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Abstract: With the increasing demand for light, small, high power rechargeable lithium ion batteries in the appli-
cation of mobile phones, laptop computers, electric vehicles, hybrid electric vehicles, electrochemical energy stor-
age, and smart grids, the development of anode materials with high safety, environmental benignity, high power
density, and long cycle life is in progress in recent years. The spinel lithium titanium oxide (Li;Ti50;,) anode has
become more attractive as alternative anode because of its high safety, abundant titanium dioxide raw materials,
stable charge/discharge voltage plateau of 1.5 V (vs. Li/Li"), and excellent cycling performance due to its zero-strain
volume during charge/discharge process. However, the commercial use of LiyTisO;, anode material has been hin-
dered by the low intrinsic electronic conductivity. This review focuses on recent studies of the electronic structure
and performance, synthesis methods and strategies for improvement in the lithium storage capacity, charge/discharge
characteristics, then on its near future development.
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Tablel Summary of representative LTO doped with various cationsg/anionsin theLi, Ti and O sites
. Doping P
Ion Rzigls content  Size/nm C;ngé?tl (}(llifiir_gi) Cycle(:nlzzr}ff)rgl)ance/ Method Ref.
molar ratio pacity & &
Cation doping in the Li sites(radius 0.076 nm)
Mg?* 0.0720 0.20 100-200 190.0(1C) 179.0(1C, 100)°; 150.0(5C, 100) Solid state reaction  [30]
Ca** 0.1000 0.10  1000-2000 169.7(0.5C) 162.4(1C, 100); 148.8(5C, 100) Solid state reaction  [31]
Sc** 0.0745 0.05 200 174.0(1C); 94.0(40C) 94.0(40C, 50) Sol-Gel [32]
Cu** 0.0730 0.05 200-600 158.0(0.1C) 143.8(0.1C, 150) Sol-Gel [33]
La*" 0.1032 0.06 245 169.0(0.1C) 153.4(1C, 10); 146.9(5C, 10) Liquid method [34]
Cation doping in the Ti sites (radiusTi**0.067 nm, Ti*"0.0605 nm)
APY 00535 0.5  50-200 216.0(1C): 163.0(10C)  180.0(5C, 50); 160.0(10C, 50) ~ Cellulose-assisted gly- 55,
cine—nitratecombustion
Zr*" 0.0720 0.03 200 165.0(5C); 152.0(10C)  142.0(5C, 200); 127.0(10C, 200) Liquid method [36]
Ce*" 0.0870 0.10 <1000  190.0(0.2C); 40.0(2C) 140.0(2C, 100) Solid state reaction  [37]
Ta’" 0.0640 0.05 500-1000 193.0(0.2C) 132.0(5C, 100) Solid state reaction  [38]
Anions doping in the O site (radius 0.14 nm)
i 148.7(0.5C) i .
ClI" 0.181 0.2 3-8 um 133.8(0.5C, 50) Solid state reaction [39]
120.7(2C)
Br  0.196 0.3 1-2 pm 174.0(0.2C) 138.0(10C, 100); 104.0(210C,100)  Solid state reaction  [40]
Note: a: “190.0(1C)” refers to the initial discharge capacity is 190.0 mAhg ' at 1C;
b: “179.0(1C, 100)” indicates that discharge capacity is 179.0 mAh'g™" after 100 cycles at 1C
£2 B TREZMEAEFBZ LigTisOn B Li, Ti, O BALANT 4EEAI RN
Table2 Summary of representative LTO doped with various cationsin theLi, Ti and O sites at low potential
. Doping content Size/ Initial discharge Cycle performance/
Ion  Radius/nm molar ratio nm capacity/(mAh'g’l) (mAh‘g’l) Method Ref.
0-2.5V) 216.4(0.5C, 30)
a. 198.0(3C, 100 i
> 0.074 0.20 1000-2000 271.6(0.5C)%; ( ) Solid state (6]
223.0(3C); 186.0(5C, 200) reaction
206.0(5C)
. (0-2.5V) 231.0(0.12C, 100)
Nb 0.064 0.05 Sol-Gel [46]
351.0(0.12C)
(0.01-2.5V) ) Reverse mi-
Ru*  0.062 0.05 100-200 123519'8((63& 1?8())’) croemulsion  [47]
274.0(3C) . > method
0.01-2.5V 203.0(1C, 50 i
B 0.103 0.10 500-1000 ( ) (16,30 Solidstate )
214.0(1C) reaction

Note: a: “(0-2.5 V)271.6(0.5C)” refers to the initial discharge capacity is 271.6 mAh'g™" at 0.5C from 0V to 2.5 V
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Table3 The effects of the carbon source, carbon content, thickness, and graphitization on the
electrochemical performance of the carbon coated LisTisO1,

Carbon Thickness/ Initial discharge Cycle performance/
Carbon source content/wt% nm capacity/(mAh'g’l) (mAh'g") Method Ref.
LPAN+CB 3.64 3-5 166.2(10C) 141.9(10C, 200) Solid state reaction [49]
PEDOT 10.00 10 168.7(1C) 167.9(1C, 100) Hydrothermal reaction  [50]
156.7(400); 114.2(40C, 200); One-step
Sucrose 8.60 2-4 142.1(60C); 98.1(60C, 200) liquid [51]
132.8(80C) 82.7(80C, 200) process
165.7(1C);
o 161.7(5C);
Citric acid 1.32 2-3 153.9(10C); 144.9(20C, 50) Sol-Gel [52]
147.9(20C)
Glucose 8.96 8 170.9(0.5C) 155.6(1C, 100) Hydrothermal-solid 55,

state reaction
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Fig. 5 Schematic illustration representing the electron conduction Li” and Li" transport according to
the number of graphene layers on the LTO surfacel®”
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(b, ¢)H! HRTEM & F(d)P% Fig. 7 Different magnification SEM images of Li TisO,,—C
Fig. 6 (a) TEM image of the Li,TisO;, nanoparticles and (b, c) nanotube arrays on stainless steel foil !

TEM and (d) HRTEM images of Li;TisO,/C nanorods?®”’
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