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Effect of Service Temperature on Properties of Multi-walled Carbon
Nanotubes/Li, ;4Ni,;Co,,sMn,;,0, Composite Positive Materials
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Abstract: In this paper, the electrochemical performance of the composite material with MWCNT content (mass
fraction) of 3% at =20 and 60 “C was reported, and the results show that the specific capacities were as high as 169
and 303 mAh-g™', respectively, as well as superior rate performance and cycle stability. Combined with the results
of the electrochemical impedance test, it can be concluded that MWCNTSs were attached to the surface of the layered
particles uniformly, which can reduce the corrosion of the electrode material effectively, hinder the production of the

solid electrolyte interface film, and improve the electronic conductivity of the material.
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Fig.1  XRD patterns of the L.-M-0 and L-M-3 composites
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664 Jc ML 1k

2

L
&

=

Eitd 3748

mAh-g™o 30 YRAE R 5 195l FL 25 4 43 31 o 88 11 141
mAh- g™, BEAEFR N 93.5% F192.7%., HL Al %,
MWCNT (5] A HE = T A RHEARE T 1 AL 2416
WrE k.

WS dc T, 2 A BHBHEE 60 CH Y 1 U H
ZEHE53 500 303,307 mAh- g, 30 YRAE R il L 2

200

(@
L]
~ 1601
[ ’...oooooooooooooooooooooooo.

1204

Discharge capacity / (mAh-g

159K 4 240,280 mAh-g, 5 T =R F AR, H
L-M-3 ARt 30 Yk 7 il fL Js O 25 2 DR e ] s ik
93%, AXER I, MWCNT 95| A A] LA $CH & b
B =L 0 5 R 7 e S AR e 1

554 L-M-0 F1 L-M-3 #1 BHE-20 C A Z IR T 1Y
R . A K SarTLAE H , MWCNT i 51 A, B

300

(b)
2504054,
— ®s0000
T 1 thenngneneteettee
= 200 "fsatangaa,,
E
=
£ 1504
<
=9
g
£ 100
<
=
g
E
509 & 0% MWCNT
o 3% MWCNT
A L) hd L hd U
0 10 20 30

Cycle number

804
40
= 0% MWCNT
® 3% MWCNT
v T v T v T
0 10 20 30
Cycle number
400
c
3504 ©
ol IR LT T PP
*
=5 2504
&
~ 200+
=
E
& 150 4
1S}
100 4
u 0% MWCNT
50 1 ® 3% MWCNT
v L
0 10

T v T

20 30

Cycle number

Fl4  L-M-0.L-M-3Z 5 M EHE-20 C (a) . Z il ()1 60 C () IR RE
Fig.4 Cycle performance of the L-M-0 and 1.-M-3 composites at =20 °C (a), room temperature (b) and 60 °C (c)

240
| @
~ 2001
ko 0.1¢
-
.2
T 160 goeoeses  © ¢
= le ®000e00ee  0.5C
£ . e00t,
2 120 1 wag 1C
o
& e LT C0%0c0ccee
= L]
_:5 80 2C
é -Illlll- .M.
40
m 0% MWCNT LLL L T
® 3% MWCNT "Ssssmmans
v T v T T T T T T
0 10 20 30 40 50

Cycle number

240
(b)
0000%g000°
~ 2004 tnammaagg 000000000
D -
1
f:: 0.5C .-...'.---oo....oooo
£ 160
‘\; 1C llllll-....
£ 2C .
3] | %
§120 eens,
s
—5 80 l'-.-.....
z 5C
a
404
= 0% MWCNT
® 3% MWCNT
T T T T T T T T

0 5 100 15 20 25 30 35 40
Cycle number

Fl5  L-M-OFIL-M-3 2 5 M EHE-20 C (a) I E Il (b)Z& AT F RIS RE
Fig.5 Rate performance of L.-M-0 and L-M-3 composites at =20 °C (a) and room temperature (b)



5543

TR AL X 22 BEBR A KA /LA, 1 Niy 5Coy ,sMn, 5,0, 2 A3 IER AR RE 1952 ) 665

BARFE TR BAE-20 C TR, X5 EIRT
[ RO EE Y I

& 6a.,6b 435 A L-M-0 F1 L-M-3 #4 B} = 5 5%
HTFRCV g, E6c 5K 6atdlt, Hgk CV i<k
T AE4.79 VAR L T — AN AR 15X S SR A0
e A AT RE R A R AR S5 S i AR i A, LRI & A i
EERASARN, R T IENES. FediH
WOV BT 5K 6c MR IS, fEIR Lk
55 3 RIS 4 WA I B B0 T 4R b e B I AR 1 R
S0 WERYTEALIR BT IL IS 20 R () 8 FE G & |

S B AR R

Pl 6f 55 1] 6e AH LU , SR X I 19 4 Ak e e
P B S8 R, AR X O R 1) e i 2 e A T 4
X Sl ek —2 . K ef FI A RE R L34
PEA CV fH R IEARTE A, HAE2.71 VAL Mn* 38 Ji7
U 55 1] 6 AH LLAT BH B A0/ ) , 3RS B 30 mT LA 13 B
ARG BRI A T3 5 .

XF EE L-M-0 i1 L-M-3 A4 %) 55 Il e Ak 2 PR e
L HAH R (4 2 R L P RE R B, 5] A MWCNT 5,
AR iR T B AR Ak A R RE XA KRR T . &5

2.0 2.0
— ] st
Ind (a) 1st (b)
1.54 154 = 2nd
e— 3 B
s 31d
e 4th
1.04 s 4th
: 1.04
< <
£ 0.54 £
= =< 0.5
0.04
0.0
~0.54
~0.5-
_1 '0 L) L) L) T L} T T T T T T T T T
20 25 30 35 40 45 50 20 25 30 35 40 45 50
Potential / V (vs Li/Li*) Voltage / V (vs Li/Li*)
0.4
{—1st (©
034 — 2nd
] —3d
= 4th
0.2+
<
£ 0.1
=
0.0
-0.1
-0.2 —r——r—r—r—r—r—r—7r—r -0.2 T T T T T 7
20 25 30 35 40 45 50 20 25 30 35 40 45 50
Potential / V (vs Li/Li*) Potential / V (vs Li/Li*)
2.0 2.0
— st (e) {1 =1 ®
154 == 2nd 15 ——2nd
J =3 { —3ud
. 41h
1.04 104 — 4th
< <
g 054 E 0.5
N <]
0.0+ 0.0
-0.54 -0.54
-1.0 T T -1.0 T T T

) T T T T
20 25 30 35 40 45 50
Potential / V (vs Li/Li")

v — T T T v T T T T
20 25 30 35 40 45 50
Potential / V (vs Li/Li*)

K6 (a.c.e) L-M-OF(b .d.f) L-M-35 G HFHE . b) i (e .d) -20 CL (e ) 60 CHJCV [HiZk
Fig.6 CV curves of (a, ¢, e) L-M-0 and (b, d, f) L-M-3 composite at (a, b) room temperature, (¢, d) =20 “C and (e, f) 60 C



666 Jc ML 1k

N 374

4 SEM &, A0 4D, J& MWCNT 72 kE 22 8] 1Y
P57 AR A L SR RS — A,
FRATT SR A Ak A AT ek B o TR 1 b 2 B AT A T
TS SR 7 E 8 s .

FR A5 1 7 4005 FIr 45 1) S 330 H 86 G 11 8 /s, 485
ROVFR 1, Horh R &AL AR R BH , R A C 23R
T FEC R SEL R B 25, R, 1 €y 2 P A 27 % R EL R XL ER

K, 2o AR T H0 S W) Warburg BB . HL R B4
BHE-20 CHRAEHT, R AR BT B34 in B &, ifi
EMWCNT & & J51E-20 C&MHF , MR A R AR,
YA RN, 13X — 052 Ul B AR E AR IR A 1 T
it RIEK, i e B i BRI A 3 I T A8 158
oz, FERA LA ERR A 22 il i 5 MWCNT I E A,
CINYE SR &K S NP A = % S iR (1

700 TI0

-8-0% MWCNT
(b) -8-3% MWCNT

600

5004

=2"1Q
N
s

1 —=— 0% MWCNT
1 —e— 3% MWCNT,

) v ) M ) v ) v ) v ) v
0 100 200 300 400 500 600 700
Z'1Q

10 000
(@)
—&— 0% MWCNT
—o— 3% MWCNT
80001
6 000+
=]
4000
2 000+
v T v T v T v T v
0 2 000 4000 6 000 8000 10 000
Z'1Q
800
1 ©
700+
6004
500+
=] 4
3 4009 —=—0% MWCNT

-Z

300+

200+

100+

1 —*—3% MWCNT

~&-0% MWCNT
~@-3% MWCNT

40
z'1Q

v v v v v v v v v v v v I v
0 100 200 300 400 500 600 700 800

Z'1Q

FE7  L-M-0FL-M-3 4 & H#PRHE-20 °C (a) Z IR (b)F160 °C ()i Nyquist €]
Fig.7 Nyquist plots of L-M-0 and L-M-3 composites at =20 °C (a), room temperature (b) and 60 °C (c)

R R, R, 7,
T
Cwl C(II
P8 U5 28 it BHAC I ol T 1 S5 o it

Fig.8 Equivalent circuit used in fitting AC impedance

#®1 L-M-0Ff1L-M-3 8 &M B#E-20 C.ERBM60 CRETHENSH
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-20 C Room temperature 60 C
Sample
R/ Q R,/Q R,/ Q R,/1Q R/ Q R, /Q
L-M-0 5577 3785 74.57 501.5 397.8 4235
L-M-3 4790 3739 36.09 153.8 33.36 55.77
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