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(03,87:/4+2;-596�1. 475001)� � �:A� 110◦C od LiOH T�XF�W TiO2(�I*) Ækj���IBAJD1 LiTiO2, '1o

TEM � XRD � XPS � TG/DTG mL��JD1 LiTiO2 �5A%�
�>%U�1o%��'gjJD1
LiTiO2 wZN"8;j�R=k>�+�� ≤500◦C t�1D�zj��G��bu~|j�T8
b k YJD1 LiTiO2; XPS; LiOH; Li+ /?tF&�_qdTB 383 ��O~tA

Preparation and Characterization of Rock Salt-type LiTiO2
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Abstract: Rock salt-type LiTiO2 was prepared by treating TiO2(anatase) powder with concentrated

aqueous solution of LiOH at 110◦C under atmospheric pressure and characterized by means of TEM, XRD,

XPS and TG/DTG. The results show that rock salt-type LiTiO2 prepared by this method is a nanosized

non-stoichiometric compound. Its crystal form is stable at annealing temperature ≤500◦C. In air ambience,

the rock salt-type LiTiO2 possesses stronger water absorption.
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1 ��AW Sony �Hu> C/LiCoO2 uGa4b-�_� 	L:�b LiCoOx � LiMn2O4 G LiNiOxx�ub0F�:Yx"ub0Fk Li+ uGg� [1,2]. :Yub,v[**B�R���J=�?_8 (initial loss of capacity), �2"3 (structure

deformation),  &Q`)o [3,4]. xB&)9`����OQS0F (�� WO3, MoO3, TiO2) kH�hvBMk58 [3,5∼7], u/b TiO2( J+)x\N0FkH�_v%5�e [8,9].

Li+ 	 TiO2 /�v4e,%`9�uuS?�l>$b&�x�
TiO2+xLi++xe− →LixTiO2 (1)

(x= Li/Ti �� )�v5���e�	 TiO2 /E[ Li+ z�? x=0.5∼1.0, ��{y�~GJOhP [8∼16].

TiO2( J+) �vZ� (tetragonal) �2� Cavaop/�N0�5{B�w\K| TiO2( J+)

�l8k�2�	 Li+ z� TiO2 4C Li0.5TiO2<�\6��&�{% (orthorhombic)b� ( J+
TiO2 k��3Rx a=3.784Å, b=3.784Å, c=9.515Å,

Li0.5TiO2 k��3Rx a=3.8082Å, b=4.0768Å,

c=9.0526Å), Li0.5TiO2 	 500◦C b+l�N�$hd6�p�:�2k LiTi2O4(a=8.403Å), LiTi2O4	H��|�w\K$�[,�l4C Li2Ti2O4,`up�:�2�	�E*" (a=8.376Å)[11,17].

Wagemaker o&p X 0#N0�5{B�w \K| TiO2( J+) �l8 LixTiO2 k�2�b
x <0.6 <� J+ TiO2 GJ℄K<%1Y�x=0.7<��-  J+%9"xJ℄K �2 [16]. Fat-

takhova ob 0.6mol/L LiOH | TiO2(P25, Degussa)	 120∼ 200◦C*B!/�6U�JC��Zhp�:2 Li–Ti–OSJ�5p XRDG 7Li MAS NMRH���{CCx Li1+xTi2−xO4+δ(x = 0 ∼1, δ=0.3 G
0.5)[18,19]. ZhangobJ℄[O6 (hydrogen titanate

nanotubes) | LiOH U�Y�6{W�l�Zh[�a{xÆ 2006–01–10, �Z�`a{xÆ2006–04–07* jnÆ h�� (1975– ), f�XAG�3� ��r	zÆ��1� E-mail: zhenshengjin@henu.edu.cn
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1 r g���mJD1 LiTiO2 jIBF%� 85yp�:�2k Li4Ti5O12, �[3ek Li4Ti5O12�v* &Q`G;CkuS?9, [20,21], Zhouo�r[O6�Sx J+2k TiO2, �6uS?z� / rz Li+ kH� [22].-�KE2 Li-Ti-O SJMdMk58�KE2 LiTiO2 |p�:2 LiTi2O4 �Li4/3Ti5/3O4�OQ.6����ry Li+ 	 TiO2 �2/k�J|%*k�Mk��3R-e�g�2 -S?9`bd Li+ 	 TiO2 /k,%9`VyX"S�KE2 LiTiO2 i;2�*�-�G*�uS?JC��(���� Lecerf 	 1000◦C, p Ti2O3 | Li2O�l(h LiTiO2 (a=4.140Å,> (2)/ Ti2O3 r�OJV� TiO2 (C)[23]:

Ti2O3+Li2O→2LiTiO2 (2)

Jiang o	 700◦C ��k LiCl /� TiO2( J+)�6u��uB	 3.2 G 2.0V �r�8xKE2k LiTiO2 , uBpy 1.8V, 8xp�:2k
LiTi2O

[24]
4 . E�M	�p�~� (< 120◦C) 2ptk;BS?JC���epe LiOH U�Y

(5mol/L)| TiO2( J+) �l�V$(hKE2k
LiTiO2.

2 }�
2.1 �w℄%L�� 31.47g LiOH·H2O(��S�h	ES?Ji[=) ���Z�`�-�/�l�$V�GU
150mL, iC 5mol/L ke LiOH �Y��l� 2g �X TiO2( J+)(�z4(V�[O0Fv /Y),|���N�9\d�Z�`�-n/�ps~l�(|��s~�~'(	 120±2◦C(n^�l�~x 110±2◦C), 72h Ny�Z�`�-nWs~/�L�.�"H��n^4gp$V�GU�q"
pH=12.9, �I�'�h�'�X8�y8	J H/� 100 � 200 � 300 � 400 d 500◦C �6R

2�
2.2 �w℄S"p�� JEM20102u��u� (TEM)5{Tmk3K�p Philips X’Pert Pro X 0#N0℄ (XRD)��8k�2�	i< ISIS300 2 X 8u�`q℄ (XPS) +��Tmk Li � Ti � O kneG&QCC�p��k TG/DTA6300����l5{Tmk�3�# (TG) Gu��3�# (DTG). 	�B ESP300E u�A;1�℄+5?u�A;1�q (ESR)(b��\(\�G (DPPH) x3 ).

o 1 �D TiO2(a) F7� LiTiO2(b) j TEM�j
Fig. 1 TEM images of raw material TiO2(a)

and product LiTiO2(b)

o 2 �D TiO2(a) F7� LiTiO2(b) j XRD op
Fig. 2 XRD patterns of raw material TiO2(a)and product LiTiO2(b)
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86 	 ℄ . D = � 22 �
3 mg�s
3.1 �un 1(a) � (b) $T�H) TiO2 { LiOH S�Wji6�v!7:�s7�}�C TiO2 (��v 20∼30nm.

o 3 JD1 LiTiO2 �&x. 100 � 200 �
300 � 400 � 500◦C Q1 2h Mj XRD op
Fig. 3 XRD patterns of product LiTiO2

treated at 100, 200, 300, 400, 500◦C for 2h

3.2 on 2(a) v�C TiO2(�H)) i XRD no	n
2(b)v6�i XRDno�M 2θ = 21.40◦�30.66◦ �
31.74◦ l"�Nx Li2CO3 s [25], sa��{I

C0 LiTiO2 i JCPDS #<�$� ($ 1), D{�
2θ = 43.75◦, a=4.14Å[26]. Li2CO3 Cqx�j?D-�LiOH�K%w-i CO2 2A�\�xS�S�;z_M�	Q 1 ��Æ LiTiO2 [ XRD U�

(|V#�O(#[Ml)

Table 1 XRD parameters of rock salt-type LiTiO2

(measured value compared with standard)

h k l 2θ d

2 0 0 43.751(43.863) 2.0691(2.0623)

2 2 0 63.558(63.645) 1.4639(1.4608)

3 1 1 76.208(76.370) 1.2493(1.2460)

2 2 2 80.259(80.347) 1.1961(1.1940)

4 0 0 96.285(96.413) 1.0351(1.0332)

4 2 0 112.656(112.71) 0.9264(0.9253)

4 2 2 131.527(131.65) 0.8448(0.8443)

The values in parentheses are the standard values of

JCPDS16-0223n 3 v&fiIC0 LiTiO2 �%w- 100∼

500◦C P0Li XRD no�WTCI0 LiTiO2 �
≤500◦C C�yi�g,5U�{$z!�}�oÆ90 Li–Ti–O QH�i [111](2θ = 18.5◦) E [333]

o 4 Li j XPS �Æ
Fig. 4 XPS spectra for Li

(a) Survey spectrum of LiTiO2; (b) Li1s spectrum of LiTiO2; (c) Spectrum of TiO2 scanning between 40-70eV;

(d) Li1s spectrum of LiOH/LiTiO2=1:1(mass ratio)
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1 r g���mJD1 LiTiO2 jIBF%� 87

o 5 Ti j XPS �Æ7�j ESR p
Fig. 5 XPS spectra of Ti and ESR spectra of the product

(a) Ti2p spectrum of LiTiO2; (b) Ti2p spectrum of TiO2/LiTiO2=1:1 (mass ratio); (c) ESR spectra of DPPH and product LiTiO2

o 6 7�j C1s p (a) F O1s p (b)

Fig. 6 XPS spectra of C1s(a) and O1s(b) of the product

o 7 LiTiO2 Slj (a)80◦C �&72�"F (b)TG, DTG �"
Fig. 7 Weight loss curve (a) and TG/DTG curve (b) of LiTiO2 samples

(2θ = 57.2◦) M/�K� [18,19]. _^=P0~}5)�� 2θ = 19.61◦ PK�Z"��U��^�
Li–Ti–O QH�i JCPDS #<�-z�9[�t℄
Z+F��y	
3.3 Pv��)Wei�CI0 LiTiO2 C�Q<j=i3d�*�n
4(a) v&fCI0 LiTiO2 i XPS �o�qx Li �
Al Kα a�i7s�P (photoelectric cross section)( [27], XPS /D}"�vU��4 Li1s o;��LL<��Rki&R;q (×8), Yfn 4(b), �
40∼70eV�qK� Eb(�H_)=50.2�54.9�62.1eV#,�	v��y Lii�{��^Z TiO2(�H))�$j_=~qdL<&R;q�Yfn 4(c), a

n 4(b) u�n 4(c), �#Æy Eb=54.9eV �\$
LiTiO2 - Li i/D� Eb=50.2 � 62.1eV ��q
TiO2 0� (62.1eV v Ti3s _f� 50.2 eV vz�_f)[28], Li imd�a LiOH F℄#
4�y�v +1 m (n 4(d)). n 5(a) v LiTiO2 i Ti2p o�
Eb(Ti2p3/2)=458.3eV,a TiO2(�H))v℄#�4fCI0 LiTiO2 {℄#i Ti2p ot�1H (n 5(b)),�T LiTiO2 -i Ti v +4 m [28], ESR 4yd�
g=1.97 i Ti3+ VT�K� (n 5(c) vm` P),�{ SodergrenlnsQ<�
x Li+ y� TiO2(�H)) L� Ti4+ �U�v Ti3+ i�=)j [27]. n
6(a) v C1s o� Eb(C1s)=284.8eV �C#<i�
f��Eb(C1s)=289.9eV�v CO2−

3 if� [28],L�
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88 	 ℄ . D = � 22 �{n 2 -X� Li2CO3 i�=CZ#i�n 6(b) v
O1s o� Eb(O1s)=529.8eV �vÆ+P (O2−) ��
Eb(O1s)=531.8eV �5Uv OH− iP� (U�B.= CO2−

3 -P)[28], A(O2−)/A(OH−)=59:41(A=�vi�P_), WT�CI0 LiTiO2 $Pt}�i
OH− [pX�	 LiTiO2 �Æ$Pi$��>}v Li:26.7, Ti:13.0, O:18.6, Li/Ti �>� >1.

3.4 y'^�n 7(a) vIC0 LiTiO2 Rk� 80◦C �%�iK1�!�61=v 3.5%, v�0�#Siq#�n 7(b) v$RkK1Li TG E DTG �!�qxRkK1Lw{Zw�O�� 50.7◦C �t�0�#Si(q#�K��� 100∼ 350◦C �q61=� 7%, �x� 181.7◦C, U�j\$Q<�#Siq#��{� LiTiO2 i O1s o*�t}�i$P OH− [pX�i�'CZ#i (n 6(b)), WT
LiTiO2 t}{i�S7_	 Li2CO3 i��~}v 1300◦C, fU�*Q61)#_q Li2CO3 ��
A�!t�0�#i CO2, dj� 80◦C �%K1;q�	
4 msas^i9�
HA�IC0 LiTiO2, a=4.14Å.IC0 LiTiO2v�Q<j=QH��XPSF�$T
Eb(Li1s)=54.9eV, Liv +1m�Eb(Ti2p3/2)=458.3eV,

Ti v +4 m� XRD F�$T� ≤500◦C, LiTiO2 Æ0C�yi	TGE DTG�=$T�IC0 LiTiO2F~��t}{i�S7	$� �- XPS � XRD 4I.Ff3w�;,m�Æz|lj!i�7��U$?0-(+�Tp�
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