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7t FEol 2R 9 AR EA 7 o FLBAE A 2ARIICH BAY 27149%) BT §, PVA-RTAY LR
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Abstract — By the PVA-precursor method, polycrystalline powder of LiNi;,Co,0,, cathode material for lithium
battery, was synthesized. Using the powder as the cathode material, lithium ion batteries were fabricated, whose
electrochemical properties were measured. The effect of changing synthetic conditions, such as PVA/metal mole
ratio, concentration of PVA, degree of polymerization of PVA, pyrolysis condition, and metal stoichiometry, on
the battery performance was investigated. Considering the initial performance of the cell, the optimum
stoichiometry of the Li,Ni;,Co,0, synthesized by the PVA-precursor method was observed to be x=1.0 and y=0.26.
A minor phase of Li.CO;, which was generated by the residual carbon in the powder precursor, deteriorated the
performance of the cell. In order to eliminate the minor phase, the precursor had to be pyrolyzed under the flow of
dry air. Annealing the powder at 500°C under the flow of dry air also eliminated the minor phase, and the
performance of the cell was largely improved by the treatment.
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Fig. 1. Schematic diagram of synthesizing the polycrystalline
powder of Li,Ni,;Co,0, from the PVA-precursor. Square con-
tainments represent for solid state, and the round ones for solu-
tion state.
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Scheme 1. The role of the PVA.
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Fig. 2. SEM images of the powder precursors obtained by heat-
ing the PVA-precursors at 300°C for 3h. Morphologies of the pow-
der precursors differ in large extent, depending on whether ace-
tate salts was used (A), or nitrate salts was used (B), as reactants.
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Table 1. Content of residual carbon in the powder precursor,
and in the polycrystalline powder of Li,Ni,,Co,0, synthesized
from reactants of acetate or nitrate salts

Table 4. Variation of particle size of Li,Ni,,Co,0,, induced by
changing PVA/metal mole ratio, when PVA concentration® was
held constant :

Acetate salts used Nitrate salts used PVA/metal mole ratio 1.0 3.0 5.0
PVA/metal i i
ke raio | Powder LN Co.0 Powder LN Go0 1)Average partlc.le size (um) 0.84 0.73 0.70
precursor” N1y 0,0, precursor N1y 0,0, PVA concentration = 6.7 M
10 33.4(w%) 0.48 3.09 1.02 Table 5. Variation of particle size of Li,Ni,,Co,0,, induced by
20 - - 4.85 0.59 changing PVA concentration, when PVA/metal mole ratio” was
3.0 445 0.74 8.78 - held constant
4.0 - - 10.33 0.59 -
5.0 55.5 0.98 1134 _ PVA concentration (M)  0.81 1.0 135 20 4.0

" obtained by heating the PVA-precursor at 300°C for 3h.
?obtained by heating the powder precursor at 750°C for 12h.
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Table 3~59, PVA-ALAE FAlsh=dl QoA &5 PVA/
F40]2 FY], PVA 5%, 12|31 PVA FHTE HA7]&H)
w2 LiNi,,Co,0, THARA EUAE UAe] HF 279 wa}

r;l

Table 2. BET surface area of the powder precursor, and of
the polycrystalline powder of LiNi,,Co,0, synthesized from
reactants of acetate or nitrate salts

PVA/metal  Acetate salts Nitrate salts used

mole ratio LixNi,,Co,0, Powder precursor  LiNi;,Co,0,
0.5 - 27.2 . 2.56
1.0 1.26(m’/g) 14.0 2.98
2.0 - 142 ©4.86
3.0 1.50 - -
4.0 - 473 2.72
5.0 0.77 - -

Table 3. Variation of particle size of Li,Ni,,Co,0,, induced by
changing degree of polymerization (PVA) !
Degree of polymerization (PVA) 500 1500 3000

verage particle size (im) 0.75 0.77 0.75
PVA concentration = 2 M, PVA/metal mole ratio=1.0

average particle size (um) 1.4 1.1 0.9 0.8 0.6
YPVA/metal mole ratio = 5.0
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Fig. 3. SEM images of the polycrystalline powder of LiNi,,Co,0.
synthesized from the PVA-precursor. Concentration of PVA in
the PVA-precursor was 0.81 M (A), 1.35 M (B), and 4.0 M (C).
PVA/metal mole ratio was 5.0 in all the cases.
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Fig. 4. Cycle characteristics of the lithium secondary batteries,
equipped with cathodes fabricated by using the polycrystalline
powder of LiNi,,Co,0; synthesized in different synthetic condi-
tions designated below. PVA/metal mole ratio was 1.0, and PVA
concentration was 6.7 M (A). PVA/metal mole ratio was 1.0, and
PVA concentration was 0.8 M (B). PVA/metal mole ratio was 5.0,
and PVA concentration was 6.7 M (C). Average particle size was
0.8, 0.9, and 0.7 pm for (A), (B), and (C), respectively.
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Fig. 5. Powder X-ray diffraction patterns of LiNi,,Co,0. synthe-
sized at each different temperature. Acetate salts were used as
reactants. Open triangles designate Li,CO..

ml$- FAThs A& AL Ith. Table 6014 B2 21zt 2
o] nitrate®] 79 01]“ 600°CE 7183t A\ 8¢) %, acetate 2]
7S¢t nIR 2 BElE HA #EE A 2Y, LiCOs minor
Ape] Bogl= @AR R ogprh oje) e x}o]:= Table 1004
B3l Az} o] acetate O ZHE FAJE HA|7} nitrateH 2
Ao vjE E4 22 2L E FF5ta e AT Aud
A7} Yok B2 2 nitrated-& AFE-E A S, BATLA 7} o) 9
A& o] FJGAE 7A 3 Q7] wjEel(Table 1), 600°CH A

Table 6. Powder X-ray diffraction results on polycrystalline
powder of LiNi,,Co,0, obtained by heating the powder pre-
cursor® at the designated temperature

Reactants used  Temperature Minor phase Crystallinity
750°C no fully crystalline
Acetate salts 700°C no fully crystalline
600°C Li,CO, semi crystalline
750°C no fully crystalline
Nitrate salts 700°C no fully crystalline
600°C no semi crystalline

YPVA/metal mole ratio =3.0
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Table 7. Powder X-ray diffraction results on polycrystalline
powder of Li,Ni,,Co,0, obtained by heating the powder pre-
cursor” at the designated heating conditions

750°C(12h) 750°C (12h) 750°C(12hyno air flow

air flow no air flow 500°C (10h)/air flow
minor phase no Li,CO, no
cell parameter a=2.867 a=2.869, a=2.869,
c=14.169 c=14.165 c=14.174
particle size ((m) 0.9 0.3 0.3

YPVA/metal mole ratio = 1.0
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Fig. 6. Cycle performance of the lithium secondary batteries made
by using the polycrystalline powder of Li,Ni,,Co,0, synthesized by
heating the powder precursor at 750°C in standing air (A). After
the Li,Ni;,Co,0, was annealed at 500°C in the flow of dry air (A-
1), the performance was largely improved. When Li,Ni,,Co,0;
was synthesized from metal hydroxides by the solid state reac-
tion at 750°C, whether it was annealed (B-1) or not (B), the per-
formance was not much changed.
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Table 8. Variation of initial discharge capacity of the lithium
secondary battery induced by the change in the stoichiometry
of Li,Ni,,Co,0,, which was used as a cathode material in the
battery. Li,Ni,;Co,0, was synthesized from the PVA-precursor

sample reactants’  products®  jinitial discharge cutoff (current)
Li/Ni+Co)  x y capacity (mAhg™)  (V(C))
Al 100 0.843 0.162 184 4.3-2.8(0.1C)
Al-2 100 0.843 0162 187/annealed  4.3-2.8(0.1C)
A2 1.04 0858 0.160 188 4.3-2.8(0.1C)
A2-2 1.04 0858 0.160 196/annealed  4.3-2.8(0.1C)
A3 106 0.856 0.161 147 4.3-2.8(0.1C)
A3-2 1.06 0.856 0.161 168/annealed  4.3-2.8(0.1C)
B1 0.95 0941 0302 157 4.1-2.8(0.1C)
B1 100  0.966 0300 161 4.1-2.8(0.1C)
B2 1.04 1.013 0301 166 4.1-2.8(0.1C)
B3 1.06 1.056 0.302 162 4.1-2.8(0.1C)
C1 1.00 097 010 118 4.1-2.8(0.1C)
C2 1.00 097 020 157 4.1-2.8(0.1C)
C3 1.00 097 022 170 4.1-2.8(0.1C)
Cc4 1.00 097 026 174 4.1-2.8(0.1C)
C5 1.00 097 030 167 4.1-2.8(0.1C)

Ymetal mole ratio in the PVA-precursor.
? metal mole ratio, analyzed by ICP/MS, in the polycrystalline powder of
Li,Ni;,Co0,0,.
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