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Enhanced Electrochemical and Storage Properties of
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Abstract: Ni-rich layered oxides (NLOs) are widely considered as one class of commercially available cathodes for lithi-
um-ion batteries (LIBs) , mainly ascribed to their high specific capacities and working voltages. However, two major hurdles
of NLOs for practical utilization are their inferior cycling stability and storage property, strongly deriving from the irreversible
bulk phase transformations and detrimental surface degradation. Herein, we demonstrate a combination of TiO, surface
coating and Ti** bulk doping modification to improve the cyclability and storage property of LiNi, 4Co, ,Mn, , O, synchronous-
ly. The TiO, coating layer is established by a simple hydrolytic process followed by a post-treatment at 800 “C that leads to
Ti* doping. Benefiting from the synergetic effects of chemical doping and surface coating, the TiO,-coated LiNi, ;Co, ,Mn, , 0,
(811@TiO,) material exhibits superior cycling stability with 90. 77% capacity retention after 100 cycles at 2C ( 1C =
200 mA - g”') between 2. 8-4.3 V, while that of pristine (811-bare) is just 80. 38%. Moreover, after 30 days of air expo-
sure, the 811@ TiO, electrode still retains 86. 12% of the initial reversible capacity delivered by the fresh one with 85.31%
cycling capacity retention after 100 cycles at 2C, which are greater than the corresponding values of 67. 40% and 68. 02% for
the 811-bare electrode respectively. Served with the analysis of CV, EIS, XPS, XRD, TEM, eic. , the improved perform-
ances are exhibited and discussed in detail.
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Fig. 1 X-ray diffraction patterns of the 811-bare and 811@ TiO, cathode materials (a), enlarged regions for the (003) and (104)

peaks of the XRD patterns(b, ¢), reitveld refinement of the XRD patterns for the 811-bare and TiO, modified samples(d, e)
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Table 1 Refined crystallographic parameters for the 811-bare and
811@ TiO, samples

Unit vol
Sample a/A /A " /\;{)3ume R, R,,

101.574 2.42 3.08
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811@TiO, 2.8758 14.2154 101.816 2.67 3.69
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Fig. 2 SEM images of the 811-bare material (a), SEM images of
the 811@ TiO, material (b)
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Fig.3 HRTEM image and corresponding FFT pattern (inset) of the 811-bare sample (a) , HRTEM image of the 811@ TiO,

sample and magnified HRTEM image taken from red region (inset) (b), cross-section EDS mappings of an 811@ TiO,

secondary particle (c¢)
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Fig. 4 Cycling performance (a) and initial charge-discharge profiles (b) of 811-bare and 811@ TiO, materials; charge/discharge curves at

the 5™, 25" 45" | 65™ and 100" cycle for the 811-bare electrode (¢) and the 811@ TiO, electrode (d); CV curves of the 1",

20™ and 50™ cycle for the 811-bare electrode (e) and the 811@ TiO, electrode (f)



494

Hh A ki

% 38 &

FHCH PO A B W R AR 7, 28 ad Tio, 2Ok A i
FCHL R R B e ) S RS B T A RO, A T
E—LHRIE Ti0, Bk J5 MHRMIE B AR e R4 i i R I, %t
JRIRFERT TiO, Bt BE 23 B AE 1, 20, 50 REIE A5 ST
RARAE(CV) I, SR de 1 4f JFR, PEESERH
BT 3 XA, 4T 3,72, 3.90 F14.15 V [ff
U, XN LR EAREE RS (H1) — B (M) . B (M)
—2REEH (H2) 2R G54 (H2) — 2R 454 (H3) X 3
AR S ARG IR L R, AR 3 Xt
AR R & AR KBNS, Fln, T 3.72 VA
R 223t 50 BB IR 1) = LA RS 2 &8 3. 83 V JT LB %
WM BRI S, X BERE R TR IR A o R
WAL ™ H L H 2 e R B, T X T 28 TiO, B PE
LiNiy s Co, , Mn,, , O, FER U8, AL G B /N F 5L IR
FEOH L™ JBE/ i ) T i M S i

YHEI 1, 20, 50 K& B B IR B A Tio, 2t 5y

LiNi, ;Co, ,Mn, , O, LA #EAT T EIS M3, 25 R WK 5 fr
IRo PIASFERY EIS 35 IR P2 B A— S RHZR A,
H e B AT XA T Zre il AR R BRI AL FH (R, ) ,
AN R A DX 21 [ ARG AR X1 2 (8] 43 S0 % 107 SEL R BH 47t
(Rﬂ,;)ﬂeﬂ%ﬁ%*g%lgﬂ(&.. ), TR R Warburg §
BB ) R S P RO AT LA, S
PIEHPEEE R INE 2 FiR, & E 2 A s alm, mA
B 0 BELC 1 B 25 106 2 1 A 7 IS T B, (LA X 1
GERE, TiO, VAR BHAB A 3G N TE S 2218 . LA H 17 4% #5 Ha
FEAE R, A B, 23t 50 BRI S, G HEM R, HH
91.24 1K Z 263.7 Q, i TiO, MM iy (AL Sh () R, ) 8
B /IN(60. 91 HERZE 119.8 Q) LA EIG R Tio, skt
B CH B0 TS A ORE S AR = TA) R I,
LiNi, 4Co, , Mn, , O, IE M RL ) S S s e, 4 R F
Z MG BB (A e/ R R O 5 A0

300 a2 300 5
—o— 1th-fitting 811-bare —o— 1th-fitting 811@TiO
250 - —e— 20th-fitting 250 F —e— 20th-fitting L
—e— 50th-fitting —oe— 50th-fitting
200 - 200 -
£ £ R« CPEI CPE2
< < / [
O 150F 150 — AT >>—‘4\M,
=~ 0—9—9—o g [ Rsei |_Ret
N o~ N N
100 F o’ % 100
o °-°
o*e00q on 090090,
PN o AN

O L 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400
Z'/Ohm

0 1 n L 1 I L L 1
0 50 100 150 200 250 300 350 400
Z'/Ohm

E'5 EISEHHLE . (a)811-bare JUHFE, (b)TiO, StPERE
Fig.5 The Nyquist impedance of the 811-bare sample (a), the 811@ TiO, sample (b)
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Table 2  Fitting parameters of the Nyquist impedance for the 811-
bare and 811@ TiO, samples

811-bare 811@ TiO,
Sample R./Q R./Q R../Q R,/Q
1 10.01 91.24 25.80 60.91
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Fig. 6

Initial charge-discharge profiles (a), cycling performance (b) and FTIR spectra (c¢) of the 811-bare and the 811@ TiO, materials

after being exposed for 30 days in air; XPS spectrums of Ti 2p of the 811@ TiO, materials (d) , Ni 2p of the 811-bare materials before

and after being exposed (e), Ni 2p of the 811@ TiO, materials before and after being exposed (f)
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