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(1. X_`WVeYefZ\℄eeh�d
 453007; 2 �X_[geha^b�ij 450014)N K
 O 1mol/L LiClO4/EC+DEC U�:pk+ nK-0VBÆu6Oi1G�U$U>,��0pK V
6i^D�eyU$KV
6i��r5fU"
�8p�R�U$�z�gU�n�Bz (SEI) ��hK FTIR h��~�k+<XiK-0VB6O SEI �K�0�i�LwO�. Li+ �>"f	K SEI ��� # Æ
�`|&U3�i1G��U�:�k+)S>�)�
TM912 AC�8+
A

1 MIj2H�I��a}V4r%$nLM$w�7jz�/{P�V~�`P_��Nr8LJT�EVA;Y��{!WÆiA
G%o�V%V?6V�1qL!WÆ7jz	$QV%�{ [1,2] �J�VA;�/ [3,4] WC�:VA;YV%�{%oLiA
G�E_�._
OLVA;l,*=gNG�^�a}V4VA;L2a3T [5]. Tossici[6] P
1996 �a�l K+ $(LH�(0�
� KC8 LMJgL$w�#���s6gV#��WN�VA;ql, K+ \j2H�V�+#�Lv?�I=g}2�I	��(Il;r!oL.1 (K2CO3 �KClO4 � K2SO3) I� 1mol/L LiClO4/EC+DECVA;Ll,*�KI-�nÆ��Vq6gVeb2Jlj2H�Y�qL$w�#o�KI9q�S�pb9���x�� (FTIR) (X��l.1l,*\V%�{ (SEI) �LH�	
2 7J
2.1 �%L�/Q

K2CO3 � KClO4 � K2SO3(Aldrich) i�Y 100◦C m3
bXw[ 24h. KIV4'
LiClO4 �b\A�	 (EC) �b\`A	 (DEC) Y6uz<��LT
�q�m 1mol/L

LiClO4/EC+DEC(1:1) LVA;	YtVA;qi�59OjL.1 K2CO3 � KClO4 �
K2SO3 JH�M!o.1l,*LVA;	
2.2 �F.
9:�41� 2005–09–29, :�G��41� 2006–01–18�'D-� ��C>7'�U* D (04120001100)TP"&� e�� (1968– ), ���M�:W�� E-mail: hhzheng@mail.com
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1110 � " # m ) � 21 Nj2H� (�OTd| 10µm) �K�lA� (PVDF) �sj�| 9: 1 W5�4�u�Yp��{mJH�V%�V%I6iw[�YT
�q�y;V%��V4��k���&�V%�oxV%	-�nÆ'RLV~dz| 3∼0V(vs Li/Li+), =|[s| 0.1mV/s;�Vq6gVLV~dz| 0∼2V. V�+�Si�KI Sorlatron 1255 V�+'R
q�'R�sdz 100kHz∼10mHz,J3"�V%PhYV~
�/ 2h C��C�f'R�1qV%;P{V~��za	
2.3 FTIR �0
94y/V?V�+-�L��V4PT
�q*P�.8H�r%�I DEC 5*)	V%�{LVA;�bXw[9/ DEC,.=YjL��< KBrj�Q=YjLH�j��
OW����/m/��KIpb9���x�� (FTIR) �\R6F!�x�S'R	
3 $��;*t 1 |j2H�r%Y 1mol/L LiClO4/EC+DEC VA;�l,!o.1 (K2CO3 �
KClO4 � K2SO3) LtVA;qLnÆ!|	W2�!�l,*I� 0.75V �NM=|%[D�V~dz[L�Sk�t�SkUPVA;�iYV%�{%oL�S
G�aNGlV%V?V�+�1q!WÆ7j_ELt7SE	YVA;q,9!oL.1�� 0.75V�NL�Sk��1:�Z�a�.1M�QDmlVA;�iL�SiA	oI��
�a}$9H�(0L�Sk (0V �N) C&�a}w8H�(0L4�k (0.2V) L%[Y!o1[�JHl^%	

s 1 i1G�X�k+ n-0K 1mol/L

LiClO4/EC+DEC U�:pKm
 {
Fig. 1 Cyclic voltammograms of the nat-

ural graphite in 1mol/L LiClO4/EC+DEC elec-

trolyte without and with different potassium

salts

s 2 i 1 G � X k +  n - 0 K 1mol/L

LiClO4/EC+DEC U�:pKU>�U5fU,�
Fig. 2 The first charge-discharge curves of the

graphite electrode in 1mol/L LiClO4/EC+DEC

electrolyte containing different potassium saltst 2 |j2H�V%Y 1mol/L LiClO4/EC+DEC VA;�l,!o.1 (K2CO3 �
KClO4 � K2SO3) LtVA;qLV?�Vq6gV-�	�l,*I�VA;�iYH�r%�{�SiA
GlKV%YV?6V�1qL6V7jC 433.3mAh/g, _gV7j
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5 � d�Æ�M
-0k+)u>i1G�q$K#v�"n 1111E| 266.0mAh/g, V?-�LYt�sE| 68.2%. ,9!o.1l,* (K2CO3 � KClO4� K2SO3) ��j2H�LV?6V7jO��7P�gV7j℄i�^,H 321.2 � 306.4� 283.9mAh/g, V%V?-�L!WÆ7ji�1�H 37.0 � 63.3 � 81.7mAh/g, V?-�LYt�s� 68.2% i�fzH 88.7% � 82.8% � 77.6%. W2�a�.1l,*WCM�DmVA;YV%�{LiA
G�fzH�V%LWÆ7j�Yt�s	

s 3  nUpxZ�i1G�Xk+ K2CO3 !�K 1mol/L LiClO4/EC+DEC U�:pKfU6i
Fig. 3 Discharge capacity of the graphite

anode at different current densities in 1mol/L

LiClO4/EC+DEC electrolyte

(a) Without and (b) with K2CO3 at 15mA/g; (c) With-

out and (d) with K2CO3 at 150mA/g

s 4 i1G�q$Xk+ K2CO3 !�K 1mol/L

LiClO4/EC+DEC U�:p Nyquist s
Fig. 4 Nyquist plots of the graphite electrode

after having cycled in 1mol/L LiClO4/EC+DEC

electrolyte with and without K2CO3\�W2�;r.1Y 1mol/L LiClO4/EC+DEC LVA;q\H�V%$w�#�LvF��� K2CO3 >KClO4 >K2SO3 LY'S1�aZ�Fa}Lr_\H�V%#�8MH�	KP KClO4 qLFa} ClO−

4 NoP LiClO4/EC+DECVA;qLFa}�E=�
KClO4 \H�V%#�Lv?WC4|N<B.a}L~�	 K2CO3 L�IJP KClO4,Z� CO−

3 a}8MxPv?H�V%L$w�#�	 Chio N [7,8] 2Jl CO−

3 a}\H�V%#�LH��a�Y 1mol/L LiPF6/EC+DMC VA;q,9OjL CO−

3 a}�W�i
CH3· ~K!LB/�1AB/Lb(�
��j�YH�V%�{W�/�_lyL SEI���_7PlV%LV?!WÆ7j_E	 K2SO3 \H�V%$w�#oLfz1[�
KClO4 )�Z� SO−

3 Fa}\H�V%L$w�#oM=YLr{H�	�s6gV#�WC�jV%Yz�s6gVm3
L7j�2�e�V%L�s6gV#�QVA;V��V% / VA;C{V��V%Td0L=:V���a}YV%	"L℄<[sM�	t 3 |j2H�V%Y 1mol/L LiCO4/EC+DEC VA;ql, K2CO3"�!oVqy[m3
gV7jL��*\	WCQ8�F6gVVqy[� 15mA/g fzH 150mA/gI�H�V%Y 1mol/L LiCO4/EC+DECVA;qLgV7j� 270mAh/g�N
7k 180mAh/g C
�V%7j_El 30% C�	VA;ql,Aj K2CO3 ���om3
V%L7j� 320mAh/g 
7k 300mAh/g �N�7j_E!,� 10%. a=?��
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1112 � " # m ) � 21 N��l, K2CO3 �MxPfzH�V%L�s6gV#�	|l<L.1l,*Y 1mol/L LiCO4/EC+DEC VA;qv?j2H�$w�#oLSE�'RlH�V%Yl, K2CO3 "�L 1mol/L LiCO4/EC+DEC VA;qIV�+-��L�S!|	t 4 |!om3
�JL Nyquist t	WCQ8�a� Nyquist -�OKh|�T�=m���/��qz��T\GPV% / VA;L�C{L SEI �V��q��T|�a}YV% / VA;C{L ?V��P�+L��℄N�a}YH�H{q℄<L Warburg �S [9,10]. W2�l,*LKI��7PlH� / VA;0LC{V�� SEI�V�E|vMKIl,*IL 1/5, C{V�L7P1�lV%�1q�a} ?�1L�e�M
P�a}LZ[$(Qw$��:lV%YZ[6gVm3
L%����a8

s 5 (a) i1G�R5� (b) X 1mol/L

LiClO4/EC+DECU�:p�(c) Xk+ K2CO3KsU�:pU�),��K FITR s�
Fig. 5 FTIR spectra of (a) the original graphite

electrode, (b) after charge-discharge cycle in

1mol/L LiClO4/EC+DEC electrolyte and (c) in

the electrolyte containing K2CO3

APlj2H�V%Yl, K2CO3 L 1mol/L

LiCO4/EC+DECVA;q�s6gV#�fzLSE	t 5|j2H�S6&�Yl, K2CO3"�L 1mol/L LiClO4/EC+DEC VA;qIV?V�+-��L FTIR t�	QS6\�W2�IV�+-���H�V%L�xd
k��^^�a�d
kONV%�{-#L�1VAo+BL�x�S	\�W2�H�V%Yl, K2CO3 "�VA;q-��L} FTIR d
kLk~!�=l�``OY 1518 � 1454 � 876cm−1 ;8��Sk�| Li2CO3 Ld
�Sk [11,12]; Y 1645�
1350 C& 1070∼1150cm−1 ;8�L�Sk|
EC L�S+� ROCO2Li [12]. aZ�H�V%�{Yl, K2CO3 "�LVA;q�/L
SEI �L�+�/!��o� K2CO3 L,9vMv� SEI �L�+�i	�k%�Q�ah|t�q}�SkL%[�v!o��l,*I�H�V%�{ SEI��iL�Sk%[D�Z�V%�{�hVAo�1�jz�aNKPVA;�iYV%�{MoL�S
GZ/L	l, K2CO3 �� FTIR �tq}d
kL%[��7P���H�r%�{�/L�hVAo�1�jP�℄�(;��℄28=�0��M��iVA;�iL%o�SiA�7PV%!WÆ7j�a=?�8Q�C{g
L Li+  ?#�=l	

4 $*Y 1mol/L LiClO4/EC+DEC LVA;q,9OjL.1WCv?j2H�Y�qLV�+#��7PV%LV?!WÆ7j_E�v?V%LWÆ7j��s6gV#�	%7Z�LN��w2Jl.1Y^r!oVA;h
q\H�V%#�LH��a�arH�\.1L�[�VA;L�+�/Fi}x�jM(\
OL.1�[�YC LiClO4
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5 � d�Æ�M
-0k+)u>i1G�q$K#v�"n 1113|5oL EC !VA;q%\H�V%L#�MAF�I	9q�S� FTIR i����VA;q59OjL.1��H�V%�{WC�/�& Li+  ?#JgL SEI �	�(�B
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Potassium Salts as Electrolyte Additives for Enhancing Electrochemical

Performances of Natural Graphite Anodes

ZHENG Hong-He1, WANG Xian-Jun2, LI Bao1, CHANG Zhao-Rong1

(1. College of Chemistry & Environmental Sciences, Henan Normal University, Xinxiang 453007, China;

2. Department of Physics, Henan Institute of Education, Zhengzhou 450014, China)

Abstract: Addition of different potassium salts into 1mol/L LiClO4/EC+DEC electrolyte can

reduce the initial irreversible capacity loss at the first cycle and improve the reversible capacity

and the rate capability of a natural graphite anode. Electrochemical impedance spectroscopy (EIS)

and FTIR studies demonstrated the formation of a more conductive and thinner SEI layer on the

graphite surface in the electrolyte containing a certain amount of potassium salt.

Key words lithium-ion battery; natural graphite; electrolyte; additive


