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Synthesis and Electrochemical Performance in Modified
Electrolyte of Microspheres LiNijsCo,;Mn,,0,

MA Shi-Ping CUI Yong-Li* ZHU Hong-Gang ZUO Wen-Qing SHI Yue-Li ZHUANG Quan-Chao
(School of Materials Science and Engineering, China University of Mining & Technology, Xuzhou, Jiangsu 221116, China)

Abstracts: Microsphere high-nickel ternary LiNigsMng;Co,,0, (LNCM811) cathode was syntheisized by the chemical
co-precipitation method with a simple solid-state reaction, and characterized by X-ray diffraction (XRD), scanning
electron microscopy (SEM) and transmission electron microscope (TEM). Electrochemical behavior of LNCM811
was investigated by electrochemical impedance spectroscopy (EIS), combining with cyclic voltammogram (CV) and
charge/discharge test in the 1 mol- L™ LiPF,EC:EMC electrolyte with 2% (w/w) ethylene sulfate (DTD) and 1% (w/w)
methylene methanedisulfonate (MMDS) additives either singly or in combination at room temperature of 25 °C or
elevated temperature of 60 “C. It is found that compared with 1% MMDS, the 2% DTD can slightly improve the
initial coulombic efficiency and initial discharge capacity of the LNCM811 at room temperature. Both 2% DTD
and 1% MMDS can improve the long cycling performance of LNCM811, and the 2% DTD additive is better than
the 1% MMDS additive at 25 “C, however, the 1% MMDS is better than the 2% DTD at elevated temperature of
60 °C. After long cycles, the LNCM811 cathode has the best cycling performance with additive combination 2%
DTD+1% MMDS. EIS results reveal that the additive blend of 2% DTD+1% MMDS can drastically lower the

kinetics impedances.
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Fig.1 Schematic drawing of the LNCM811 synthesis process
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AR —EMXER, WA, el kB, AR



1310 kMl otk

#o% 4R

&
r
gl

2% DTD+1% MMDS BEH % s A% R, S A0 i) 7
I XS5 EEUINF AT FRE SET R HE & B
WHIFRETEA —E LR,

3 & it

I FH 30 v i A s B 1 ) 4 T KR R E
— G LNCMS11 IEB AR T 98 HAE T 2%
DTD. %h 1% MMDS LA X% Z &% 2% DTD+1%
MMDS 1 L P i L Ak 2R pE S5 SRR 2
B VR M A A A N N 4 B £ 5 LNCMS 11 IE
Wy E IR T E AR AR B RERRCE L AR
PERE, WIR T U 2% DTD H A $5 i (4 i 45 i
217.9 mAh-g™ 1 92.9% 1) & J& B 20 80 JAE FR
Ji, TE 2% DTD+1% MMDS & 45 8 il 77 () H i i
A S A6 A PEBE X B 1 25 B PR R R 88.2%
iR 60 CF WA 29% DTD 1 19% MMDS ¥4 fg 2
= LNCM811 fE¥PERE , H 1% MMDS %It 2%
DTD ¥ B &, Wi & & W E e Fie
LNCMS11 7£ = i T 76 ¥ B8 90 JA 1l 3 J5 45 i
5% N 51.4% EIS X F I 2% DTD+1% MMDS &
A A IR B 25 R AR LNCMS 11 /Y 8 J1 2= Bt

SE k.

[1] TANG Zi-Long(F% T J2), LE Bin(/iit), ZHANG Zhong-Tai
(5K K, et al. Chem. J. Chinese Universities(# 3 5 &A%
F FIR), 2005,26:2093-2096

[2] HE Hui(% ), CHENG Xuan(F23#), ZHANG Ying(% #0),
et al. J. Funct. Mater.(%h #2414 #1), 2004,35:667-671

[3] Gummow R J, Kock A, Thackery M M. Solid State lonics,
1994,69(1):59-67

[4] Tsai Y W, J. Hwang B, Ceder G, et al. Chem. Mater., 2005,
17(12):3191-3199

[5] HU Guo-Rong(# [F5%), LU Wei(/" %), LIANG Long-Wei(%#
Jeth), et al. Chinese J. Inorg. Chem.(%ALALF 5 3R), 2015,
31(1):159-165

[6] ZHENG Zhuo(# ), HUA Wei-Bo(1 4i1#), WU Zhen-Guo
(R ¥R ED, et al. Chinese J. Inorg. Chem. (% #AL F 5 3R),
2017,33(2):307-314

[7] HU Guo-Rong(#H [E %), WANG Wei-Gang(F £ Ml), DU Ke
(FLAT), et al. Chinese J. Inorg. Chem.(FHUAL 5 5 34R), 2018,
1(34):63-72

[8] Kim M H, Shin H S, Shin D, et al. J. Power Sources, 2006,
159(22):1328-1333

[9] Abraham D P, Twesten R D, Balasubramanian M, et al.

Electrochem. Commun., 2002,4(8):620-625

[10]Bang H J, Joachin H, Yang H, et al. J. Electrochem. Soc.,
2006,153(4):A731-A737

[11]Xiong X H, Wang Z X, Yue P, et al. J. Power Sources, 2013,
222:318-325

[12]Shizuka K, Kiyohara C, Shima K, et al. J. Power Sources,
2007,166(1):233-238

[13]Zhang Z R, Liu H S, Gong Z L, et al. J. Electrochem. Soc.,
2004,151(4):A599-A603

[14]Liu H S, Yang Y, Zhang J J. J. Power Sources, 2007,173(1):
556-561

[15]Zheng J M, Wu X B, Yang Y. Electrochim. Acta, 2011,56
(8):3071-3078

[16]Woo S W, Myung S T, Bang H, et al. Electrochim. Acta,
2009,54(15):3851-3856

[17]Chen M M, Zhao E Y, Chen D F, et al. Inorg. Chem., 2017,
56:8355-8362

[18]Vu D L, Lee J W. J. Solid State Electrochem., 2017,4(9):1-
9

[I9]YiTF,LiY M, Yang S Y, et al. ACS Appl. Mater. Interfaces,
2016,8(47):32349-32359

[20]Fan S S, Zhong H, Yu H, et al. Sci. China Mater., 2016,59
(8):618-628

[21]Xiong X H, Wang Z X, Guo H J, et al. J. Mater. Chem. A,
2013,1:1284-1288

[22]Cho Y, Lee Y S, Park S A, et al. Electrochim. Acta, 2010,
56(1):333-339

[23]Woo S U, Yoon C S, Amine K, et al. J. Electrochem. Soc.,
2007,154(11):A1005-A1009

[24]Lee D J, Scrosati B, Sun Y K. J. Power Sources, 2011,196
(18):7742-7746

[25]Hu G R, Deng X R, Peng Z D, et al. Electrochim. Acta,
2008,53(5):2567-2573

[26]CONG Chang-Jie(MA K ), ZHANG Xiang-Jun(5K 11 %), LU
Shi-Gang(J5 /), et al. Chinese J. Inorg. Chem.(RAUAL F
FIR), 2011,27(7):1319-1323

[27]Sheng S Z. J. Power Sources, 2006,162(2):1379-1394

[28]Abe K, Colera M, Shimamoto K. J. Electrochem. Soc., 2014,
161(6):A863-A870

[29]Zuo X X, Fan C J, Xiao X, et al. J. Power Sources, 2012,
219:94-99

[30]Zuo X X, Fan C J, Xiao X, et al. ECS Electrochem. Lett.,
2012,1(3):A50-A53

[31]Xia J, Sinha N N, Chen L P, et al. J Electrochem. Soc.,
2014,161(3):A264-A274

[32]Xia J, Aiken C P, Ma L, et al. J. Electrochem. Soc., 2014,161
(6):A1149-A1157

[33]Xia J, Ma L, Aiken C P, et al. J. Electrochem. Soc., 2014,



7

By 4 L SR LiNiggCon Mng O, B4 89 1l £ K 70 e vt A W v B9 v AL~ 1 1311

161(10):A1634-A1641

[34]XING Yun(JB ). Thesis for Master of Hebei University of

Technology (¥ 3t T dk X & #l 4 # ), 2015.

[35]Li J F, Xiong S L, Li X W, et al. Nanoscale, 2013,5(5):2045
-2054

[36]Li J F, Xiong S L, Li Y W, et al. Nano Energy, 2013,2(6):
1249-1260

[37]1ZHENG Zhuo(¥84.), WU Zheng-Guo(% ¥ ), XIANG Wei
(I £6), et al. Chinese J. Inorg. Chem.(RALAL 5 5 3R), 2017,
33(3):479-486

[38]ZHUANG Quan-Chao (JE 4> ), XU Shou-Dong (% 5 %),
QIU Xiang-Yun(E8# =), et al. Prog. Chem. (1 5 # &),
2010,22(6):1044-1057

[39]Wang Q S, Sun J H, Yao X L, et al. J. Electrochem. Soc.,

2006,153(2):A329-A333

[40]0hzuku T, Ueda A, Nagayama M. et al. J. Electrochem.
Soc., 1993,140(7):1862-1870

[41]0h S H, Lee S M, Cho W 1, et al. Electrochim. Acta, 2006,
51(18):3637-3644

[42]Cho ], Park B. J. Power Sources, 2001,92:35-39

[43]Thomas M G S R, Bruce P G, Goodenough J B. J. Elecirochem.
Soc., 1985,132(7):1521-1528

[44]Levi M D, Gamolsky K, Aurbach D, et al. Electrochim.
Acta, 2000,45(11):1781-1789

[45]Zhuang Q C, Wei T, Du L L, et al. J. Phys. Chem. C, 2010,
114(18):8614-8621

[46]Cui Y L, Wang M Z, Wang ] L, et al. Mater. Chem. Phys.,
2016,180:46-52



