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Abstract - LiNiO,, Li,,,NiO,(x=0.00-0.05) and LiANi;,O,(y=0.0-0.3) powders were synthesized using a sol-gel method.
To synthesize LiNiQwith 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 piNi@ers 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,@oWwNiO

ders. All the prepared Lj,NiO, powders had a typical LiNiDlayered structure, but the electrochemical performance was

degraded with the increasing the lithium content. Al-doped NAI,O, powders were better than LiNjowders in cycli-

cality though it showed a low initial discharge capacity. The Al doped NiA| O, powders presented a good electrochemical

performance even at higher temperatures.
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Fig. 1. (a) Thermalgravimetric and differential thermal analysis of tre
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1.0. (b) Plots of partial pressures of gaseous species evolvednro
LiNiO , gel precursor during calcination as a function of decom-
position temperature.

ststa 8l H41AH 15 20034 28

ol - BB A2 - WA

ehalpds Eo] 4R 4hgs o] CO9 H05 A she o= 4
" 245 £4A Coot COyF HEEEHE & 4khe EA4) 39
Al B F2AHE w4 Absle] 71915 olE el Aike 718 =7
[20-22P014 B.zEh nle} 2+ O‘ﬂ%}z o} 2 Ao miE A=
s PP feMe Had 2 00°Col 0.2 ejoksln

LT E 7
LiNiO,2] 3ol Abart nf9- 283 I8 &5

Ol

f
S rum ;g
ot

tl

0.
=

rl.!O

3-3. & FE0[201 thst oic|=4te] 2]

LiNiO,%] 23 zto|s} §47) e g Lol Ex)e] Qaks 74
871 $18) & w&ol2o] tig AelEAle] 24| & 2 05, 1.0, 1.5
92,0078 2Esto] A AFAES ST Fig. 22 Arait9)7] 9}
750°CoA] Le|o|EA 9] o] wE $AE A B didt XRD
& VPR Slth §/dE AlES] XRD #E 41 (003)/(104) T 2] 7
TH|= & F&olRo tigh Ao EAS] =RV} 1.02 W) 1.672 717
= FFFHUT. o} 24 EH7L Lo = 27t SUHERSE A

A XA g3me] M 7)17F S=7FskEch 2y gy & EH)d
A 297F 1L.0d W Bt ashe 218 #Ed ¢ Aok v

oA AR oF ZAbe] ko) wt (003)/(104)7] =19] =R 7} TS
Al vehbs 212 ofjZAate] LiNIO 2] 3ol 583 98E ok &4
& VERITE o] ZAke A O] EA A9 7 F T ofuEl & 2
& ke LINIO,®] 6&” F-3-& 7EsEint meb AAE A A
A 7tret W-Ed-S A AyAe] A ARSE ofr]ZA4te] go
SIVERE SUHeT) vt A ATAE ol w#dE 5Y e
B4 %Pl AAhE 9 B e AAEY A4E A
= 715% & o]zl 7% LiNIO,Y] A 4E FAI7Ith o3l
L|N|OH ol AHE ofr] Akl Sk nlet (003)/(104)3]=9]
AERE AT Ao AT, el He) ojr]zAte] g
Avh-go] ARETE 2] aAE A Zlew *@ﬂﬂ = aJrBU

o Lo

olo

=

o] Fahte T BASE H71 R 7
Wzl Bpo] FAT A A B

Xﬂ7} ~7Po}°f1 71 ’%ﬂfﬂ
] ]‘- 74 o= /\gﬂ—

1(003)/1(104)

0.5 1.0 15 2.0
Molar ratio of adipic acid

20/degree

Fig. 2. X-ray diffraction patterns of LiNiO , powders prepared at vari-
ous molar ratios of adiphic acid to total metal ions. (a) 0.5, (I
1.0, (c) 1.5, (d) 2.0. The gel precursors were calcined at P&0in
O,. The upper inset showed the peak ratio of 1(003)/1(104) ar
FWHM of (003) peak as a function of molar ratio adipic acid.



ZrEeht Al =3

Hr, ol g % £ o} =ZAke] Bu)7t 1.000v 2.08 wl (003)/(104)
=29 AmH|7} sle A0 %‘— B & vt old & A 27

o L|N|O S g m o] ZA4to] LiNIO,4 @75%2 HAdo) 223
e e Ae 4 52 E}.

3-4. Li 2| Li, NiOo, &4

4 27t =21 LINIO S E-7H Liol2o] £& Z7|ge=E <
st Fste] AR Tx PAA T2F ATE HEsle FoR R
ol ATH3, 20]. ]2 g P2 LINIO, FAA] FEH| 29 PA-S of
A sl A 72 ATe et 3 244 Mhs #7)g
kA BA-& Asteit). Ho] A o] p2d 7ke] Lig ARR-st
o FAg AFAE o]gsle] LINIOE T o 3d Lig REst
=H &34 Ao BHuEHT IvHs, 21]. LiNIO,2] 27] $4d4] 2
o] Lig A7H1.0, 1.01, 1,02, 1.03, 1.GBREA LiNIO,Z %F2H| &
FA-e Aw=srA} 899k Fig. 32 Li Wtoﬂ wa}t $439 Liy,,Nio,
2] XRD He-2 Uehile). 39 RE ABES F7H20] Randl A
BHR FATEE VeI 28 (003)/(104)434 Zd%HE Li
9] gheke] FU4Ek mpet hAERE WA ¢ UUTh (003)/(104)5 2
o] 7wHlE Lig) 3kl 1.0, 1.01, 1,02, 1.03, 1.859 z}z} 1.5, 1.4,
1.38, 1.21, 1.1%9t}h. B3 x=09] LiNiO,2] XRD el BEEw)
AEE 9w VR kot Lig) Fe] 1.01 4w vl
vho A E A7) 7t #EE g en 20=229) 3Pl A 2+ LiOH$}
Li,COPl #ed B8 v = A2 AT, Fig. 3] el 4949 2
2o Lighed) nhE (003)/(104)F 28 Z=nE JehRTh Lo 3
o] Zr/1gd) we} (003)/(104)F 2] 7AwH|= 7t} o) g
e 7)1 sty 9y 2Aud) et 439 Liy, NiOy(x=0.03,
0.05§] A7}k -S-AFETH23]. (003)H A 24k oF9d 2 (7R R3m)
9] 318 Helolx (104) 92w 24 7ot I TR E
Fm3myl &3¢ 34 #9-& vepdth24]. Ohzukus(25] P4
AlE2] (003) ¥ 2} (104) H 29 AI7IHIE S5t A9/4d-& 78t

1.55
150

145 \
140

135+ \
1300

1(003)/1(104)

a .
= 1251 \\
120 '\
‘ 0 L2 L Lo 1S
Li content
=
o =
e
JL (e
_
J_(©
) JLL
j_{(a) W

10 20 30 40 50 60 70 80

Fig. 3. X-ray diffraction patterns for Li ,,,NiO, powders prepared at vari-
ous lithium contents. The gel precursors were calcined at 78G
in O,. (@) Li; NiO,, (b) Li, ,NiO,, and (c) Li, (NiO,, (d) Li, ,NiO,,
(e) Liy oNiO,. The upper inset showed the peak ratio of 1(003)/
1(104) as a function of lithium content.

2 LiNIO2) &4 223} 1

(003)

26/degree

Fig. 4. X-ray diffraction patterns for LiAl |Ni; O, powders prepared a
various aluminum contents. The gel precursors were calcined
750°C in O,. (a) Li; NiO,, (b) LiAl,Niy O,, and (c) LiAl, Niy/O,.
The upper inset showed the crystallite size as a function of a
minum content.

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

Narmal Lattice constants Measured
.. ———  Rexp Rwp .. .
composition a(d) c(A) lithium content
Li, oNIO, 2.887 14196 7.32 1292 0.98
LiAl o Nig O, 2.869 14210 1235 27.25 1.00
LAl Nig0, 2845 14216 957 2477 1.00
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