21 2 Vol.21 No.2

2015 4 JOURNAL OF ELECTROCHEMISTRY Apr. 2015
DOI: 10.13208/j.electrochem.141043 Artical ID:1006-3471(2015)02-0145-07
Cite this: J. Electrochem. 2015, 21(2): 145-151 Http://electrochem.xmu.edu.cn

COA1204 LiN i]/3CO]/3Mn1/302

1 1* 2 1 1,2%
’ ’ ’ ’
(1. , 361005; 2. , 361102)
: LiNi;;C0,3Mn,50,, CoAlLO,
LNCMO(x). X (XRD) ., (SEM) (TEM)
,CoALO, 8 nm s .
, 1% (by mass)CoAlO, LiNi,;Co,sMn,;0, (LNCMO(1)) (3.0 ~4.6 V,150 mA -g")100
93.7%( LNCMO(0) 74.4%) ;55 °C 100
77%( LNCMO(0) 17%). XRD (ICP-AES) ,CoAlLO,
LNCMO(x) Mn ,
; LiNi,5Co,5Mn,;0,; ; CoALO,
: 0646 T A
LiNi,5Co,sMn,;0, 2001 Ohzuku M LiNi,5Co0,sMn,;0, R
X . (1)
» 1.1
’ 1)LiNi,;3Co,3Mny;50,
NiSO,-6H,0 ,CoSO,-7H,O0(AR) MnSO,-
, LiNij5Co,;Mny50; H,O(AR)  Ni:Co:Mn = 1:1:1 (by mole) 2
\ mol-L"! , 4mol-L' NaOH
NH;-H,O
’ ,55°C ,pH = 10.9, N,
o ’ : 10 h Ni 1/3C01/3Mn1/3(OH)2 ,
N 100 °C
®.Cho ¥ LiCoO, LiNOs(AR)  myiny = 1:1.05
AlLO; , 300 °C 5h, 850 °C
: Sb;0,",CuO™ FePO,™ . CMH 12 h, LiNi,sC0,:Mn,;0,(LNCMO)
AIFM ZeF S .
CoALO,( ) ( 2)CoALO, LiNi,sCo,;Mn,:0,
1200 °C) , neeny = 1:2  Co(CH,COO),-4H,0(AR)
(e, AI(NO;);-9H,O(AR) ,
LiNi,5Co,5Mn;50, , . (CTAB,
) ) AR) , 55°C ,
LiNi,sCo0,sMn;;0, , CoALO, , 15 min
:2014-10-26, :2014-12-22 * , Tel: (86-592)2186935 ,E-mail; wjcui@xmu.edu.cn, jbzhao@xmu.edu.cn

(No. 2012J05028)



- 146 -

2015

; pH,
LiNi,;Co,5Mn;;0, ’
Na,CO5(AR), 60 °C 1.5h
,300 °C
LiNi,5CosMn; 50,
LiNi,5Co,5Mn,50,
LNCMO(0.5),

LNCM(0).

1.5h,
. CoALO,
0.5% .1% .3%,
LNCMO(1) . LNCMO(3),
1.2

CoALO,

XRD
15 mA,

MiniFlex600 (Rigaku, )
.Cu K, , 40 kV,
20 = 10° ~ 90°, 5°+min?;
S-4800 (Hitachi , )
JEM-2100 (JEOL, )
DSC 449 F3(NETZSH, )
70 mA-g! (3.0
46V,
DMC 8h

~4.6V) | B

35~350°C
5°C-min™.
Mn : 70
mA - g’ (3.0~4.6V) 3,
46V, ,DMC ,
0.5 mL s
85 °C 4 h, ICP-AES

>

Mn
1.3
. PVDEF( )
85:10:5 , NMP (N-

,  80°C ,
.1 mol -L" LiPF,
1:1:1) ( ,
LAND

Celgard2400
EC/DMC/DEC (
), CR2016
(CT-2001A, )
) CC-CV( 46V, 4.6
v 1/10, )
s 3.0~4.6V. Auto

PGSTA T302N
(EIS),

2

0.01 Hz ~ 100 kHz, 10 mV.

2.1
1 LiNi1/3C01/3Mn1/302
a-NaF602 )
R3m (006)  (102)  (108)
(110) ,
/T > 122
o, CoALO, XRD
IS 232 inemos)
=
<
S Lo oo
|
E X LNCMO(0.5)
L oo

10 20 30 40 50 60 70 80 90
20/(°)
1 CoAlLO, LNCMO(x) XRD
Fig. 1 XRD patterns of LNCMO(x) coated with different

amounts of CoALO,

2.2
2A  LNCMO(0) SEM ,
, , 10 pm. 2B 2C
LNCMO(0) LNCMO(1) ,
CoAlLO, )
2D 2C Al ,Al
3
(A), B
s 8 nm, SEM
B 1 2 EDS
1 ( ) Ni.Co,
Mn(C), 2( ) Al Co
(D), CoAlO,.



2 :CoALO,

LiNi;;Co,sMn, 50, - 147 -

2 LNCMO(0) SEM (A) B),
LNCMO(1) SEM ©),C
Al mapping (D)
Fig. 2 SEM images of LNCMO(0) (A), LNCMO(0) (B) and
LNCMO(1) (C), and elemental mapping image of Al

corresponding to selected region in C (D)

a
o

i Mn
,Il‘ol i

Al Ca

Co

0.5 1 L5 2 25 3 s 4 4.5 5 55 6 6.5 7 75 8 85,

3 LNCMO(0)(A) LNCMO(1)(B) TEM s
B 1(C) 2(D) EDS
Fig. 3 TEM images of LNCMO(0) (A) and LNCMO(1) (B),
EDS images of the region 1 (C) and region 2 (D) in B

CTAB , CoALO,,
2.3
4 LNCMO(0) . LNCMO(0.5) .LNCMO
(1) LNCMO(@3) ,
3.0~4.6V, 150 mA - g

’

LNCMO . LNCMO(0)
175.8 mAh-g",
LNCMO(0.5) LNCMO(1) LNCMO(3)
179.5.174.7.172.6 mAh-g",
LNCMO(0) . LNCMO(0.5)
,LNCMO(1) LNCMO(3)
LNCMO(0) CoAl0,

44}
Z 4.0
5]
&
§ 361 LNCMO(0)

b----- LNCMO(0.5)
32F o LNCMO(1)
d--- LNCMO(@3)
d,c,a,b
2.8 : - !
0 50 100 150 200
Specific capacity/(mAh-g")

4 CoALO, LNCMO(x)

Fig. 4 Initial discharge curves of LNCMO (x) coated with

different amounts of CoAlL,O,

5 LNCMO(0) LNCMO(0.5) LNCMO(1)

LNCMO(3) LNCMO
(0) , 100
744%. LNCMO(0.5).LNCMO(1) LNCMO(3)
82.2% .93.7%  92.2%,

1%,

[18]
s .

6 LNCMO(0) LNCMO(0.5) .LNCMO(1)

LNCMO(3) , 3.0 ~
46V, 5
,LNCM(0) ,
.10C  LNCMO(0)
41 mAh-g', LNCMO(0.5).LNC-
MO(1) LNCMO(3) 111.3,
127.2.77.4 mAh-g’,
0.5C , 0.5C



. 148 « 2015
200
o0 160 oo
éﬁ o0 160 _\
< <
E 120} £
2 3120+
g 3
S 80r . 1nemo() g gol
o o LNCMO(0.5) 8
£ 4oL + LNCMO() 2
5 v LNCMO(@3) 'S 40F a LNCMO(0)
& . % o LNCMO(])
0 20 40 60 80 100 % 20 a0 60 80 100
Cycle number Cycle number
5 CoALO, LNCMO() 7 INCMO(0) LNCMO(I) 55°C
Fig. 7 Cycling performances of LNCMO(0) and LNCMO(1)
Fig. 5 Cycling performances of LNCMO(x) coated with dif- at 55 °C
ferent amounts of CoALO,
92.8% .91.7% .97.7% .96.0% ,LNCMO(1) LNCMO(1) '
. LNCM(0 ’ '
©) 8 40 LNCMO(0) LNCMO
(D) Nyquist
(19201 'CoALO
o R, iR, ( SEI
’ ’ )R, (
21
: ); Warburg ,
7 LNCMO(0) LNCMO(1) 55°C 21 1). 40
: : 46V JLNCMO(0) R, R 6928 Q) 70.99
LNCMO(0)  55°C ’ Q, LNCMO(1) R, R, 36.14 Q
100 17.7%,  LNEMO() 6555 0 LNCMO(0)
77%.
, , 1, R,
N LNCMO(O) y COA1204 ’
200 0ac 80
P 223C 0.5¢ = LNCMO(0)
é“ 160 7v¢$$‘“2‘(7“ . ?;'; o LNCMO(1)
< .."“x:::::AAGEAA 8C 60 Rs R1 R2 w1
E Bl g, s
E\. 120_ .-l.y'vvv..........‘\‘ G CPE1 CPE2
g Yyvy" | £ 40r
gy vy | N amm
§ 80F w LNCMO(O) = vvvey ' o e . .
Q o LNCMO(0.5) fanan | 0% - S T g
% 40+ 4 LNCMO(1) Sagmm 20+ Y " - ° U
g v LNCMO(3)
wn
05 10 15 20 25 30 35 0 ' ‘ :
0 50 100 150 200
Cycle number 770
6 CoALO, LNCMO(x) 8 LNCMO(0) LNCMO(1) 40
Nyquist

Fig. 6 Rate capability of LNCMO(x)coated with different

amounts of CoALO,

Fig. 8 Nyquist plots of LNCMO(0) and LNCMO(1) elec-
trodes after 40th cycle



- 149 -

2 :CoALO, LiNi,sCosMn,;;0,
) . A1203 2 COA1204 Mn
7r0, LiCoO,2* AIPO, LiNisC00,0,% Tab. 2 The concentration of Mn ions in the electrolyte after

1 LNCMO(0) LNCMO(1) EIS
Tab. 1 The simulated data from EIS of LNCMO (0) and
LNCMO(1) electrodes
Charge to 4.6 V R/Q R/Q R,/Q)
LNCMO(0) 10.94 69.28 70.99
LNCMO(1) 5.24 36.14 62.25
9 55 °C.100
XRD . . LNCMO
(1) ,
(006) (102) (108) (110)
. LNCMO(0) .
s COA1204
2
Mn
46V 85°C 4 h). LNCMO(0)
Mn 0.47 pg-mL', LNCMO(1)
Mn 0.23 pg-mL’, CoAlLO,
Mn s
* Graphite
+Al
£l a 22
S = e
2 S n LNCMO(1)
a __J * =
Q
|
_JM LNCMO(0)
20 40 60 80
20/(°)
9 LNCMO(0) LNCMO(1)55 °C 100
XRD

Fig. 9 XRD patterns of LNCMO(0) and LNCMO(1) after
100 cycles at 55 °C

LNCMO(0) LNCMO(1)
(DSC) 10

storing the two electrodes at 85 °C for 4 h

LNCMO(0) LNCMO(1)
Mn/(pg-mL") 0.47 0.23
2 LNCMO(0)
437.3J-g',  LNCMO(1)
3427)-g", 269.8 °C
289.2 °C,
s 304.9 °C
309 °C, CoAlO,
10
— LNCMO(0)
gl LNCMO(1)
B 6
2
ESR|
=
57
= o0t

100 150 200 250 300 350
Temperature/°C

10 LNCMO(0) LNCMO(1) DSC
Fig. 10 DSC curves of LNCMO(0) and LNCMO(1)

3

CoAlLO,
a-NaFeO, ,
CoAlQO,,
Mn ,
1% (by mass)
3.0~4.06V,

LiNi,5Co0,sMn;;50,

150 mA - g’ ,
174.7 mAh-g", 100
LNCMO(0)100
100 LNCMO (1)
(LNCMO(0)  17.7%). LNCMO(1)

93.7%.
74.4%. 55 °C
77%



<150 - 2015
Electrochemistry, 2010, 14(10): 1807-1811.
[14] Myung S T, Lee K S, Yoon C S, et al. Effect of AlF;
(References): coating on thermal behavior of chemically delithiated
[1] Ohzuku T, Makimura Y. Layered lithium insertion materi- Liozs [Ni1,C013Mn;]O ). Journal of Physical Chemistry

(2]

al of LiCo,;3Ni,;Mn,;0, for lithium-ion batteries[J]. Chem-
istry Letters, 2001, 30(7): 642-643.

Guo R, Shi P F, Cheng X Q, et al. Synthesis and character-
ization of carbon-coated LiNi,;Co,sMn,;0, cathode mate-
rial prepared by polyvinyl alcohol pyrolysis route[J]. Jour-
nal of Alloys and Compounds, 2009, 473(1/2): 53-59.

[3] Shaju K M, Brucce P G. Macroporous Li(Ni,;Co,;Mn,;3)O,:

[4]

(5]

A high-power and high-energy cathode for rechargeable
lithium batteries[J]. Advanced Materials, 2006, 18(17):
2330-2334.

Zheng J, Chen J J, Jia X. Electrochemical performance of
the LiNi;5C0,5Mn,;0, in aqueous electrolyte[J]. Journal of
the Electrochemical Society, 2010, 157(6): 702-706.

Sun Y K, Lee B R, Noh H J, et al. A novel concentra-
tion-gradient Li[Ni,Cog;Mny 10]O, cathode material for
high-energy lithium-ion batteries[J]. Journal of Materials
Chemistry, 2011, 21(27): 10108-10112.

Wu F, Wang M, Su Y F, et al. Effect of TiO,-coating on
the electrochemical performances of LiCo,;Ni,;Mn,;0,[J].
Journal of Power Sources, 2009, 191(2): 628-632.

[7] Huang C H, Huang K L, Liu S Q, et al. Storage behavior of

(8]

LiNi;;Co,3Mn,;0,/artificial graphite Li-ion cells[J]. Elec-
trochimica Acta, 2009, 54(21): 4783-4788.

Li C, Zhang H P, Fu L J, et al. Cathode materials modified
by surface coating for lithium ion batteries[J]. Electrochim-
ica Acta, 2006, 51(19): 3872-3883.

Cho J, Kim Y J, Park B. Novel LiCoO, cathode material
with ALO; coating for a Li ion cell[J]. Chemistry of Mate-
rials, 2000, 12(12): 3788-3791.

[10] Han Z H, Yu J P, Zhan H, et al. Sb,Os-modified

[11] Wang J(

LiNi,5Co,3Mn,;0, material with enhanced thermal safety
and electrochemical property[J]. Journal of Power Sources,
2014, 254: 106-111.
), Lin W Q( ), Wu B H( ), et
al. CuO-modified LiNijsMn,sO, cathode materials for
lithium ion batteries[J]. Scientia Sinica Chimica(

), 2014, 44(8): 1332-1339.

[12] Liu X Z, Li H Q, Yoo E, et al. Fabrication of FePO, layer

coated LiNi,;;C0,3Mn;;0,: Towards high-performance
cathode materials for lithiumion batteries[J]. Electrochim-
ica Acta, 2012, 83: 253-258.

[13] Lin B, Wen Z, Wang X, et al. Preparation and characteri-

zation of carbon-coated Li[Ni,;Co,;Mn,;]O, cathode ma-

terial for lithium-ion batteries[J]. Journal of Solid State

[15]

[16]

[17]

[19]

(21]

[22]

[24]

[25]

[26]

C, 2010, 114(10): 4710-4718.

Yun S H, Park K S, Park Y J. The electrochemical prop-
erty of ZrF,-coated Li[Ni,;Co,5Mn,;]O, cathode material
[J]. Journal of Power Sources, 2010, 195(18): 6108-6115.
Tan J R( ), Han Y F( ), Hou W X( ),
et al. Studies on properties of cobalt blue pigment and re-
action kinetics in the liquid phase preparation[J]. Journal
of the Chinese Ceramic Society( ), 2001, 29
(6): 541-545.

Shaju K M, Subba G V, Chowdari B V R. Performance
of layered Li(Ni,sCo,3Mn,;)O, as cathode for Li-ion bat-
teries[J]. Electrochimica Acta, 2002, 48(2): 145-151.

Liu X Z, He P, Li H Q, et al. Improvement of electro-
chemical properties of Li(Ni,;;Co,3Mn;;)O, by coating
with V,0Os layer[J]. Journal of Alloys and Compounds,
2013, 552(1): 76-82.

Li J G, Wang L, Zhang Q, et al. Electrochemical perfor-
mance of SrF,-coated LiNi,;Co,sMn,;0, cathode materi-
als for Li-ion batteries[J]. Journal of Power Sources, 2009,
190(1): 149-153.

ShiSJ, TulJ P, Tang Y Y, et al. Enhanced electrochemical
performance of LiF-modified LiNi,;Co,;Mn,;0, cathode
materials for Li-ion batteries[J]. Journal of Power Sources,
2013, 225: 338-346.

Kim Y, Kim H S, Martin S W. Synthesis and electrochemi-
cal characteristics of AlOs-coated LiNi,;Co,sMn,;0,
cathode materials for lithium ion batteries|[J]. Electrochim-
ica Acta, 2006, 52(3): 1316-1322.

Riley L A, Atta A V, Cavanagh A S, et al. Electrochemi-
cal effects of ALD surface modification on combustion
synthesized LiNi;;Mn,;Co,;0, as a layered-cathode mate-
rial[J]. Journal of Power Source, 2011, 196(6): 3317-3324.
Cho J, Kim Y J, Kim T J, et al. Zero-strain intercalation
cathode for rechargeable Li-ion cell [J].
Chemie International Edition, 2001, 40(18): 3367-3369.
Chen Z H, Dahn J R. Effect of a ZrO, coating on the
structure and electrochemistry of Li,CoO, when cycled to
4.5 V[J]. Electrochemical and Solid-State Letters, 2002, 5
(10): A213-A216.

Tan K S, Reddy M V, Subba R, et al. Effect of AIPO,-coat-
ing on cathodic behavior of Li(Niy3C0,,)O,[J]. Journal of
Power Source, 2005, 141(1): 129-142.

Baba Y, Okada S, Ymamaki J 1. Thermal stability of
Li,CoO, cathode for lithium ion battery[J]. Solid State
Ionics, 2002, 148(3): 311-316.

Angewandte



2 :CoALO, LiNi,sCosMn,;;0, -151-

Electrochemical Performance of CoAl,O,Coated LiNi;;Co,;Mn;;:0,

CAI Ji-jun', CUI Wang-jun", LI Bing’, YU Yang-yang', ZHAO Jin-bao'**
(1. College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, Fyjian, China;
2. College of Energy, Xiamen University, Xiamen 361005, Fujian, China)

Abstract: A method to improve the electrochemical performance of LiNi,;Co,;Mn,;0, for high voltage lithium-ion battery
by CoAlLO, coating was present in this work. The effects of CoAl,O, coatings on the structure and electrochemical properties of
LiNi,;5Co,3Mn,;0, were investigated in detail. The results show that CoAl,O, forms a thin layer of 8 nm on the surface of
LiNi,5Co,3Mn,;0, without destroying the structure of the core material. The CoAl,O,-coated LiNi,;;Co,;Mn,;;0, possesses better
rate capability and cycle performance than the uncoated sample. The excellent cycling performance can be obtained even with
1% (by mass) CoAl,O, coating, for example, the capacity retentions at the 100th cycle increase from 74.4% to 93.7% at room tempera-
ture, and 17.7% to 77% at 55 °C, respectively. It was also confirmed that the CoAlL,O, coating could depress Mn ions dissolving into
the electrolyte, and could lead to the enhancement in the structural stability and the thermal stability of LiNi,;Co,;Mn,;0,, suggesting

that the CoAlLO, coating is an efficient way to improve the electrochemical performance of LiNi,;Co,;Mn,;0,.

Key words: lithium-ion battery; LiNi;sCo,;Mn,,0,; electrochemical performance; CoAl,O, coating



