDS element Atlas images of Ni@Nb,O,, Co@Nb,0,, Ag@Nb,O,
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Fig.4 After doping Ni, Co and Ag with H-Nb,O,: (a) EIS spectra in the frequency range 0.1-100 kHz;

(b) CV curve results from 1.0 V to 3.0 V voltage range at 0.5 mV/s sweep speed; (c) magnification performance at 1-50 C

current density; (d) cycle performance at 2.5 C; (e) long cycle performance at 25 C current density
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Fig.5 Differential charge density diagram of Ni@Nb,O, (a) ,Co@Nb,O, (b)and Ag@Nb,O.(c);
charge density diagram of Ni@Nb,O,(d),Co@Nb,0,(e) and Ag@Nb,O,(f)
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