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Synthesis of LiNiy3Co0¢ 15Alg,0sO; cathode materials under
elevated oxygen pressure
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Abstract: The cathode materials LiNiygCoyg 15Alg 05O, were synthesized under elevated oxygen pressure from spheric
NiggCo0g.15Alp.05(OH),.05 prepared by controlled crystallization method. The materials were characterized by X-ray
diffractometry (XRD), scanning electron microscopy (SEM) and galvanostatic charge-discharge tests. The effects of
molar ratio of Li to Ni+Co+Al, oxygen pressure, temperature and time during calcining on the material structure and
electrochemical properties of LiNiggCoq 15Alg 05O, were examined. The results show that, under the conditions of the
molar ratio of Li to Ni+Co+Al of 1.02, oxygen pressure of 0.4 MPa, temperature of 700 ‘C and time of 10 h, the obtained
material exhibits the most ordered structure and the best electrochemical performance. The initial discharge specific
capacity of the material is 190.1 mA-h/g at 0.2 C in the voltage range of 2.8—4.3 V, and after 50 cycles, 90.2% of the
initial discharge capacity of the material is maintained. Besides, the material also exhibits excellent rate capability and
high-temperature performance.
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Fig. 2 XRD patterns of NiggCoy.15Alg os(OH),.05
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Fig. 3 XRD patterns of LiNiggCoq 5Alg 050, prepared at

different molar ratios of Li to Ni+Co+Al
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Table 1 Lattice parameters of LiNijgCoy 15Alg 050, prepared at different molar ratios of Li to Ni+Co+Al

Molar ratio of Li to Ni+Co+Al a(x0.0003)/A  ¢(£0.0004)/A cla L3y L104) R-factor
1.00 2.876 14.182 4.931 1.24 0.46
1.02 2.862 14.178 4.954 1.30 0.41
1.04 2.860 14.169 4.954 1.30 0.42
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Fig. 4 Initial charge-discharge curves of LiNiygCoq 5Alj 050,

prepared at different molar ratios of Li to Ni+Co+Al
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Table 1 Initial charge-discharge specific capacities,
efficiencies and capacity retentions after 50 cycles of
LiNiggCoy.15Alg 050, samples prepared at different molar ratios

of Li to Ni+Cot+Al

Charge  Disharge Capacity
Molar . . . ;
. . specific  specific Efficiency/ retention
ratio of Li to . i fer 50
NitCotAl capacity/  capacity/ % ater
Lo (mAhg!) (mAhg!) cycle/%
1.00 216.4 176.1 81.4 78.2
1.02 224.6 183.6 81.7 83.8
1.04 2222 181.7 81.8 83.0
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P REd, L S AR A L,
2% TR RN R HORE, BB NS T LitHOA
B, PHE-FRHR RS . AR, M
BRI SGE . 5K K% 0.4 MPa I,
*7}*49/‘] cla ﬁ%ﬂ 1(003)/1(104){Ei@5$ﬁ%j(ﬁ, R ﬁﬁi”
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RUIE U RN R TRRRMBIE, Hifk N4
b, PEmArR R e AU iR,
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Fig. 5 XRD patterns of LiNigsCog15Alo0sO, prepared at

different oxygen pressures
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Table 3 Lattice parameters of LiNijgCog15Alg0sO, prepared

at different oxygen pressures

Specific capacity/(mA+h-g™)
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Fig. 6 Initial charge-discharge curves of LiNiygCoq 5Alj 050,

prepared at different oxygen pressures
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Table 4 Initial charge-discharge specific capacities, efficiencies

Oxygen pressure/MPa a(x0.0003)/A ¢(£0.0004)/A and capacity retentions after 50 cycles of LiNijg-Cog 5Alg050,
0.0 2.873 14.181 samples prepared at different oxygen pressures
0.2 2.862 14.178 Oxygen Cha?ge Dishz.lrge . Capa(.tity
0.4 2.859 14.168 pressure/ spec1ﬁc spec1ﬁc Efficiency/ retention
capacity/ capacity/ % after 50
0.6 2.861 14.157 MPa (mAhg') (mAhg) cycles/%
cla 003y T104) R-factor 0.0 2232 174.9 78.4 70.3
4.936 1.25 0.48 0.2 224.6 183.6 81.7 83.8
4.954 1.30 0.41 0.4 228.1 187.6 82.2 87.5
4.956 1.31 0.39 0.6 219.8 180.1 81.9 82.1
4.948 1.29 0.45
2.4 MRIEIRE T A A LiNig3Coy 15Alg 050, 71 B B2
TRIAZR I FBIL LG 1.02 BN LIOHH,O, 7£ 0.4 MPa /<

A ﬁ’fﬁ&ﬁ %U%’E/‘] LiNij §C0g.15Al0 050, E*&*ﬁ
BHO B IR FEBOR B Wil 6 Fizs, AR B IR Fe i e
Pb it 7RO RO 50 URAAIA G M2 R
x4 frdl. tHE 6 Ak 4 mran, SR SR LiNigg-
Coy.15Aly 050, AL 22 PERER BB W AR . RN
JE S £ B PR OB LU A . 1 IR T R
50 KA 5 A BR300 174.9 mA-h/g.78.4%
H170.3%, 1M 0.4 MPa %0/ H g 6l 25 FRRE S R 208
Hi L 25 P IR TSI CR AT 50 IRIGER i 258 he (e
RIS 735 187.6 mA-h/g. 82.2% 1 87.5%. {E 0.2 Al
0.6 MPa %/ Hs )il 2% FRURE it FAT A ) b 2 P e,
PE T AR HIA RS9 T 0.4 MPa %K J1 il %
PIRE S o X —SEE0 25 L 5 XRD /W 45 A W 45 -

AT, 2T 6500 7004 750 i 800 CHEBE 10 h,
J1% LiNig sCop 15Alg 05O IEHA R XRD 3 4n &l 7 B
N, S ENER S s, I 7 R S nTAL RS
SR, 650 °C R BT A R T R SR
LiNig §C0q.15Alo 050> IEARAA K}, 700 °CF il £ IR i A
AR cla AEAN Loosy Lnoa (B LA IR /N R AR, 393
494.959. 1.32 F10.37, R E T il & A BA
I ST AEI R A S5

AT il LiNiggCoy.15Alp 0502 IER AR
e IR FE IO ek an ] 8 o, AHRV I B R OB LG
P FHCHRCER 50 WA G 75 S R FER 3K 6
JiH). il 8 Mgk 6 AT%, 650 C RHI# PN E R
H 185.5 mA-h/g HIE UL EAE 5. 82.9% M
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Fig. 7 XRD patterns of LiNiggCog5Aly0sO, prepared at

700 °C
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Table 5 Lattice parameters of LiNijgCog15Alg0sO, prepared

at different temperatures

Temperature/C a(£0.0003)/A c(£0.0004)/A
650 2.869 14.177
700 2.858 14.174
750 2.859 14.168
800 2.867 14.160
cla 1(003 )/1( 104) R-factor
4.941 1.25 0.45
4.959 1.32 0.37
4.956 1.31 0.39
4.939 1.30 0.41
4.5
4.01
=
= 3.5¢
=
3
£ 3.0t
(0]
g
S 2.5} =—650 C
> *—700 C
+—750°C
2.0r «—800°C
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Fig. 8 Initial charge-discharge curves of LiNiygCoq 5Alj 050,

prepared at different temperatures
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Table 6 Initial charge-discharge specific capacities, efficiencies
and capacity retentions after 50 cycles of LiNijgCoq5Alg 050,

samples prepared at different temperatures

Charge specific Disharge specific

Temperature/C capacity/ (mA'h-g™")  capacity/(mAh-g™")
650 223.8 185.5
700 2242 190.1
750 228.1 187.6
800 226.4 185.9
Capacity retention
Efficiency/% after 50 cycles/%
82.9 81.4
84.8 90.2
82.2 87.5
82.1 83.9

TR 81.4% ) 50 AT G 28 AR FE R, 1M
700 C Rl AR I ORI A R R H IR0
A 50 ARG G A =R RS 4 0 I 190.1
mA-h/g. 84.8%F190.2%. Bl — LT hR, &
DOBOR LA BRI AR AR R A P
Bt REBIEATINEURT, 700 °CRIAT i  H S Al
SRR HL AR PR RESA AR G R IR AR RE o 13 FEE i 5
W, Gk SRR AR IR TS IS, o SR AR
Ko, ORI KR S AR AN T H A v 78 20
AN HEINT LTy HGE R, R T LiT BRI, 5
BRI H A2 B R PR,

2.5 LiNiysCoy 1sAly0sO, #AH4 B 1 RE

R EPTIR, A AL LiNigsCog 15Aly0sO2
A CE4 AW R #RECLE Y 1.02, R TI0 0.4
MPa, tfEh 700 C. fEEZSA FHEE 10 h Jifs
LiNig §C0y 15Al0 05O UKL LEA RIS 2 T 1) SEM 1%
Wl 9 Pran. HE 9 WA, LiNiggCogisAlyesOs FF i H
A RAFHIBERIEIES, B BURLE Hh A AT — O
LR i B2 A TD5 P/ VAR U AN 177 N PR VA el T
AEAE DB IFLER, A BOURAR I AT A0 E R W P8
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Fig. 9 SEM images of LiNiggCoyg sAlyosO, at different

magnifications: (a) Higher magnification; (b) Lower

magnification
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