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Abstract − LiNiO2, Li1+xNiO2(x=0.00-0.05) and LiAlyNi1-yO2(y=0.0-0.3) powders were synthesized using a sol-gel method.

To synthesize LiNiO2 with a good electrochemical performance, the experiments were carried out as function of the molar ratio

of adipic acid to total metal ions, excess Li content, and Al doping. The synthesized LiNiO2 powders showed a good crystal

quality when the molar ratio of adipic acid to total metal ions was 1.0. The analysis of gas composition evolved during the

decomposition of gel precursors revealed that oxygen played an important role in improving the crystal quality of LiNiO2 pow-

ders. All the prepared Li1+xNiO2 powders had a typical LiNiO2 layered structure, but the electrochemical performance was

degraded with the increasing the lithium content. Al-doped LiAlyNi1-yO2 powders were better than LiNiO2 powders in cycli-

cality though it showed a low initial discharge capacity. The Al doped LiAlyNi1-yO2 powders presented a good electrochemical
performance even at higher temperatures.
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LiCoO2� LiNiO2� �� ����	
�� ��
���� ���

���� �� ��� �� ��[1-3]. LiNiO2� 
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 ��. LiNiO2� IJ&

K�!"� 
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P� LiNiO2 QRS � L�� QR
 TBU3 @VW�� $�:�
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 ef?

g :h � L� QR
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�[11, 12]. W�'�

LiNiO2� s
t ��� ��S�@ A?C LiNiO27cd� Ni� �

w ���b� �-?C LiMxNi1-xO2(M=Al, Co, Ga, Mg, Ti,...)> Hc?

� 67( 89:� ��[13-18]. 
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K�!" x[ nZ> ¡
@ A?C Al
 Z¢� LiAl yNi1-yO2(y=0.1,

0.2, 0.3, 0.5)> QR? �. QR� S£� 7c& ¤R� �@
¥&

¤R� �Y� �Y(50 oC)3� ¦n? �.

2. � �

2-1. ����

Li1+xNiO2(x=0.00, 0.01, 0.02)� Al
 Z¢� LiAl yNi1-yO2(y=0.0, 0.1,

0.3) §¨� @©3 $�:h8 �-��� 
!?C QR? �[10, 19].

Li1+xNiO2� LiAl yNi1-yO2> QR?@ AW ªa ��� lithium acetate

(Li(CH3COO)«2H2O, Kanto Chemical), aluminum nitrate(Al(NO3)3«9H2O, Kanto

Chemical) ;�� nickel acetate(Ni(CH3COO)2«4H2O, Kanto Chemical)¬


­�. ®> ¯h LiNiO2� .N3� ªa��� n°W � L� n"

?C � ��
Y� �L( Li : Ni=1 : 1
 :Z± ?C ²² 400 ml� ]

³�3 O 80-90oC� (´?~� }§D !BS��. yW ��
�H

(chelating agent)V jµ¶	(adipic acid)� � ��
Y3 %B 1 : 1
 :Z
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Ó'� 7? �. yW ������ En7c> cs?@ AB Cu-Kα
radiation� 
!W X-ã ä¾ §Ä@(x-ray diffraction meter; XRD, Rigaku,

2θ=10-80o, Step size=0.02)> s!? �. S£( QR:� {m ��

:� @Ú¯� å�R� � �7Ú� ´& å�R� æ�?@ A?C

4Þ �b �"§Ä@(quadrapole mass spectroscope, QMS, HAL2/51
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í3 eî� ́ �%> 
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integral-derivative controller)> 
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QR� S£� �@
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¦n? �. 
> AB Li metal/1M LiPF6-EC/DMC/Li1+xNiO2(û� LiAl y

Ni1-yO2)� ��> 7R? �. ��� ���(20 mg), Z�H(13 mg), EQ

H(teflon)> n°D n"W � �3 ü�D !BSý Teflon EQH> �(

?C ¹Q? �. ¹Q� Ç£> þ�Ú� s!?@ AB stainless

steel(25 mm2)A3 300 kg cm−2� ̂ õ'� ̂ î?C HcW � 8�ÈÉm

3� 200oC� 5SÆ{m Ëc?C Hc? �. Î�� @ÿ��'��

99.999%� lithium foil(Cyprus Foote Mineral Co.)� s!? �, ��R

polypropylene ��(Celgard 2,500)� §��'�, �B�� 1 M LiPF6-

ethylene carbonate(EC)/dimethyl carbonate(DMC)(1:2 by volume)� s!?

 �. ��� j��
 }8� glove boxm3� Hé:­�, �@
¥ ¦n

� �Y� �Y3� IS? �. s
t3 vw }«K� IJ� �³ ö

Z( 0.4 mAcm−2(C/3)� n�³ KÓ'� IS? �. X@3 3.0-4.3 V(vs.
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¥& ¤R� ¦n? �.

3. �� 	 
�

3-1. � �	
� ���

QR� � �7Ú� ´& ¤R� ��?@ A?C � �7Ú> � �

� 
Y3 %W jµ¶	� �L> 1.0'� ?C QRW � QR� S
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£> �Y3� 900oC|� 5oC min−1� ÜY�Z� (´?~� TGA
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§^� CO2� §^3 LB MN *
�. 
¿g ×R� (ó� ªa�
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� Ð~3 �î� Ù[� 	
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3-3. � ����� �� ����� ��

LiNiO2� 7c& �
� kR@73 %W ��
�H� å�� æ�

?@ AB � ��
Y3 %W ��
�H� �L> ²² 0.5, 1.0, 1.5

ç 2.0'� c¾?C � �7Ú¯� QR? �. Fig. 2� 	[§A@�

750oC3� ��
�H� �L3 v/ QR� S£3 %W XRD ��

� =Ôd� ��. QR� S£� XRD ��3�(003)/(104) ��� �

ZL� � ��
Y3 %W ��
�H� �L( 1.0o 1 1.67� (�

#g ��:­�. jµ¶	� �L( 1.0|�� �L( ](G�± E

nR� �%& ��� »@( ](? �. ;<= Ê�Ê #� �L3

�� �L( 1.0o 1 $� x[?� �� ��G � �­�. QR��

3� s!� jµ¶	� �3 v/ (003)/(104) ��� �ZL( ��?

g =Ô=� �� jµ¶	
 LiNiO2� QR3 Þ�W �G� ?� �

� =Ô��. jµ¶	� ��
�H��� @�pq jr/ #� YZ

> ��?� LiNiO2� QR ��� (�
W�. v/� ×R� � �7

Ú� (ÅZ� ��´� � �7Ú� QR3 s!� jµ¶	� �


](G�± ](W�. (Å� � �7Ú� �
Y� �oW {o ��

kR?� [E?� {m l�o�� kR?� ���� ×R�  H?

� @�� ?+ 
<W @�� LiNiO2� EnR� ��Sý�. 
�


LiNiO2� QR3 s!� jµ¶	
 ](U3 v/ (003)/(104) ���

�ZL> ](S�� �V'� ×²��. ;<= �"� jµ¶	
 Q

R��3 s!��~ en&V !�> a×G �'� ×²��. �"�

jµ¶	� "� SÆ{m QRYZ> #� YZ� �ÜS��, jµ¶

	
 §B?� {m ×R:� P@7cÚ @Ú( ](?C @�3�

	[� §^
 �)D x[S½ EnR3 å�� ��� �'� ×²

Fig. 1. (a) Thermalgravimetric and differential thermal analysis of the
gel. The molar ratio of glycolic acid to the total metal ions was
1.0. (b) Plots of partial pressures of gaseous species evolved from
LiNiO 2 gel precursor during calcination as a function of decom-
position temperature.

Fig. 2. X-ray diffraction patterns of LiNiO 2 powders prepared at vari-
ous molar ratios of adiphic acid to total metal ions. (a) 0.5, (b)
1.0, (c) 1.5, (d) 2.0. The gel precursors were calcined at 750oC in
O2. The upper inset showed the peak ratio of I(003)/I(104) and
FWHM of (003) peak as a function of molar ratio adipic acid.
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��. 
<W ]�� jµ¶	� �L( 1.0
= 2.0o 1 (003)/(104)

��� �ZL( x[?� �'�e� � � ��. 
<W E�� X@

3 LiNiO2> QRG 1 jµ¶	
 LiNiO2� En7c kR3 Þ�W

é!� ?� �� � � ��.

3-4. Li ��� Li 1+xNiO2 ��

QR YZ( #'~ LiNiO23 UP� Li
Y
 #� ]@^'� V

?C `a?C En7c kRS 7c& EU� Pa?� �'� $�

:h ��[3, 20]. 
<W Ñ�� LiNiO2 QRS � L�� QR� h

#g ?C En7c� EU� PaW�. yW EnR� $?� �@


¥& ¤R� $?W�. 45� 67 E�3 v�~ �"� Li� s!?

C QRW �7Ú> 
!?C LiNiO2> QRG 1 `a� Li� $}?

�\ !�&V �'� $�:� ��[8, 21]. LiNiO2� X@ QRS �

"� Li� �((1.0, 1.01, 1,02, 1.03, 1.05)?~� LiNiO2> � L�

QR� SZ?�b ? �. Fig. 3� Li U"3 v/ QR� Li1+xNiO2

� XRD ��� =Ôd­�. QR� ð% S£¯� �Æ&
 R3mV �

k&V ��7c> =Ôd­�. ;<= (003)/(104) ��� �ZL� Li

� U"
 ](U3 v/ x[U� ��G � �­�. (003)/(104) ��

� �ZL� Li� U"
 1.0, 1.01, 1,02, 1.03, 1.05o 1 ²² 1.5, 1.4,

1.38, 1.21, 1.14 �. yW x=0V LiNiO2� XRD ��3�� l'��

�(� ��� =Ô=� i
'= Li� U"
 1.01
�3�� LÅ&

*� �%& »@( ��:­'+ 2θ=22o� 30o3� ²² LiOH�

Li2CO33 �(� l'� ��( ��:­�. Fig. 3� �Ö3 )*� ;

Ò� LiU"3 vw (003)/(104) ��� �ZL> =Ôd­�. Li� U

"
 ](u3 v/ (003)/(104) ��� �ZL� x[? �. 
<W

Ñ�� @©3 $�?� �� cRL3 v/ QR� Li1+xNiO2(x=0.03,

0.05)� E�� Ps?�[23]. (003) ��� �� +¬ 7c(�Æ&: R3m)

� ä¾ ��
� (104) ��� �� +¬7c� *K +¬7c(�Æ&:

Fm3m)( ¹Q� ä¾ ��� =Ô��[24]. Ohzuku ,[25]� QR�

S£� (003) ��� (104) ��� »@L> ¦n?C EnR� -(?  �. 
¯� (003)/(104) ��� �ZL� x[� Lib�3 Ni
 �-

:h *K +¬7c> _� LiNiO2> kR?@ 12
/� $�? �.

Fig. 2� �Ö N¦3 )*� ;Ò3� (003)/(104) ��� �ZL� x

� .
 ](U3 v/ �)D x[? �. v/� �"� Li U"'�

QR� S£¯� +¬ *K7c( ](?g :h �@
¥& ¤R
 $

?Ã �
/� �n��.

3-5. Al� � ! LiAl yNi1-yO2 ��

LiNiO2� �@
¥& ¤R� ��S�@ A?C Ni 
Yb�3 Al


Y� �-? �. � L� Al
 0.1� 0.2 ç 0.3'� QR� S£�

IH cR� 

& §ÄE� ²² LiAl 0.1Ni0.9O2� LiAl 0.2Ni0.8O2 ç

LiAl 0.3Ni0.7O2
 �. v/� �-��'� QR� S£� � L� n°

D QR
 :­Î� ��G � �­�. Fig. 4� LiAl 0.1Ni0.9O2�

LiAl 0.3Ni0.7O2� XRD ��� =Ôd� �'+, yW �-� S£� L

Å> AB LiNiO2� XRD ��� =Ôd­�. ;Ò3� / � �0


Al
 Z¢� S£¯� %e§ LiNiO2 7c� MN PsW E�> =Ô

d­� h1W l'� ��Z ��:� i
�. ;<= Al� U"
 ]

(G�±(006) ��( *� ä¾²'� 
{? �(110) ��( #�

ä¾²'� 
{? �. 
<W ä¾²� 
{'� V?C �°D

(006)(102) ��� (108)(110) ��� 2/3
 a×:� �� ��? 

�. Ê�
 LiAl yNi1-yO23� y( ](G�± (113) ��� 4
 5h3

� ��G � ��\ 
� Ï� Ñ�� @�7cV LiNiO23� �»W

�õ� ×R?� Ni b�� Al 
Y
 �-:h a×?@ 12
�[26].

LiAl yNi1-yO2(y=0.1, 0.2, 0.3)� )b�� a� c� rietveld refinement3

�?C 6	? � 
¥& cR� U7 Table 13 �O:­�. Table 1

3� Al� U"
 ](G�± a8� x[?� �~3 c8� ](?�

Fig. 3. X-ray diffraction patterns for Li 1+xNiO2 powders prepared at vari-
ous lithium contents. The gel precursors were calcined at 750oC
in O2. (a) Li1.0NiO2, (b) Li1.01NiO2, and (c) Li1.02NiO2, (d) Li1.03NiO2,
(e) Li1.05NiO2. The upper inset showed the peak ratio of I(003)/
I(104) as a function of lithium content.

Fig. 4. X-ray diffraction patterns for LiAl yNi1-yO2 powders prepared at
various aluminum contents. The gel precursors were calcined at
750oC in O2. (a) Li1.0NiO2, (b) LiAl 0.1Ni0.9O2, and (c) LiAl0.3Ni0.7O2.
The upper inset showed the crystallite size as a function of alu-
minum content.

Table 1. Lithium content and lattice constants measured by ICP and Rietveld
analysis, repectrively

Narmal 
composition

Lattice constants
Rexp Rwp

Measured
lithium contenta(Å) c(Å)

Li1.00NiO2 2.887 14.196 7.32 12.92 0.98
LiAl 0.1Ni0.9O2 2.869 14.210 12.35 27.25 1.00
LiAl 0.3Ni0.7O2 2.845 14.216 9.57 24.77 1.00
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Fig. 5. Plots of specific discharge capacity vs. number of cycles for the
Li/LiPF6-EC/DMC(vol. 1:2)/Li 1+xNiO2(and LiAl yNi1-yO2) powders
calcined at 750oC in O2. Cycling was carried out galvanostati-
cally at constant charge/discharge current density of 0.4 mAcm−2

between 3.0-4.3 V at room temperature: (a) Li1.0NiO2, (b) Li1.01NiO2,
(c) Li1.02NiO2, (d) Li1.0Al0.1Ni0.9O2, and (e) Li1.0Al0.3Ni0.7O2.

Fig. 6. Plots of specific discharge capacity vs. number of cycles for the
Li/LiPF6-EC/DMC(vol.1:2)/LiAl yNi1-yO2 powders calcined at 750oC
in O2. Cycling was carried out galvanostatically at constant charge/
discharge current density of 0.4 mAcm−2 between 3.0-4.3 V at high
temperature(50oC). (a) Li1.0NiO2, (b) Li1.0Al0.1Ni0.9O2, and (c) Li1.0

Al0.3Ni0.7O2.
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