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Li1.02CoxCryMn2−x−yO4 ��>�z��'rOnil 1, hrm 2, pqg 2, koj 2

(1. a[WbYXbe�a[ 300072; 2. \_℄XWbU^d
ZXVbe�f`
650093)L G� /#&l}9?l�aIY,,e��l Li1.02CoxCryMn2−x−yO4, ��05 Co �
Cr 'G89(u:^bx#���<0�mC}yR6mEPfb o��`!E�89�(b Co �Cr b LiMn2O4 �x�D^e��x#Æ��<0989(b>axiq�Sx�e��b�!AV>V�(!+B�mEbJ��(Æ$(th�P*G�m/BTb Jahn-Tellert�6 Mn3+ bdC���89 Co � Cr > Li1.02MnO4 J��((<do�m989(>axiq�[REg��,,b�GyR�� � |�&l}Æ Co � Cr 89ÆmC}yRÆq1f�Q7� Æ�TM912 :=p0%�A

1 HD>`4	��
�g&�vI�*5�f��m>7m LiMn2O4 kSm�b{RnFJZ..7
>JZ..m��)*�
�$j��\?��
U<_�)Xg��IzS7fwl
DZ�#<H�n0CUf��y$|� Jahn-Teller U 7><nz�U�z=O [1∼3]. Yw�	C�S9:#z�D�ZD
��)u�~�%j+W)
�	

LiMnO4 
Q��~;w�
U�'m:�~iShZ�
>�~ �s�:(� ÆE�; [4∼6], =��	0$+'m:�~� Tarascon 7 Jong f [7,8] �S��m�
f��m�)�Yo
�IzS
�X<��m�
o�e�0$'m:�~��s�W:�+�vs5
f��m Li1.02CoxCryMn2−x−yO4, %F0 XRD � SEM ��IAz7r2g�f�~v
~x+"G�y."F Co � Cr 
��SWW��f�� Li1.02MnO4 
d:zS

2 /E
2.1 Li1.02CrxCryMn2−x−yO4��{n Li2CO3 � MnO2 � Co(NO3)2 7 Cr2O3 �Lz� 0.501:x:y:(2−x− y)(x, y S Co 7 CrE�_)1) O:��=nU�s�gMuy�2���<pK
0CUy��y?��o�#<pKTUO:�8���9Æ3U�Æ�k�usK:�WN 350◦C �W 6h, ;K:�WN 450◦C �W 6h, i?�WN 700◦C �W 12h, � 1∼ 2◦C ·min−1 
pW66pN$W�2	-*� 2005–06–07, 2}B�	-*�2005–07–07TN��� }28 (1979– ), N�&"���	 E-mail: surpassren@126.com
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a^;_ Li1.02CoxCryMn2−x−yO4.

2.2 ,R�;0$`-; NETZSCH STA409 PG/PC {X�a
I
C{�W66S l0◦C·min−1, iW�	WrS 800◦C, O:2.:�<�hI�U~x
 TGA-DTA 1�'�m
p0[

2.3 F)�sP$ X�k��^. (XRD) v�\~x_m�a
�g0$�� Regaku!4�;
 X�k
p���
$
Cn� (SEM) (6�\"Bw;
�g0$ JEOL !4
 JSM-5600LVvnb
ChQ��nbb6n�S 20kV.

2.4 ��CA(w1��P|-mZQ MCMB S�Z�:�
..SJZh℄�IUnF7)TnF~xnE�zS4&
)TnFJZ..S Li1.02CoxCryMn2−x−yO4, �Z..S MCMB, n
.
>�[..��o�#pKO:?�L)aJ�ZZZ�:?~x,��Æz�4tfC{�nz�S 1mol·L−1 
 LiPF6+EC:DEC(1:1), �JS Cellgard2003. �0���=?�$E�\�T\�nz��i?$X)4tT
�
0$ BS-9300SMvIUnF7)TnF~xnE�zS4&
H�n��<2� ~x�MA#\FN�Hnn2S 0.1C(C = m×Q·,

Q·=285mAh·g−1), WMn�S 4.5V; �nn2S 0.1C, WMn�S 3.0V.

2.5 �#S�w10$vh℄
nF~xr2g�4&
�E2k�e
f$ 2mV·s−1 

C6r~x�R�I
�PE�<Y4nUeZE 40min(ZE?bn2<o�nr, 5nA), L?~xg�`
4)�[6�RS 105
∼ 5 × 10−3Hz[9].

3 �
�4$
3.1 �I8��+�K 1S:�2. Li2CO3 �MnO2 �Co(NO3)2 7 Cr2O3 �
/�#O:4a
 TGA-DTA

J 1 9?1,b TGA-DTA rj
Fig. 1 TGA-DTA curves of raw materials

J 2 Li1.02CoxCryMn2−x−yO4 XRD J_
Fig. 2 XRD patterns of Li1.02CoxCryMn2−x−yO4sk�TKU TGA sk���L)���X0C��#S 50∼300�350∼4107 450∼ 600◦C.T DTA sk���D���X0Cq#b{0C
k�usS2.U�)
2M|72.
�z� 350∼410 7 450∼ 530◦C D'��X0CS Co � Cr �#~�>7m
%dU
'
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3 a |17�d� Li1.02CoxCryMn2−x−yO4 b&l9?\yR!F 629Q�	
�Æ�S��us
 350◦C <W 6h, �WN 450◦C <W 6h, i?< 700◦C �W 12h.

3.2 t6xK!�u"�
�J?K 27" 1#� 2.1vU=/
�~:� Li1.02CoxCryMn2−x−yO4(x=0.01�0.02; y=0.01�
0.02) 
 XRD K`7��=1���EW
q 1 Li1.02CoxCryMn2−x−yO4~�ny3��n5�

Table 1 Cell parameter and cell volume of Li1.02CoxCryMn2−x−yO4

Cell parameter/Å Cell volume/nm3

Li1.02Mn2O4 8.2444 0.5604

Li1.02Co0.01Cr0.01Mn1.98O4 8.1944 0.5502

Li1.02Co0.01Cr0.02Mn1.97O4 8.1939 0.5501

Li1.02Co0.02Cr0.01Mn1.97O4 8.1927 0.5499

Li1.02Co0.02Cr0.02Mn1.96O4 8.1902 0.5492TK 2 ���L�'m:�
 Li1.02CoxCryMn2−x−yO4 . Li1.02Mn2O4 �)Z�
f��y$�TLi~8:m��KF Co 7 Cr ��~�^ Li1.02Mn2O4 
��U�
U� x=0.01,

y=0.02 
���il�3Fa^+�v5
f��m�y x=0.02, y=0.02 
���i��"F Co 7 Cr ��~�^ Li1.02Mn2O4 
��U�\#:_9:)
`|?b Co 7 Cr 
;O~�^ Li1.02Mn2O4 
��U�NLi:�
S+�69: Co �Cr ? Li1.02Mn2O4 �Ey$
 E�"$=a
 XRD 1��F0ir{A~_8�E
��=17��EW�y.�" 1 =!
���L�< Li1.02Mn2O4 U�� Co �Cr ?��117��EWq)=jr�℄'C
9:)e7?W���117��EW
#ep

�	�S�Co–O(1067kJ·mol−1)7 Cr-O(1142kJ·mol−1) 
lSq� Mn–O(946 kJ·mol−1) 
lSW [10], �a LiMn2O4 ��|�';�f���}?
y:<�f
T�X?B
)TnF�IskK 4(b) 7r2g�K`K 5 ���L�9: Co � Cr 
f��zSq%,T9:
�&
TK 5 ���L
Li1.02Co0.01Cr0.02Mn1.97O4 
Qg� Li1.02MnO4 raw��k��
';%T!p Li+ 
Mk
0N� Co3+ (0.65Å) ��7 Cr3+(0.62Å) ��� Mn3+(0.67Å) ��r�=�<Yof��y$
H��%<)� Li+ k�.Mkmv�_Wr

3.3 .&�� (SEM) w1K 3 S Li1.02CoxCryMn2−x−yO4(x=0.01 � 0.02; y=0.01 � 0.02) 
 SEM w;BZ
TKU���L�'m:�
 Li1.02CoxCryMn2−x−yO4 �$�)�BEf��w;�w;+H�$r�)�s�8�"B)B�℄�$�5S 2∼ 3µm, ~�*K�# Co � Cr Ov~�^+ Li1.02Mn2O4 ��U

3.4 t6xK!� Li1.02Mn2O4 ��CA(�J?9: Co � Cr ?
 Li1.02Mn2O4 
*R�n��)��P Li1.02Mn2O4 g�D#�Sf��JZ..
�)#'E:_U Mn3+ 3)
w��o
�
3)6��*R�n�)
6� [8,11]. y[=<:�
0CU Co � Cr #tX Li1.02Mn2O4 U
 Mn3+, 

j�+
Mn3+ 
3)�9:)6W�K��)ep
6w
y Co �Cr 
��� Li1.02Mn2O4 
��EW|�+';�<�oCr
?W+�M
�"BW�TyC�+;_
nE�zS�
Momchilov f [12] �S�"BWWvC�;_
��))Fh
!p�D#�S�"BW?
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W��a Li+ 
�	5�?w�k�.ML�b��
d:D'l��9: Co � Cr ?

Li1.02Mn2O4 K��)epa;r
D�l<IUnF*R�n��)skKUa^+K�
(K 4(a)), Co � Cr 
���� Li1.02CoxCryMn2−x−yO4 <�n0CU)��Fh
�n��n℄�
TK 4(b) U���L� Co � Cr 
��Fhi��+ Li1.02Mn2O4 
�IzS�9:)6W��IzS6Yo�\#��)
:Lep
6w


J 3 Li1.02CoxCryMn2−x−yO4(x=0.01 � 0.02; y=0.01 � 0.02) b SEM AY
Fig. 3 SEM photographs of Li1.02CoxCryMn2−x−yO4(x=0.01, 0.02; y=0.01, 0.02)

J 4 Li1.02CoxCryMn2−x−yO4(x=0.01 � 0.02; y=0.01 � 0.02) HTmE6(RmEyR3%
Fig. 4 Performance test of model cells and battery of mobile phone of Li1.02CoxCry Mn2−x−yO4

(x=0.01, 0.02; y=0.01, 0.02)

(a) Initial discharge curve of model cells; (b) Cycle curve of battery of mobile phone9: Co�Cr L=�S�� Li1.02Mn2O4 
zS�#�Sf�� Li1.02CoxCryMn2−x−yO4<H�n
0CU�$N|���
W�7';�v,T9: Co �Cr 
f�����=1sW�Mn–O ls>���EW E
sW�D����ff��%dl
t/�Ty�f��y$,^^F
', Cr–OlS7 Co–O lSq� Mn–O lS�W�9: Cr ?
f����=1���EW|�';�)ui�Q+<H�n0CU
 Jahn-Teller u�7 Mn3+ 




Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

3 a |17�d� Li1.02CoxCryMn2−x−yO4 b&l9?\yR!F 631eE�����EW|� E
�rWW
pg
0N�<H�n0CUnz�m� (LiPF6).nFU�)
 H2O ��;� LiF 7 HF hE�DN�nFh��?WnF
Qg�pgnF
�$+G��.<Q�nF
0CU���)
2� HF hE
N�z�w� HF 7��X��f��U
 Mn, ^F����nF
�IzSWWpg�<�	
f��mU Li#0)
�m
0)S�Q LiPF6 
�z
d:�
℄�B� Li1.02CoxCryMn2−x−yO4 
�IzS%,T9:
 Li1.02Mn2O4.

3.5 �#S��w1�	vT9:
 Li1.02MnO4 7 XRD �nE�zSs5
 Li1.02Co0.01Cr0.02Mn1.97O4 ..~x+r2g�4&�h℄nF< 4.30∼3.65V�RQ~xr2g�4)�a^r2g�`�TK 4 U���L�r2g�`�S��+�
*f<�[q)��r�3�y?<U[q)��sW
�3�<g[qJLi�s�	q
D7 Aurbachf [13,14] 
�	y.#�O

>=�S<U�[q
�3�"+ Li+ ��<
LiMn2O4 nZ"B
w5nzSJU
i��<Ug[q
�3�"+ Li+ <w5nzSJ7Pz_
{B|�+nbrL�g[q+�
�3�"+ Li+<'EU
�	
K 5 U Li1.02MnO4 .
Li1.02Co0.01Cr0.02Mn1.97O4 �Z.nz�g
tNng Re  E(W�y..Qg
Rct  E;W�9 Cr � Co f��
Q J 5 Li1.02Mn2O4 - Li1.02Co0.01Cr0.02Mn1.97O4 bq1f�_6dtm4J

Fig. 5 AC impedance patterns and equivalent circuit

of Li1.02Mn2O4 and Li1.02Co0.01Cr0.02Mn1.97O4g Rct Fhr,P
 Li1.02Mn2O4, Dn)",m�bk�.Mk�j�m�b<i�0CU
g%�WW��+nF
�IzS

4 �$

1. 'm~:�
 Li1.02CoxCryMn2−x−yO4(x=0.01 �0.02; y=0.01�0.02)..�wOH�$rs�8< 2∼ 3µm Lg

2. nE�zS4&"F� Li1.02CoxCryMn2−x−yO4(x=0.01 � 0.02; y=0.01 � 0.02) 
K��): Co � Cr 9:)
?bypg�\
�IzSa^+Fh
���
U9:)

x=0.01 � y=0.02 nE�zSi5

3. Co � Cr 9:pg+ Li1.02Mn2O4 
��=1�?W+f��m Li1.02Mn2O4 
�"BW�)ui�Q+nFQhE
����nF
d:zSa^C�
v�9<
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Synthesis by Solid-state Reaction and Characterise of Li1.02CoxCryMn2−x−yO4

REN Hai-Lun1, DAI Yong-Nian2, YAO Yao-Chun2, LI Wei-Hong2

(1. School of Chemical Engineering and Technology, Tianjin University, Tianjin 300072, China; 2. Faculty

of Material and Metallurgy Engineering, Kunming Institute of Science and Technology, Yunnan 650093,

China)

Abstract: The spinel Li1.02CoxCryMn2−x−yO4 as a cathode of lithium ion secondary battery

was synthesized by a solid-state method. The influences of the different Cr and Co content in the

LiMn2O4 on phase constitution and structure, lattice parameters and electrochemical properties

were investigated. The spinel structure was kept still with inserting a small amount of Cr and

Co to Li1.02Mn2O4. The Jahn-Teller distortion and the Mn3+ disproportionation reaction were

restrained efficiently. With the substitution content of Cr and Co increased, the lattice parameters

of Li1.02Mn2O4 decreased, while specific surface area was increased, and the specific capacity of

the cell was improved. In addition, the initial capacity was decreased, but the cycle performance

of materials was improved obviously.

Key words solid-state method; doping Cr and Co; electrochemical performance; AC impedance


