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Abstract: High nickel ternary cathode material LiNi, sCo, ; Mn, ; O, was prepared by high temperature
sintering method, and the carbon nanotubes were treated in mixed acid. The single wall carbon
nanotubes were obtained by centrifuging. Then dispersant (DMF) and LiNi, 3 Co,; Mn, ; O, were
mixed, and different amounts of carbon nanotubes were coated on the surface of LiNi, s Co,.; Mn, ; O,
by ultrasonic dispersion and spray drying method uniformly. CNTs/LiNi, s Co,.; Mn, ; O, composites
were characterized and tested by SEM, XRD and electrochemical test system. The results show that
the composite with 0. 5% (mass fraction) carbon nanotubes has the best morphology and the best
electrochemical performance. The first discharge specific capacities at different rates such as 0.1 C and
5 C are 215.587 mAh + g 'and 175. 78 mAh + g™', respectively. When charged at 0. 1 C and
discharged at a large rate of 5 C, the CNTs/LiNi, s Co,., Mn, ; O, composites can still maintain the first
discharge capacity of 81.54% , which is 10.48% higher than that of LiNi, sCo,.1 Mn, ; O, which is not
coated with carbon nanotubes. After 100 cycles at 1 C, the capacity retention rate is 93. 02% , which
is 15. 42% higher than that of LiNi, sCo,; Mn,.; O, which is not coated with carbon nanotubes.
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Table 1 Cell parameters of CNTs/LiNi, 5sCoy; Mn, , O,

composites

Sample a/nm ¢/nm c/a R= T3 /Icion
0% CNTs 0. 28779 1.41988 4.9337 1. 375807
0.1% CNTs 0.28736 1.42098 4.9449 1. 415897
0.3% CNTs 0.28687 1. 42044 4. 9515 1. 415907
0.5% CNTs 0.28614 1.41987 4.9622 1.416087
0.7% CNTs 0.28634 1.41945 4.9572 1.415867
1% CNTs 0. 28658 1.42025 4. 9559 1.415763
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of composites with different CNTs contents at 0.1 C
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50 0%
L —= 0%
| TSk
35}
30
251
20+
15+
10+t

20

0 20 40 60 80 100 120
Z'Q
8 & ARORHBER 100 W ) Nyquist [

Fig. 8 Nyquist diagram of the composites after 100 cycles

50f —=- 0%
45F - 0.5%

Z"Q

0 20 40 60 80 100 120
ZIQ
B9 SAREHEAR RS 2T FHOE S B9 Nyquist
Fig. 9 Nyquist diagram of the composites at different rates

after charge and discharge

3 &R

(1) =8 = JCIE M A4 B LiNi, s Cog.s M, O, i 33
e T [ ) 4 T A R R R 7S S W o TR R
I CNTs 478 78 LiNiy s Coo s Mny , O, 125 i »



$ A8 % W5 i CNTs B A LiNi, . Co,  Mn, , O, 1B bR 625 4 i 0 56 00 73
: 8%"/?%1&%8 : S%WQ%LSTS [6] LIMJ M, HWANG T, KIM D, et al. Intrinsic origins of crack
ool = 0% SNTS generation in Ni-rich LiNiy.s Coo,1 Mng,; O layered oxide cathode
m= 018 SNIs material[JJ. Scientific Reports, 2017,7:39669-39677.

= 0.3% CNTs e P - - T o e 2
g a0l = 0.5% CNTs (7] 2R BRI, BRAF SRR =02 R AW IE M R 7

o’ LI A T 5 LT ). B ML B4 4R . 2017,32(2) : 113-119.
LI X, GEW ], WANG H, et al. Research progress on the capac-
207 ity fading mechanisms of high-nickel ternary layered oxide cathode
materials[ ] ]. Journal of Inorganic Materials, 2017, 32(2).113-

0 100 cycles 4 cycles 1 cycle 119
(8] WK Hghl & VLM, 45, B8 7 it = B2 = o M R Y B 50
P10 AR T BT A ReBELAE 1 LT, b TR, 2019,47(10) £ 1-8.

Fig. 10 R of impedance test fitting under different conditions YUAN S D. YANG C X, JIANG G D. et al. Research progress
in nickel-rich ternary materials for lithium-ion batteries[J]. Jour-

kf)rﬂ 0.5 % E]/\] CNTS/LlNlog Coy.1 Mn, , O, E’\J zé.: ﬁ}] ﬂE'i nal of Materials Engineering, 2019, 47(10) . 1-8.

ﬁ% ,CNTs @%i@/jj \ﬁ/;%ﬂ%m 3 [9] LU Y., PANG M. SHI S, et al. Enhanced electrochemical proper-
(2)0. 5% E’:J CNTS/LiNiO'g Coy.y Mny ; O, Eé)fﬁ_ ties of Zr'*-doped Lii. 20[ Mny. 52 Nig. 20 Cog. 05 ]O2 cathode material

el b . . o U for lithium-ion battery at elevated temperature[ J]. Scientific Re-

BHERE RS, 12 0.1 CHI 5 C T A E BOR & ) borte. 2018, 8. 2081 2085,

A 215.59 mAh « g7' Fl 75. 78 mAh + g #E [14] WEIGEL T, SCHIPPER F. ERICKSON E M. etal. Structural

0.1 CF7H ., KFFHR 5 C FjltH ,CNTs/LiNi, 3 Co, and electrochemical aspect of LiNig, s Mno,; Coq, 1 O; cathode mate-

Mn, O, EE5MEREMSAT 0.1 C THBAEN rials doped by various cations [J]. ACS Energy Letters, 2019, 4

81.54% . o 45 #y LiNiys Cooy Mny, O, Hjm 7 (2 90551

10. 48% . 51 C fE 3R 100 ﬁ(}a’f}?}ﬁ 93. 02% i 75 [11] SUSAIAF A, K()VACHEVA ‘D, CHAKRABORTY A, et al‘.

o . Improving performance of LiNig s Mng. 1 Cog, 1 O2 cathode materi-
1%*%$ ’ [:['/‘ g@ E@ LINIO'SCOO' 1 Mno,l()z i jJ[] T 15. /12y ° als for lithium-ion batteries by doping with molybdenum-ions:
iﬁiﬁlﬁ?ﬁ?ﬂﬂ ﬁtﬁfﬂ *j‘ *’{' Y HE ]Sﬂ?}ﬂi/]\ ’ /ﬁ\ﬁ%%‘f&k ﬁlé XEJ" ?U theoretical and experimental studies[ J]. Applied Energy Materi-

3%, LiNiy sCop 1 Mng 1 O, 48 By HA 5 5 ) 78 i L als, 2019, 2(6); 4521-4532,

P i B MR Y CNTs #4785 32 35 LiNi, [12] BECKER D, BORNER M, NOLLE R, et al. Surface modifica-

COO, : MnoA ) ()2 J‘_Eﬂi *j‘ *4 % @i X Eﬁ%ﬂﬁ ﬂ,: ‘ri ﬁlé $u 'f%%": tion of Ni-rich LiNiy 3 Cog.1 Mng, 1 05 cathode material by tungsten

- oxide coating for improved electrochemical performance in lithi-

f LES um-ion batteries[ ] ]. Applied Materials and Interfaces, 2019, 11

5% (20): 18404-18414.
[13] XU Y D, XIANG W, WU G Z, et al. Improving cycling per-

[1] LIANG C, KONG F, LONGO R C, et al. Unraveling the origin formance and rate capability of Ni-rich LiNig g Coo.1 Mno,; O2
of instability in Ni-rich LiNi;—»,Co,Mn,O; (NCM) cathode mate- cathodematerials by Li; Ti; Oz coating[J]. Electrochemical Ac-
rials[J7]. The Journal of Physical Chemistry, 2016, 120 (12); ta, 2018, 268: 358-360.

6383-6390. [14] WU Z, HAN X, ZHENG J, et al. Depolarized and fully active

[2] JUSH, KANGIS, LEE Y S, et al. Improvement of the cycling cathode based on Li(Niy 5 Cop.2 Mng.3) Q2 embedded in carbon
performance of LiNiy ¢ Cog, 2 Mng 2O, cathode active materials by a nanotube network for advanced batteries [ J]. Nano Letters,
dual-conductive polymer coating[ J]. ACS Applied Materials and 2014, 14(8): 4700-4705.

Interfaces, 2014, 6(4); 2546-2550. (150 AR . 07 5. B 44 R A5 A W Al 2 o o 2 G R A LT . 2 RE #F

[3] LIUW, OH P, LIU X, et al. Nickel-rich layered lithium transi- ¥,2005,36(5):730-733.
tional-metal oxide for high-energy lithium-ion batteries[ ] |. Ange- HU C G, WANG W L. Investigation of electrochemical proper-
wandte Chemic Electrode Materials, 2015, 54(15) :4440-4457. ties and their applications on CNT electrodes [ J]. Journal of

[4] YAN P, ZHENG J, LV D, et al. Atomic-resolution visualization Functional Materials, 2005, 36(5): 730-733.
of distinctive chemical mixing behavior of Ni, Co, and Mn with Li [16] XPuside, o2 WiHe , B2 BL0 45 TR 40 K45 0 80 1 X K OR A B 1 A
in layered lithium transition-metal oxide cathode materials[ ] ]. B AL =P RE M 2w (] ], Dy B A4 L, 2016,47 (12):12129-
Chemistry of Materials,2015, 27(15) :5393-5401. 12132.

[5] WE.ME.EAR.Z FH =02 REMLY LiNi. s Coo1 Mno DENG L F, PENG H Y, QIN Y K, et al. Effects of CNT con-
O TEMABT]. b2 R ,2019,31(2/3) ; 442-454. tent on electrochemical properties of nature graphite anode mate-
FENG Z., SUN D, TANG Y G, et al. Rich-nickel ternary layered rials[ J]. Journal of Functional Materials, 2016, 47(12): 12129-
oxide LiNig, gCoq.1 Mng, 1 O, cathode material[ J]. Progress in Che- 12132.
mistry, 2019, 31(2/3):442-454. [17] CHENG Q. ZHOU J, KE C, et al. Method for synthesis of ze-



74

# A TR 2020 4 5 A

[18]

(191

[20]

olitic imidazolate framework-derived LiCoO,/CNTs@ AlF; with
enhanced lithium storage capacity [ ] ]. Inorganic Chemistry,
2019, 58(18): 11993-11996.

BEPE 3. LiNiG-.y) Co, Al Oy 5 88 =50 IEARB R 1 45 15 ok i
FELD]. W IR WA /R Tolk K2, 2016.

RUAN Z W. Synthesis and modification of LiNij.., Co,Al,O,
nickel rich cathode materials[ D]. Harbin: Harbin Institute of
Technology, 2016.

A 0. B0 B R B = T IE AR B RS B LD st
TR, 2012

LI L. Synthesis and modification of LiNi,Co,MnzO;cathode ma-
terial for lithium battery [ D]. Beijing: Tsinghua University.,
2012.

ARy e, 2 L TE B, S IRADKRE 5 A BRI S KRR A
NIRRT AR LR 2017,45(4) 1 121-127.

DENG L F, PENG HY, QIN Y K, et al. Combination carbon

nanotubes with graphene modified natural graphite and its elec-
trochemical performance[]J]. Journal of Materials Engineering.,
2017, 45(4) . 121-127.

[21] 1 Jy. #R  vt TE B R A ) 2 B A 2 PERE B SE (D], £
A R A, 2018,
LIU L. Synthesis and electrochemical performance of sulfur-con-
tained cathode materials for lithium sulfur batteries [D]. Shihe-

zi: Shihezi University, 2018.

ES&TE R A AR 34 F AR BI5E (31530009)

%5 H 8 :2019-09-27 ;4&3iT H#A: 2019-12-30
BIRAEE XBu e 1970 —), 55 B B8z, 18 1, 3222 0 AR U5 A4 R 1 BF
8K ZR Mk 31 A8 KD T R0 X 1L R B 498 5 ARl B B R 2
MOEVRL % 5 TR 22 (410004) , E-mail ; denglingfeng168(@126. com

(Aot %: 2D



