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Abstract: Spinel LiMn,;,Ni, TiO4(x=0, 0.1, 0.2, 0.3) cathode materials were prepared by Sol-Gel method. The surface
morphology and phase structure of LiMn, Ni,TiO4 (x=0, 0.1, 0.2, 0.3) were characterized by FESEM and XRD.
FESEM analysis indicated all the samples consisted of irregular particles and XRD patterns showed that all the materi-
als had impurity TiO,, but there were no impurities related to Ni element. Electrochemical studies of doped and un-
doped spinels were carried out by cyclic voltammetry (CV) and constant current charge-discharge. CV results showed
that LiMnTiO, had two couples of sharp redox peaks corresponding to Mn*"/Mn**, Mn>"/Mn*" redox reactions. How-
ever, after Ni substitution, there appeared the third redox coupled, which was related to the Ni*"/Ni*" redox reaction.
LiMn,,Ni,TiO4 (x=0.1, 0.2, 0.3) exhibited improved electrochemical properties compared with LiMnTiO,. When the
Ni substitution was 0.1, the first discharge capacity of LiMn,oNi, TiO4; was 171.6 mAh/g at current density of
30 mA/g, and after 48 charge-discharge cycles, the discharge capacity was 162.8 mAh/g, with the capacity retention of
82.7%. The Ex XRD pattern of LiMn,oNi, ; TiO, showed that the material structure had no changes after the first cycle,

and there was no transition between cubic phase and tetragonal phase.
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‘Samples a/nm V/nm® (;Iglzl)l/r;i; %

LiMnTiO,4 8.258 563.182 19.1
LiMng 4Niy ; TiOy4 8.253 562.049 21.0
LiMng gNiy,TiO4 8.266 564.786 15.1
LiMny7Ni0.3TiO, 8.287 569.225 6.8
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Fig. 3 The first three charge and discharge curves of LiMn,_, Ni, TiO,4
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Tabel 2 The first three discharge capacities of LiMn; 4Ni,TiO4 (x=0, 0.1, 0.2, 0.3)

Samples(including TiO,) 1st discharge capacity/

2nd discharge capacity/ 3rd discharge capacity/

(mAh-g™") (mAh-g™) (mAh-g™")
LiMnTiO, 151.2 135.7 128.6
LiMngsNip  TiO, 171.6 193.9 195.0
LiMng Nio,TiO, 197.7 207.1 204.7
LiMng ;Ni.5TiO4 216.9 193.0 155.1
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Samples(including TiO,)
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48th discharge capacity/ (mAh-g!)  Capacity retention/%

LiMnTiO, 151.2 109.0 72.1
LiMn, 7Ni0.;TiO4 216.9 119.5 55.1
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i: As-prepared; ii: Charged to 4 V; iii: Charged to 4.8 V; iv: Discharged
to 4.5 V; v: Discharged to 3.75 V; vi: Discharged to 2.9 V

JERERE LiMng oNig TiO4 Z5M 1224k, ST as T4
A R BRI XRD B3, Wil 6 fros, MEH ] Lo
Fh, LiMngoNig  TiO4 £E AL TH AT HIHAL
JIARBIDY T A B AR, 5T S T 9 di A G5 R AT AR AT
1, R NiBNG, MR RA TR E 450 .

1) Ni BALAR M3 LiMnTiOy4 K143 5t A 4544 X %
PR, WS A RS EATTEM IR A .

2) KH Ni Bt Mn, BURFIEA TR Z, B8
Wi 2, AR R s R R

3) Y Ni AR 0.1 B, LiMnTiO, ) B AL 25 P
Befs 7 W B, LiMng oNig TiO, ££ 48 IRAG R J5 i
LS E N 162.8 mAh/g, HEMRFFEN 82.7%. X1
BUHDIT Ni SRS FRAC T 4L el B ) L B A
e, AT T FELA 27 s 8 (R AT

S 3Ck:

[1] MA XIAO-LING. The research status of lithium batteries. Sci-
ence & Technology Information, 2012, 17: 240.

[2] FEALJE. R&HA LiMnyOy ISR} A] 15 28 03K I L7 25
PEWFT. P22 W2 A8l oR A i L AR 0, 2011,

[3] SCROSATI B. Recent advances in lithiumion battery materials.
Electrochimica Acta, 2000, 45(15/16): 2461-2466.

[4] GENG SHU-DONG, ZHAI YU-CHUN. Effect of cobalt doping
on the performance of lithium ion battery material LiMn,Os.

Journal of Materials and Metallurgy, 2014, 13(3): 233-236.

[5]

[7]

(8]

[9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

LIU X L, LI D, MO Q L, GUO X Y, et al. Facile synthesis of
aluminum-doped LiNipsMn;sO; hollow microspheres and
theirelectrochemical performance for high-voltage Li-ion batter-
ies. Journal of Alloys and Compounds, 2014, 609: 54-59.
HUCL, YI HH, WANG F X, et al. Boron doping at P-site to im-
prove electrochemical performance of LiMnPO, as cathode for
lithium ion battery. Journal of Power Sources, 2014, 255:
355-359.

B J. BIFH BT 5 A 2% LiNiysCoysMny3)02, #HTET: IR
M2 A7 1R 3, 2006.

WANG S H, YANG J, WU X B, et al. Toward high capacity and stable
manganese-spinel electrode materials: a case study of Ti-substituted
system. Journal of Power Sources, 2014, 245: 570-578.

CHEN R Y, KNAPP M , YAVUZ M, et al. Reversible Listorage
in a LiMnTiO, spinel and its structural transition mechanisms.
The Journal of Physical Chemistry C, 2014, 118: 12608-12616.
GU X, LI X W, XU L Q, et al. Synthesis of Spinel LiNi,Mn, O,
(x=0, 0.1, 0.16) and their high rate charge-discharge performances.
Journal of Electrochemical Science, 2012, 7(3): 2504-2512.

WANG F X, XIAO S Y, SHI Y, et al. Spinel LiNiyMn,-,O4 as
cathode material for aqueous rechargeable lithium batteries.
Electrochimica Acta, 2013, 93: 301-306.

LUO FEI, ZHANG LIN, GUO YU-ZHONG, et al. Influence of
Ni, Cr Substitution on spinel lithium manganese oxides crystal
Structure and electrochemical performance. Journal of Kunming
University of Science and Technology (Natural Science Edition),
2014, 39(2): 19-22.

YI TING-FENG, HU XIN-GUO, HUO HUI-BING, et al. Review
of research on spinel cathode materials LiM,sMn; sO4 for 5 V
lithium ion battery. Rare Metal Materials and Engineering, 2006,
35(9): 1350-1353.

SHIN J Y, SAMUELIS D, MAIER J. Sustained lithium-storage
performance of hierarchical, nanoporous antase TiO, at high
rates: emphasis on interfacial storage phenomena. Adv. Funct.
Mater, 2011, 21: 3464-3472.

ARILLO M A, CUELLO G, LOPEZ M L, et al. Structural char-
acterisation and physical properties of LiMMnO4M=Cr, Ti)
spinels. Solid State Sci, 2005, 7: 25-32.

GUO X D, ZHONG B H, LIU H, et al. Electrochemical per-
formance of LiFePO,-Li;V,(PO,); composite matperial prepared
by solid-hydrothermal method. Trans. Nonferrous Met. Soc.
China, 2011, 21: 1761-1766.

RP v, AL MR T - sk, st
5 Toalk th A, 2004: 143.

LIN M, WANG S H, GONG Z L, et al. A strategy to improve cy-
clic performance of LiNipsMn,sO, in a wide voltage region by
Ti-doping. Journal of the Electrochemical Society, 2013, 160(5):
A3036-A3040.



