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Abstract: This paper summarizes the applications of TiO, with oxygen vacancies composites in sodium-ion battery anode
materials at home and abroad in recent years. The paper firstly introduces the methods of TiO, with oxygen vacancies genera-
tion, such as chemical reduction, anoxic conditions, metallic or non-metallic doping, eic., and some common methods of
oxygen vacancy characterization, such as EPR, XPS, STEM and other techniques. The role of oxygen vacancies in TiO, is
highlighted, which can significantly affect the physical and chemical properties of TiO,, including energy band structure,
crystal structure and adsorption properties. It is shown that oxygen deficient TiO, can significantly improve the sodium storage
properties. Also, the electron/ion transfer impedance is reduced by modulating the ratio of TiO,(001) crystallographic activ-
ity through the crystallographic surface control agent NaBF,. Finally, several methods for the preparation of oxygen vacancy-

rich TiO, composites and their practical applications in the
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acceleration of sodium ion adsorption and diffusion kinetics,
resulting in excellent electrochemical performance. This pa-
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Fig.1 Hydrogenated TiO,: (a) schematic representation of the formation of TiO, intermediate band gap states, (b) pictures of white and black TiO,, HR-

TEM images of white (¢) and black (d) TiO, nanoparticles[m ; (e) oxidize digital photos at different times, (f) UV-Vis spectra
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Fig.2 TiO,-Ar sample characterisation test’; (a) EPR spectra of as-prepared samples, (b) XPS spectra of O 1s in the TiO,-Ar sample
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Fig. 3 Schematic of TiO, @ TiO,_,-P and S-TiO, preparation and elec-

trochemical performance: (a) schematic illustration for prepara-

tion of TiO, @ Ti0,_,-P core @ shell nanostructures''”’; (b)

schematic illustration for the preparation of S-TiO,, (c¢) cycling

performance at 10C for 10 000 cycles[zﬂ
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Fig. 4 STM images of oxygen vacancies in TiO, captured in circles ¥}
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Fig.5 FESEM images of anatase TiO, single crystals synthesized in

1.2 mol -L™" HCI at 130 °C for 12 h with different concentrations
of NaBF4[43]; (a) 0 mol -L™", (b) 0.0075 mol -L7", (¢)
0.0150 mol L™, (d) 0.0225 mol - L™, () 0.0300 mol - L',
(£) 0.0375 mol -L™'

M7 RERE (130 °C ) il NaBF, ¥ (0. 0225 mol L")
PREEARAS ) ATLL&RBE(100) F1(001) & 18 B 43 L 7T LLE
it HCl WM EE SR FE ], MKl 6a~6c P LIE H, KiZE HCL
HeBEM 0 17] 1.0 mol/L AN, ARZRIAIREARY (101) fIfIZ
WIHSE; 24 HCL MR AR FEAE 1.2 mol/L LA LR, HFET
(100) FI(001) fh AT (& 6d~6f) , A ERAIIE, (100) &4
B E 4 He B B HCL v BE A9 384 hin i B I (&1 6d R 62%,
& 6e N 54%, P 6f N 42%) '+,

6 7E 130 °C FJH0.0225 mol -L™" () NaBF, 75 a5 iy Eh e rf
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(b)0.5mol L™, (¢)1.0mol -L™", (d)1.2 mol -L7", (e)
1.5 mol -L™" #1(£)2.0 mol -L™'1#!

Fig. 6 FESEM images of anatase TiO, single crystals synthesized at 130 C

with 0. 0225 mol -L™' NaBF, in different concentrations of HC1#!
(a) Omol -L™", (b) 0.5 mol L', (¢) 1.0 mol - L7", (d)
1.2mol-L™", (e) 1.5 mol -L™", (£) 2.0 mol -L™"
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BEIRENEEH S, 6150 C T, 538 [ 6 Tio,
HifR, Wil 7E 600 °C T Av/H, S8 TR T A2
TiO, Bk, HRIE &A% MR Tio,; kS
MR AL A TiO, BRI HLTE = 2 B RR S F e 92 o
W (Trisbuffer) H; 3l i B PR 22 0 B ER W 46 7 i 3 1ak
RAW T, B REamnE,; ke, BEORK
1 Av/H, SE TR PHE 600 °C FALHE, 58] T A3
FBRUR 2 AR BIALE™ Ti0, ™ |
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AT LA SRR S P e 1) 2 o A R SR | AT 348 o el
e/ FEL A SO B o T AR 4 e S T US4, T TiO,
TREYAAE B PR % | Ti0, FEE AR R B AL 2p e fE 2
PRSI, 51 AGEAS A — A fif P I 2 ) L1 A i

WS . CZEW, 78 TiO, gl A Tit for f 3 2
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TR E S ELG R TiO,, Ak, il & 0 5 & Bk
4 TiO, ,/C EAMERAYIE, HP-FHEHAEHR 5 nm
FEAN TiO, 9HK SRS S o A A 22 FLRR AR

B LAY TiO, ./ C Z A A . MIL-125(Ti)
R ot 4 2 2 SCik™! e R E 4 RSk
MIL-125(Ti) F1 Mg R IMA B L B T, HH6 2R
Pk 0.5 h, SRIGTESEFE AL E 60 C LIZE LW
PR R BB AR A L, #E A AU 700 CF
s VA EERG, KBCERIR R AR S EA HCLE
W LAR PR AT E 1 Mg 39 0, ARG, HZEmK
vRI; w5, EESTRE, RS E S EM T, /C
AR
4 |FTMTO, EESHBIEMNE FEMRA

Rt kR B Rz R R

TiO, HA R UF0E e v RS 5 aiAS , AR+
FL 3 P AR L R AR (R R, A B AL N K 2 TiO, I
S HLRE R R S0 3 5 R A 2 PR BB U R ORI, Wang
AT D) 20 i ( PED) A1 Ti, C, T, MXene 1 b B 9K {4
BT BB 28 W AE i 1Y Ti0,/Ti,C,T, MXene ( NC-Ti0,/
MXene) , AHGEFWE 7 FiR, Hpgik Tio, Bk 5
BOE MXene 216, Ti, O, C fl N TR B L) /04, NC-
TiO,/MXene [ K Lt 3% 1 FRLRITAR A2 19 25 14 A 1 T H ik o
HBERA W Na' fEf . HE T BA & AR Tio, il
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TAESRL T —Fh G B A B SR AL 2 PERE Y TiO, S
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£ 10C 5000 IRIGHA 5 AR FFF N 98.8%, LIKTE 15C
TAEN 150 mAh -g”') . B RIS S A R
¥, NC-DTO fifi 41 BE 19 35 w082 1 T A48 24k
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Fig. 7 Schematic illustration for preparation of nitrogen-doped carbon decorated TiO,/MXene hybrid ( NC-TiO,/MXene) L]
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