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Abstract

A new compound Li—-Ni—Ti oxide-based material (LiNTiosO,) with cubic structure was prepared by solid state reaction at@00
Powder X-ray diffraction (XRD) was used to determine the phase purity and structure of the material. The Bragg peaks tif, EQ¥i
can be indexed based on a cubic unit with dimensient.142A, belonging to space groupd3m (SG number 225). X-ray photoelectron
spectroscopy (XPS) study showed that the chemical valences of Ni and Ti were +2 and +4, respectively. The electrochemical testing indicate
that the Lt ions in LiNipsTigsO, cannot be extracted until 4.8 V. However, two initial Li ions per LiMiiosO, can be intercalated into
LiNigsTios0, and one L ion can be extracted reversibly.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction materials by preventing the migration of impurity®iinto
the lithium sites. All these materials exhibited layered struc-
Lithium ion batteries have been well accepted as power tures belonging to the hexagonal system. In this article, we
sources ranging from portable electronic devices to zero- will report a new interesting compound with cubic structure,

emission vehicles (ZEV) due to their longer cycle life the same as that of LiTi§in which half of the Tiis replaced
and higher energy density than other rechargeable batterwyith Ni.

systems. Many compounds have been studied as cathode

materials of the lithium ion batteries, such as LiGoO

LiNiO, LiMn20g4, LiFePQy, LIMNO and their derivatives. 2. Experimental

The layered compounds LiMO(M=Co, Ni, Cr, V) are

isostructural witha-NaFeQ, crystallizing in the rhom- Nanoscaled Ti@, Ni(NO3)»-6H,0 and LIOHH,0 were
bohedral space grouB3m [1-4]. Recently, Ohzuku and used as the starting materials. First, nanoshi@s added to
Makimura[5] and Dahn and co-worke[§] reported a series  a 2M Ni(NOsz), solution and the molar ratio of Ti and Ni
of materials based on Ni-Mn oxides with the hexagonal was 1:1. Then the 2M NaOH solution was slowly dripped
structure, the same as that of LiNIiOn order to improve into the above solution and stirred. This led to the deposition
the electrochemical performance and thermal stability, Gao of Ni(OH), on Nano-TiQ. The precipitate was filtered out
et al. [7] substituted Ti and Mg for part of Ni to prepare and washed twice with additional distilled water to remove
LiNig.75Tig.128Mg0.12602 with hexagonal structure. Kim  the residual N&ions (in the form of NaOH and NaNgp. The
and Amine [8] prepared layer-structured LiNixTixO2 precipitate was dried in air at 12C overnight. The dried pre-
(0.025< x < x0.2) containing T* ions. They believed that  cipitate was mixed with stoichiometric amount of LiG#pO
this helps to preserve the hexagonal structural integrity of the and ball-milled. The mixture was then heated in air at @00

for 15h.
* Corresponding author. Tel.: +86 10 8264 9046; fax: +86 10 8264 9050. ~ Powder X-ray diffraction (XRD) was performed on
E-mail addresslgchen@aphy.iphy.ac.cn (L. Chen). Rigaku D/MAX-RC X-ray diffractometer with Cu K
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monochromatic radiation in order to identify the crystalline Table 1
phase of the samples XRD data were collected in the 2 Comparison of the experimental (measured) and the theoretical (calculated)
range from 35to 135 V\./ith astep size of 0.02and 1 s/step contents of the metallic elements in the new compound (wt%)
X-ray photoelectron spectroscopic (XPS) study was carried
out on Kratos XSAM 800 XPS spectrometer with MgrK  Measured 7.60 29.5 255
radiation. The binding energy was calibrated with respect to Calculated 7.52 31.82 25.96
the contaminant C 1 s in the vacuum chamber of the XPS in-
3trument(|285.0 e\é).The.cor(ljtint.sc()jle,.Nde L||Tt2e FOW' the lithium content is slightly higher than the calculated
Iecrpsamp e were determined by inductively coupled p aSMayajue, and the Ti content basically consists with the
( sz.e active material (85 wt96), carbon black (10 wto6) and calculated result. This indicates that a target composition of
' stoichiometric LiNp 5Tip 502 is obtainedFig. 2 shows the
binder (5 wt%, polyvinylidene fluoride (PVAF) dissolved i ypr' i I orapared Libjﬂioscg Thore oxist
?hrgestmlr;/zx;g?;ﬁnfﬁ I;Nézg)\p’)v:rr?o?'xgg (t:(t)rz;czjrg]sao?hijr?r/r.\ no diffraction peaks beforeg2=35 and all the diffraction
: S lines can be indexed assuming that LgNTig 502 is cubic
\(’)V\?erﬁ ;"tlggrg ;2? Zezller?trgiee srzgleet irgd,:ccjirilsesdoll\r/]eg i\;ac;uum in structure, indicating that the obtained sample is a single
mixture of ethylene car.bonate (EC) and dimethyl carbon phase of LiNb.sTio sOp. IS structure is the same as that of
_ . " LiTiO2, belonging to space grougd3m (SG number 225)
\?vtgr((eDa’\ggrgtlihvx)tr\]’vﬁsfgilszg ?ﬁetgisé‘aecgr?éytgéggg Z%l(laso and half of the Ti in LiTiQ is replaced with Ni. The lattice
constant of LiNg 5Tig 502 is determined to ba=4.142A,
polypropylene and polyethylene as the separator in an Ar- slightly larger tdr){gn Ofr51a't2 of the LiTi@(a:4.14,&) [9] in
filled glove box (MBraun). Charge—discharge performance . o setting by a least square method using nine diffraction
of the material was characterized galvanostatically on Land lines. The Li, Ni and Ti atoms are located at the(@.5, 0.5
2000T (Wuhan, China) battery tester between 0.0 and 2.5 V0.5) site, while the O atoms are locates at théd} 0, 0) sites.

Li Ni Ti

versus LilLT". Although LiTiO;y is not stable in air, LiNj 5Tig 502 is very
stable in air.
) _ XPS was used to determine the oxidation states of the
3. Results and discussion elements Ni and Ti in LiNjsTiosO2 (Fig. 3. Ref. [10]

. points out that the binding energies of Ti in Hi@nd TiO

The TG/DSC traces of the reaction processes for prepar-,re 458.7 and 455.1 eV, respectively. As seefign 3a, the
ing LiNi0_5Ti9_502 are shown irFig. L The rgaction process  pinding energy of Ti 2p in LiNj sTio.sO5 is 457.4 eV, very
is clearly divided into two temperature regions. The decom- ¢jose to that of Ti in TiQ. Therefore, the oxidation state of
position of Ni(OH) occurs between 250 and 276 with  Tj s pelieved to be +4 in LiNjsTio 502, the same as that of
a weight loss of about 7%. The compound LgNTio 502 Mn in LiNi g.sMno 505. Ref.[10] also shows that the binding
comes into being at 72% with an endothermic reaction and energies of Ni in NiO3 and NiO are 857.3 and 854.3¢eV,
a weight loss of about 18%. After that, no further reaction regpectively. As seen ifig. 3, the binding energy of Ni 2p
takes place and the weight of the sample keeps unchangedh, N, sTig 50, is 854.6 eV, very close to that of Niin NiO.
although the temperature is further increased to°&0

The chemical analysis results by inductively coupled

plasma (ICP) were shown ifable 1 The actual Ni content —
in the compound is slightly lower than the calculated value; 3
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Fig. 1. TG/DSC traces of the LiliTip sO2 preparation process. Fig. 2. Powder XRD pattern of sample LifNjTig 502 (Fd3m).
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Fig. 3. Ti2pand Ni 2p spectra of the sample LiNTio 50,: (a) Ti 2p spectra
and (b) Ni 2p spectra.

Fig. 5. Temperature dependence of magnetic susceptibilities of the
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Fig. 4. IR spectrum of the LiNisTig 502 sample.
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So we believe that the oxidation state of Ni in LifNiTig.502
is +2, the same as that of Ni in LipliMng 505.

Fig. 4shows the IR spectra of the LijNsTig 502 sample.
There exists a broad and strong peak at 462 cisattributed
to the M—O (M =Li, Ni and Ti) vibration. No other peaks
appear at higher frequencies.

The paramagnetic behavior at low temperature is
responsible for the localization of electrons around the
oxygen vacancies. The temperature dependence of magnetic
susceptibility for LiNps5Tips02 (Fig. 5 indicates that
LiNig5Tip.502 maintains its Pauli-paramagnetic behavior
above 50K. Below 50K, its magnetic susceptibilities
increase with rising temperature.

The electrochemical testing results indicate thatibins
in LiNi g 5Tig.502 cannot be extracted even when the cell is
charged to 4.8 VFig. 6 shows that two L ions can be in-
tercalated into one unit of LiNisTips02 but only one of
them can be extracted reversibly. There exists a flat discharge

pIateau around 0.15V in the initial discharge. However, no Fig. 6. The charge—discharge curves of lghlTig 502 in the first few cycles.
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corresponding flat plateau is observed in the charge processAcknowledgement
The discharge capacity reaches 571 mAhand the charge
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ciency is more than 50%. Program (No. 2002 CB211800).

In the subsequent cycles, the coulombic efficiency rises to
ca. 95% but the discharge capacity keeps dropping. In addi-

tion, the long discharge plateau in the initial cycle disappears. References
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