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Fig. 3 Rietveld refinements of powder XRD patterns for LiNi,sCo,,Mn,,0, calcined at different temperatures
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1 Rietveld
Tab. 1 Summary of Rietveld refinements for LiNi,sCo,,Mn,,0, calcined at different temperatures

Crystal structure: Rhombohedral Space group: R-3m
750 °C X y z Oc Ui 800 °C X y z Oc Ui
Li 0 0 0 0.9767  0.0287 Li 0 0 0 0.9803  0.0398
Nil 0 0 0 0.0233  0.0346  Nil 0 0 0 0.0197  0.0307
Ni2 0 0 0.5 0.5767  0.0346  Ni2 0 0 0.5 0.5803  0.0307
Co 0 0 0.5 0.2 0.0346  Co 0 0 0.5 0.2 0.0307
Mn 0 0 0.5 0.2 0.0346  Mn 0 0 0.5 0.2 0.0307
(o) 0 0 02402 1 0.0341 O 0 0 02404 1 0.0301
850 °C X y z Oc Ui 900 °C X y z Oc Ui
Li 0 0 0 0.9583  0.0041 Li 0 0 0 0.9129  0.0004
Nil 0 0 0 0.0417  0.0212  Nil 0 0 0 0.0871  0.0084
Ni2 0 0 0.5 0.5583  0.0212  Ni2 0 0 0.5 0.5129  0.0084
Co 0 0 0.5 0.2 0.0212  Co 0 0 0.5 0.2 0.0084
Mn 0 0 0.5 0.2 0.0212  Mn 0 0 0.5 0.2 0.0084
(o) 0 0 02413 1 0.0308 O 0 0 02438 1 0.0167
2 Ao/ T
Tab. 2 Cell parameters, /04 and cation disorder of LiNi,C0,,Mn,,O0, powders calcined at different temperatures
Temp. /A c/A V/A? c/a Toosy/T o Li/Ni-d
750 °C 2.8678 142134 101.24 4.9562 2.26 2.33%
800 °C 2.8676 14.2146 101.23 4.957 224 1.97%
850 °C 2.8746 14.2374 101.89 4.9528 1.62 4.17%
900 °C 2.8828 14.2589 102.62 4.9462 1.04 8.71%
°C ~ 250 nm, 850 °C ~ 340 nm,900
°C ~420 nm, XRD
.750°C )
, . 800 °C/850 °C,
900 °C s
, ~420 nm ,
24
5 NCM622
0.5C(90 mA-g") , 30V 4
~43V . SA s Fig. 4 SEM images of LiNi,(Co,,Mn,,0, powders calcined
, 186 at different temperatures
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Fig. 5 Electrochemical performances of LiNiy4Co,,Mn,,0, powders calcined at different temperatures in the voltage range of
3.0 ~4.3 V measured at a current of 0.5 C

A. Initial charge-discharge curves; B. Initial specific discharge capacity and Coulombic efficiency; C. Cycle performances

mAh-g'; , 750°C ,
155 mAh-g' 800 °C 171 mAh-g", ) ,
900 °C : 3
( 8.7%, 2). 5B , LiNig¢C00.Mng,05. ,
800 °C 92.2%, R
( 86%~ 89%). , 800 °C )
800 °C , (~1.97%).
) 5C LiNiysC0,,Mn,,0, 0.5C 3.0 ~
800 °C ,100 4.3 V(vs. Li/Li") )
81.4%, 171 mAh-g",
750 °C , 92.2%,100 81.4%.
. 81.2%;850°C ,
,3a , Ni*
, ; ) (References):
Ni* 3 4

, [1] Tarascon J M, Armand M. Issues and challenges facing



LiNiC0,,Mny,0, - 61 -

(4]

[6]

[7]

(8]

rechargeable lithium batteries[J]. Nature, 2001, 414(6861):
359-367.

Etacheri V, Marom R, Elazari R, et al. Challenges in the
development of advanced Li-ion batteries[J]. Energy &
Environmental Science, 2011, 4(9): 3243-3262.
Goodenough J B, Park K S, The Li-ion rechargeable bat-
tery: a perspective[J]. Journal of the American Chemical
Society, 2013, 135(4): 1167-1176.

Oh P, Ko M, Myeong S, et al. Cathode materials: a novel
surface treatment method and new insight into discharge
voltage deterioration for high-performance 0.4Li,MnOs-
0.6LiNi;;Co,sMn,;0, cathode materials[J]. Advanced En-
ergy Materials, 2014, 4(16): 1400631.

Ngala J K, Chernova N A, Ma M, et al. The synthesis,
characterization and electrochemical behavior of the lay-
ered LiNig,Mn,,Co,,0, compound[J]. Journal of Materials
Chemistry, 2004, 14(2): 241-220.

Lee K S, Myung S T, Amine K, et al. Structural and elec-
trochemical properties of layered Li[Ni,,CoMn,]O, (x =
0.1-0.3) positive electrode materials for Li-ion batteries[J].
Journal of The Electrochemical Society, 2007, 154 (10):
A971-A977.

Noh H J, Youn S, Chong S Y, et al. Comparison of the
structural and electrochemical properties of layered Li-
[Ni,CoMn.]O, (x = 1/3, 0.5, 0.6, 0.7, 0.8 and 0.85) cathode
material for lithium-ion batteries[J]. Journal of Power Sou-
rces, 2013, 233: 121-130.

Wang W D( ), Qiu W H( ), Ding Q Q(

), et al. Nickel cobalt manganese based cathode materi-
als for Li-ion batteries technology production and applica-
tion[M]. Beijing: Chemical Industry Press(

), 2015: 349-350.

[9] Liu W, Oh P, Liu X, et al. Nickel-rich layered lithium tran-

sition-metal oxide for high-energy lithium-ion batteries[J].
Angewandte Chemie International Edition, 2015, 54 (15):
4440-4457.

[10] Wang D, Li X, Wang Z, et al. Multifunctional Li,0-2B,0;

coating for enhancing high voltage electrochemical per-

[12]

[13]

[15]

[16]

[17]

(18]

formances and thermal stability of layered structured
LiNi,sCo,,Mn,;0, cathode materials for lithium ion bat-
teries[J]. Electrochimica Acta, 2015, 174: 1225-1233.
Kam K C, Mehta A, Heron J T, et al. Electrochemical
and physical properties of Ti substituted layered nickel
manganese cobalt oxide (NMC) cathode materials[J]. Jou-
rnal of The Electrochemical Society, 2014, 159(8): A1383-
A1392.

Cho Y, Oh P, Cho J. A new type of protective surface
layer for high-capacity Ni-based cathode materials:
Nanoscaled surface pillaring layer[J]. Nano Letters, 2013,
13(3): 1145-1152.

Hou P Y, Zhang L Q, Gao X P. A high-energy, full con-
centration-gradient cathode material with excellent cycle
and thermal stability for lithium ion batteries[J]. Journal
of Materials Chemistry A, 2014, 2(40): 17130-17138.
Kim K J, Yong N J, Lee W J, et al. Effects of inorganic
salts on the morphological, structural, and electrochemi-
cal properties of prepared nickel-rich Li[Ni,¢Co,,Mny,]O,
[J]. Journal of Power Sources, 2014, 268(3): 349-355.
Toby B H. EXPGUI, a graphical user interface for GSAS
[J]. Journal of Applied Crystallography, 2001, 34(2): 210-
213.

Li Y, Xu R, Ren Y, et al. Synthesis of full concentration
gradient cathode studied by high energy X-ray diffraction
[J]. Nano Energy, 2015, 19: 522-531.

Ju J H, Ryu K S. Synthesis and electrochemical perfor-
mance of Li(NigsCoq;sAlops)es(NigsMnys)e,O0, with core-shell
structure as cathode material for Li-ion batteries[J]. Jour-
nal of Alloys and Compounds, 2011, 509(30): 7985-7992.
LiJ, Zhang Z R, Guo X J, et al. The studies on structural
and thermal properties of delithiated LiNi,;Co,sMn,;0,
(0 < x < 1) as a cathode material in lithium ion batter-
ies[J]. Solid State Ionics, 2006, 177(17/18): 1509-1516.

[19] Jung S K, Gwon H, Hong J, et al. Understanding the degra-

dation mechanisms of LiNi,sCoy,Mn,;0, cathode materi-
al in lithium ion batteries[J]. Advanced Energy Materials,
2014, 4(1): 1300787.



.62 - 2018

Synthesis and Electrochemical Properties of
Nickel-Rich Cathode Material LiNi,,Co,,Mn,,0, with
High Initial Coulombic Efficiency

GUAN Xiao-yun, HONG Chao-yu, ZHU Jian-ping, WANG Wei-li,
LI Yi-xiao, YANG Yong’
(State Key Laboratory of Physical Chemistry of Solid Surfaces, College of Chemistry and
Chemical Engineering, Xiamen University, Xiamen 361005, Fujian, China)

Abstract: Nickel-rich cathode materials LiNi,Co,,Mn,,0,(NCM622 )were synthesized by a co-precipitation-solid state sinter-
ing method at different temperatures. The structure, morphology and electrochemical performance of the as-prepared materials were
investigated by X-ray powder diffraction (XRD)/Rietveld refinement, scanning electron microscope (SEM) and electrochemical ex-
periments. It is found that NCM622 calcined at 800 °C showed the lowest degree of cation disorder (~ 1.97%) with a high initial
Coulombic effiency of 92.2% and capacity retention of 81.4% after 100 cycles.

Key words: lithium-ion battery; cathode material; LiNij¢Co,,Mn,,0,; initial Coulombic efficiency



