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Preparation and Characterization of Ge**-doping Li,TisO1, Anode Material for
Li-ion Battery and Its Electrochemical Properties

QIU Cai-Xia', YUAN Zhong-Zhi?, LIU Ling*, CHENG Si-Jie, LIU Jin-Cheng?

(1. School of Chemistry and Environment, South China Normal University, Guangzhou 510006, China; 2. EVE Energy Co. Ltd,
Huizhou 516006, China)

Abstract: The spinel Li,Tis.Ge,O1, (x=0, 0.05, 0.1, 0.15) electrode materials were successfully synthesized by
Sol-Gel method using Ti(OC4H,)s, CH3COOL.i-2H,0 and GeO, as raw materials. The crystalline structure, morphology
and electrochemical properties of the obtained materials were characterized by XRD, SEM, half cell charge-discharge
tests, cyclic voltammetry (CV) and AC impedance. The results showed that doping with certain amount of Ge** did not
change the basic structure of LisTisO,,, but greatly affected its mophology and particle size. Ge-doped Li;TisO1, has
relatively high rate capability due to the smaller particle size. In this study, Li,TisoGey10;, represented the highest ini-
tial discharge capacity and the best cycling performance among all samples. At the charge-discharge rate of 0.2C, its
first discharge capacity was 172.43 mAh/g, and at 5C rate, its discharge capacity remained at 140.62 mAh/g after 100
cycles with a capacity retention of 97.3%.

Key words: Li-ion battery; Li,TisOy,; Ge**-doping; rate performance

A EAMIEAL 90 “ERBTHARE AT IF R I ib(LIBYLIRM, 15 Ak I — A 85 1 aith O
LA LiCoOy M iEMK, Ml Fbk sl — AU a7 RN AR i ih . TR LN LA LAt 75

Ytm B HA: 2012-08-28; WEfEeets HHEA: 2012-10-08

EETE: /7 AREFEEHIH (2012B010200040); ™ 7% 44 8k 46 b5 5 25 H (2010A090602001)
Science and Technology Project of Guangdong Province (2012B010200040); Guangdong-Hongkong Key Bidding
Project of Guangdong Province (2010A090602001)

1EH®IY: IR EE(1988-), L, MiHAoTE. @ifEE :: i H, #d%. E-mail: yuanzz@scnu.edu.cn



728 TN MR IR

28 4

e, AR OB N AR VG b RS
70 HL L PP R LA e e T RE R, (U L
B IR i fl e A P fe A 5 Bk — D 4
PP DR, TR R PR RORE A X ST
Z

I AT LigTisO (T 7E AR R LT
PR BN RR o “ BN . SEGA
R M B, LigTisOqy (1% 28 F1 A7 75 (1.55 V vs Li/Li™),
G TR AT RO 2 B B R AR AR L R
B o i, AN e B s G iae . 2t
UF s PRI TG KRR 0, SR ARAT AT S04 2 7 L
TR L Z — o SCHR[S] 1 4 AR B &5 F 1 LigTisOnp,
5 L T X 4L A T RV E 5C N IEFA 1000 5 )L
TR AR R EE Altair Nano 2w #F 6 H )
LisTisOp 7E¥F 73 fr AT 35 20000 & ©, fhith % 9,
LigTisOqp 15 76 it A HL th DL K H B ¥R 70 W ith AT b A
B L PR B FH I 53¢

fHJ&, LisTisO2 MRME R —Fh iS4k, ©
T SRR (~100 Slem)T FE B A R AR AR
3 LU 2% S TV 0, 0 SCRR[8] 7 46 1) A 48 Tok e
1) LisTisO1p 7 2C NAEH 100 K )5, b7 LG
ff) 135 mAh/g i E 2 sk #1) 98 mAh/g. H Fif 3= 22 ik
4% KRR I LigTisOn™% . 5 v b ki) 1 78
(810020 e 7 R R W A R IK B L . & R T B B
FeAb ] LASE R LigTisOr ARN T M, & Bl it
%F LigTisOuo () Litfr k5 Tit b ATy, O STk
W T Cu®*. AP Mg?*. Ru*. zr**. Mo®. Nb**.
La> % B F5 440 LigTisOy, FAL 22 B 5w 19,
& BB A TE LR 3 EAT LU R B R )i B A
BB TT R AR 1R T, AEARL S R P
A2 H HHECGE S, T m AR T L 2)
BIBICHEBN LigTisOr ke Jo, W A& N AL
AT AT R T L N 0B H 170 38 5 AN 1T 28 e
TSR, CHER[20]4R T Tl 5 A8 P TR
Sn?* e i LigTisOup [KIHLAL 2R fE o TA T f30 ik
Wk I v B LiaTis.Ge, 01z (x=0.0.05.0.1.0.15)
B, BFT T 3B AR Ge™ X LigTisO1p 45 H4 Al
PEREI 2

1 XRaEBsy

1.1 #mAH &

BT B L) CHaCOOLI » 2H,0 3% T-if B 5
WK, IMANES T LB L8 L0, 15
PEA AR OK BRI DU TR B R s,

n(Li)/n(Ti)=0.85, 732k 2 A EFL e, A
60°C LRI HHHHE 24 h, WHCHAS RS . {E 85°C ik
b B 24 h 19 BRF BRI BT K MR . %
LisTis,Ge012(x=0. 0.05. 0.1. 0.15)4k 2% i1 L R
GeO,, ¥ GeO, SHHi IR o BN ik, 78
AT 400°C SR 2 h S, FEAE800°C FARAE 10 h,
AW, Y A AR, LB
Sl 4 LTO. G-1. G-2. G-3.
1.2 MmFRIE

K48 [ Bruke D8 X S £ AT 5 SR 45 OFF it i3k
ITE5 1T, CulKaZk, EHIE 40 KV, B HLIAL 40 mA,
WK 0.15406 nm, HFTERIN 20=10°~80°. K H
1 [5] Zeiss Ultra 55 437 A 5 41 4 1 Job Sl B IR 45844
BHESRFE .
1.3 BFEMaEn

YA B e CR2025 Y4115 F it 12E 4T 7 0 H
e LA NMP BRI, bk 61 0 7% AR
SuperP H1 PVDF #% 85: 10: 5 () it tLi &) o, #14
WAEERSE I, VIEIE$13.5 mm HIIE] Fi, 120°C 2045 4t
T 12 h, AR ITEH T, R 1E N
ERR, AR Aoy rat, B A SR A 44 1 FL S (Celgard
2400), 21425k CR2025 #i=CHith. & 12 h 5, HE
AT AR A PR R IR o ) F I AS D 2R 4 R IR k) 1t
TR PEREINK, 780 HL R 1.0~2.8 V. H
iR AE CHIBB0A HY Fi Ak 2% T AR B HEAT I IR AR %
WA S AZ F BT EIS WK, JH R e d3 5 FE 4 0.5
mV/s, FHHTEH A 1.0~2.5 V. EIS #iZEH 4 0.01
Hz~100 kHz.

2 HREVHE

2.1 XRD o#h

B 1 h 1B ANIH] Ge™ A3 R i 1 XRD &3, M
Bl a] DL, BT AT FF S AR AIE W8 34 5 2% i A Y
LisTisO1p HUARYE B 1 (49-0207) I AW &, N SL T
WG . BARETP R R GeO, MHRFALIE, i
Ge"" CLSE A HEAF LigTisOup divht 1o B Ge*'#57¢
BRI, G-2 Al G-3 PANKES B BT BLAkD
TiOy 2%, XTI N Ge™ B A T )5, £
PRI A 1 T 4 R AR IR T AR AR AL
% (PRI S W 524 BT . AR FE & 1(b) BT 119 (111) b
ORI TS, DURRRE Sh K REE I B Ge* 45 A 11
8RBT ) 260 H8 K07 1 R AE RS, WSk g H A
Wi A GEA . X GeM B A1 LisTisOxn
A R AN A BT 8. H Jade 5.0 XRD 43 Hr k1



57 ERREEE, 25 #8s7 Hb GO RE Ge™ 5 4% LigTisOy, 4% S 3L HAb 2 Mk REDF ST 729

= — i i b
(a) = ~ 8 ,-\ Rutile | |(b) a1
o, ™ e Ten
63+ 1 )8 232 les jL__
5
N | l L G2
2z
E |
o
= |G l . | l L A G-1
Lt e
i L L 1 L 1 M L L 1 i L L | 1 i 1
10 200 30 40 50 60 70 80 18 19
20/(°) 20/(°)

1 BAF Ge* &R LisTis.Ge,0r, 1 XRD Kli
Fig. 1 XRD patterns of Li,TisGe,O;, doped with different
amounts of Ge**
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Sample The first discharg_(i capacity (;qulomb
/ (mAh-g™) efficiency / %

LTO 150.18 98.04%

G-1 161.62 97.49%

G-2 172.43 95.74%

G-3 163.19 87.23%
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