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Preparation of Li, ,Nij. 33C0y 133 Mny 5330, anode material and

its electrochemical performance
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Abstract Lithium-rich anode material Liy.» Nio. 135 Coo. 155 Mg, 553 O, was prepared by hydrothermal method and
coated with graphene. The phase structure, morphology and electrochemical properties of the coated materials were
investigated by X-ray diffraction ( XRD), scanning electron microscopy (SEM) and electrochemical impedance
spectroscopy (EIS). The results shown that when the coating amount was 2wt% , the Li-rich material had a good
coating effect. Its first Coulomb efficiency was 89. 6% , which was 17.16% higher than the original material. The
discharge specific capacity was 226. 41mAh/g,which was 21. 38mAh/g higher than the original material. The discharge
specific capacity after 100 cycles of 0. 5C can be maintained at 154mAh/g,its capacity retention rate was 88% , which
was 5. 3% higher than the original material. The impedance was 75Q,which was much smaller than the 125Q of the raw
material.

Key words graphene, lithium-rich anode material, hydrothermal method, lithium-ion battery

A8 B 3 M
2020 4F 3 H

R TS O S N AVl N TR T VAL S VA Y i
J3Z 1 8h 0 e it R B e L I Ak
B & T 37 % e e A 2 R R R 1 B L E R e
JE LR L 25 o F A RE B BT BT g b
Tl AR P A7 28 57 AR ORE RE O B2 BB 2k 300mAh/ g,
FE Ak 7 A b ) ik H e 7 5 AT 3K 3] 500mAh/ g, AR
TEAR AR TH DU b 25 5 AR T 200mAh/g (19 W%
(47 RS Iy % = v = = i {2

HEEWMA : #1L%H K4 (1s201511080)

MWy A N B =0 IE R AR A 2001 4 A
ISR . LA 5 (9 L L A A (2> 250mAh/ @) 32 B )
ZORTENT BT EERT 4.5V i L 8l £k
PN S iU Sl 1 o o 1 = s o <)
Li, MnOs B3 - 52 4 i i e e 2 &, (2t i
T P It A% S B T o S 1 0 1 [k s 3 AN AT
T [a] s A ek 45 g -t 5 B IR, oL 98042 ok T e
JERE R A A P R B AN A A R R A R

fEE B kAR 52 (1993, 5 B L W5 A, 2 BSR4 B 7 ol W IE A A RHIE 52 T AR
BOR ACERNI963-) T Hoz NS TE ML) REATRE B RE R M RLIT 5L T A .



55 3 4] AR A B/ W SR IE A S MR A ROl AR PR BT Y .« 223 .

I e T FL R R PR T AR R R 19 4 IR A% i 25 4
SRRV LB E BB SRR A A R R
PR R ROT . APPSR K PGkl % T
A s /WP = U IE R R A AR, XS 2 A G
ASC AT 0 FL 7 S AR L IR S A IR B R R
e PEREREAT B 5T, X L 1 A 28 0 L B R0 S B OREY
PERE.

1 SLIEEHS

1.1 ERSNE

T TRy o PR L L TR A L B TR B L Sk A B 0 By
K FH ] Super-P. B fi i £ # (PVDF) | N-Hl 3
M e B (NMP) | 25 85 T K .

£ X B2 AT 5 (XRD, AXS D8 Advance
), 48 E Bruker 22 A £ L F 8 4 8 (SEM,
Tecnai G2 F20 SS-TWIN 1), % F FEI A #l; 4 H
B ILUTVE F 48 5 ML B IR BHE A FRA R 78
JHL 3R A (LAND CT2001 %), 530 s Bl 14
RS 7] 5 B Ak 2% TR 3k (CHI760e #), | i JR 4B AY
A RAHE .
1.2 EfE=TERMEILH&

FE AL AT L PR IO R A R R B R L
fift 7E 2 B Tk b LR B 2mol /L (¥ W S T
BR 4N (4mol/L) A1 & /K (1. 2mol/L) B IR & V& W »
W 2 P IRl e B T 4 A B L UUTE O 2 L E AR
SRR BERE R R 5001/ min, V&K RN
50°C 54 pH=09.0+0.05, ) 1mL/min ¥ & 55 4%
HERE Sh RS S Ak 2 fi £ 1h, BRfk 12h, ik Jf
TVE 3~4 W B g U T 120°C X T4
6h, A5 E AT AR A, FR B AT IR A Y T, SR N R
MR G B 5V IR A IR G WA E AR T
500°C Filke Sh, Bt ¥ E0 I 58 0 5 , TR0 IR T
900°C #Bebe 12h, Bl b ¥ A1 J5 3 43 DF 5, 19 3] & 41 =
TCIEM A B Lis. 2 Nio, 155 Coo, 155 Ming 555 Oz s FERIEAE A
1.3 AEK/EE=TERSESHMHNESZ

B 0. 5g Sk Sk oK, i T 500mL L B+
Kb B E 12h J5 A 3h, 15 3 4 Bl 51 6 R ik
JEH Img/mL W4k A BIRE . 1% 1g B8 =T
IEW MBI AR SmL E A BIGE W I8 T
K RARFLE 80mL, fii # 5h P~ 1h, A &
TN 4T 180°C W 12h, B H IR 4 g 3% vk
LA T S 5 AR B A SRR B O 0.5 %6 (wt,
Jit A E, R D B A AR BB =T ER R S AR
FESICVE WAL, SR AR D5 ik Hi 45 41 80 00 7 it

R 2% 5% 8 A B/ E A ST IERE &M
LR BHE/E WA2 WAS WA4,
1.4 HmERIE

K HI1Z2 d XS ZRATT S ASORT A i 1) ) A 45 A i
FFRAE TG B 10~80°, H i # %K 2(°) /min, &
£ 0.02°, RAEM B F B U FE & 08 SR 1T
RAE,
1.5 ®BlARS g

5 & A A RE S B 5] Super-P LK 4551 PVDF
Fe R 80:10: 10 R A - NMP R4 HUH % Fr &
JFORHE T AR R P BEFE 24h, R TR AM OB, BT
ARAEH R B A I TR R, R EEE N
75pm, T 100°C 4T 5, HU R ALY ks M JE T
120°C B2 T4 20h B 28 IEW . H 48R 1EN
TR, B8 R Sy SR T s R, H i A S R TR R
(LiPF) , 76 T4 N 41 % il CR2025 #9411 X H 3l
SR P 70 80 R 03R4SR AT 0 B R A 2R 0K, A S
2.2~4.8V, KM Ak TR 5 38 17 3¢ It B He il
L IRIE Sm VL A2 0. 01~1X10"Hz,

2 ZRE5itiR

2.1 XRD &#f

1 ChRESY ALKEESY WAL—WA4 By XRD %
K. i E e LUE A8 A 20=20~25" kb i fi7 T i
Sf it JE 4 B2 H Lit 5 Mn'" (LiMng) 8 8 &A%
AT HES], R A B & Li MnO, 4145, HoAth
iS5 o-NaFeO, AT S W) & , Ui W BT A A d
HJE TS T7 fh R AR R A W A A
B, U I B B S M RE I R ARG R R R AR
fk . e Ah, AT DL Z2 F] (006)/(012) 1 (108)/
(110 fify T 79 %o 0 4 30 B S 149 52, iE B b ) PN 35
T R ERE W, 7S WAL—WAL 1)
XRD & [ o A5 & 30 8505 1 AT 56 0, T LU 4
B A SRR ToE R AR A BUR T A AR E Y
iR TC VR AR TS L R Bk

g _ S £
wa | s Elg 8 &%
e w "
Q WA2 R
= |
WAl ' l -
A 1 |
10 20 30 40 50 60 70
20/(°)

1 RS A Rk WALI—WA4 ) XRD % &



. 224 1 T 8 B 948 &

2.2 SEM ##7

2 RHCRAEFRF R FE A JFE S WAL—
WA4 1y SEM El . B ERLIE 1A 5 A 2 H R R
200nm 7247 (1 — P UKL A R IE 1 R0 A% 2pm 19
UOBURL T A7 S8 0 AL B0 05 L BE i WAT-WA4 [y A1 3R
T FE AR, — VR ABURE 38 , 17 LA 1 S8 Ak A1 B8 0 7B
VTR T AR R A R ET PR AT 2 e K AR R
ARG EE T EE UM A R, B WAL
Hhoa SR D RS WA2 o B
L EEAY WAS I WAL o B L it 2, 3

Bl 2 HCRATRAR B RS A KA WAL-WA4 /Y
SEM K
L REf ACX50000) 5 (b FE T ACX 300000 5
OB WALCX50000) 5 (D FE T WAT(X300000) 3
() BEf WAZ(X50000) ;5 (DA §E WA2(X 300000) ;
(@ FEf WA3(X50000) 5 (h) B WA3(X300000) 3
(DEESE WA4(X50000) 5 (DAES WA4(X 300000 ]

Ay KIS A BRI AR R N s B T IE M R e e
LR IR DR B R BURL 25 48, AR R T R M R
fb2FPERE
2.3 HBUAFEMEMR

FH R 5 i TE A5 R Rk 20 24 =X Ha v, SR T SR ik
FL 0 S ASORT v L R AT L A2 PR BRI . E AR A RHEE
il TR R LA o SRR AR LR 1,

F1 ERMBESERARBLEERECHE

B B R B RER

WAL WA2 WA3 WA4

20

TiH

>

FHL AR/ (mAheg 1) 314.73 3040 278.2 249.0 254.4
FHL LA R/ (mAheg™!)  226.42  236.4  247.8 181.0 197.5

HIRERRER % 7194 77.6  89.1  72.7  T71.6

3 4 5 R IEM AT RHE 0. 05C T AY B IR FE R
£ E (1C=200mAh/g). HEFEH . HH A HIK
FoH S BN 314.72mAh/g. B I A & S
226. 41mAh/g, B IR FERRCE N 71. 94 % ; FEH L H
JER 4.5V B B — AN A g O L X
R 21 Li, O DA i iR 25 48 vh S vl 3 iR 5 &
A THEEAE . NE L RTULE B B ABIGZ 5 FE
it WAL— WAL B E IR EARRBOCR I & TR AL
HWA2 B E IR CE IR H] 89. 1%, LhAE M A 1
ERFEARR R E T 1716 %, i b A i w5
T 21.38mAh/g. MiFEd WA3 Fl WA4 19 S H
FU 25 B AR ELAE e A1/ 33X 1T R B K $A0 3A Jt
A B BOR AR EEEM R L2 Rt
1) S AR AT 55 04 BB B A B8

0 50 100 150 200 250 300 350
A R /(mAh-g™!)

3 IEBCBERIAE i U T 2R

Bl 4 g RTRE 26T IR AR AR S S 35 0 H L 2%
HML K, HELLE S, 0.05C T, FE & A,
WA 1WA 4 B LA 1535008 228. 04mAh/ g,
237.57mAh/g. 240. 47mAh/g.195. 90mAh/g. 214. 20
mAh/ g, 8 A B 5w B = 0 IER A RHFE AR AT %
T HPEREA B B b WA RUR O LY
B AR AR A BN T 12.43mAh/g. TE



55 3 4] AR A B/ W SR IE A S MR A ROl AR PR BT Y .« 225 .

0.1~0.5C &M . WA2 B F i e 2 2 i TR
i AL TR At 1C & R % K 2 JE .
0. 1C /NHLFLIIRK A, & B W A2 KSR A5 4 AR 55 114 i
HL LA o, P 3 0 L 25 B Ol 222, 45mAh/g; 7E AH
W 46T RER WAL WAL (2% i e 25 80 T
FESD AL UL A 8RR 2 )5 & B = T IE R R AT
WOk R, LT A AR Y IE A MR A O PR SR B
25 RS PR A AN AR s 4 L T R A B A R
oA TS, v LUE B B SIS R
AR R R R R

260 ,0.05C

22401 0.1C

%0 99 [=530,,00-1C PYVOR IV

= 200 sesses

E o] i g

g 1601 2uTgeler  0.5C

& 1401 Segee  1C A

R 120} Tl owal

2 100} S tTt00e 4 WA2
v WA3

& sof + WA4

0—0 2 050 60

0 30 4
TEFR VB
Bl 4 ASTERE T IE A BHRE i SF- 35 0 e bE 25 6 i 28 &

2% 2 R 0.5C T IEM A B RO 0 HE 25

REEHER, B’ 5 R 0.5C G 100 &5 1E M 4 K

FE

il TR L L7 o 2 T
£2 0.5C FERMBERMWHELSBERTREEE

Fedh FEAD BEM BERR REG
A WAL WA2 WA3 WA4

RgE|

G 1 YO e AR/ (mAheg™ 1) 168 173 175 143 166
PEFF 100 KB LA/ (mAheg ') 139 146 154 127 143

KRR/ % 82.7 84.39 88 88.8 86.1

80 160 R e o

< 1a0f T "‘"M."j—'. 'f;“ﬂtw—;;"'-"' =
& 120 ST
¥ 100l Twar
x “WA2
g 80f wAs
605 20 40 60 80 100
PEFA B
K5 0.5C FEH 100 YCIE M RERE i Y
TCHR 2 i il 2R

gii 2 ME 5 ATALFE 0.5C FAEH 100 K
5L RER WAL, WA2, WAL B e 25 = 24 s TR
i ALTERR 100 G FERY WAL-WA4 125 2 R 15 %
P TRES AL WA2 AR R AT 88% . It
B A 5 5. 3% AEAEREIL R . ELBCH L 25 i LA
T A B 15mAh/g.,

I

put

2.4 TimBEHTN
TETRHL HL TR 3. 8V,0. 5C F#EAT T LA 38 . &8
i 20 YKL 100 WRAEI G 5 Fh 1E A% A RHEE S 1Y) 58 3 BEL
Pk WL 6. MK 6 Ca) AT LLE H L B A FE & 1 il
2R 459 2 R R IX A 2 TR ORI A0 X A R A .
HIT DX 2 B SIS /N e A T HRL AR / I A A R i A B T
1) R A % i B2 0L 51 RS I BT R . 1 /N T I AR X
MELART HFMEAEY. 63 20 WG, FEa AL
WAL-WA4 (% BH 41 8 48 5 24 125Q. 100Q. 750,
100Q.84Q., M 6(b) ] LLE H LA FF 100 K5 . Ff
i AL WAL—WA4 BB T 43 9 8 120Q. 94Q.
70Q.105Q,100Q, i i X} Eb AT, AL 3 A AR
WAL1—WA4 FFEA /N FRE S A BB, 516 2R
20 R EYBH AR L, 96 36 100 K5 WA3 Fl WA4 1y
BHPLHG AR, 5 LA A2 R AR AL 22 M AT & . B mT
FH A 8800 AL 3 W RE i F A i B BB B/ TR
B, R WAL A BB 0 1T AR IR B 41 = 0 IE R
ARk e e i 5 A% BH 7 L s b R HL AR M RE
Tl @ T
-120 v WA3

~100} 4
-80+ <

-Z"1Q

20 40 60 80 100 120 140 160
710
(b) - A

—140} * WAL
4 WA2

VN

20 40 60 80 100 120 140 160
AT
K6 IEAORHEE S TE R LR 3.8V ,0.5C
G 20 K () JAEH 100 Y (b) AY AT 7 B3 &
G = 2" g 4% F AW 5 9 B A9 52358 5 2 Ay A o v M 52 0 B
E/AID A1)

ZEA PR AR IR A AL S M RE 3 A &5 R T
R AR AR R T IE AR R R
WEAR T RAORE A A Al A B2 L A B R} AT SR AT B T
Wit o DRI A7 S0/ T PR = JC IE AR R S AR LA R
HLTR S 5 4R T B2 . B PR ER R . SRR
AL AL B = T IE B A R B LR AT - A K BAGE AR
e S M 5 =T IE R AT RHE AT B T A
SR ) AT 2R e 28 L — > DA AT 880 O 5 HL TR 45 0
EAMR. TR = OnIE AR T U R



. 226 -

& T BB OB

#
gl

MR & i1 T R PR AR 22 L D e A SR04 1Y
B RE W 412 i 5 A BRI A, B A i
FL A AT B R T () A 3% T B A SR 0 A AT AR
FRT AR A 1R 1, B T BRI R BR P RE

3 i

SR FH U U 2 1 45 A = 00 IR ARk R SR R
FHAK G vk HEAT A1 B2 0 G0 3 Tl 2% 1 A 28045/
B ICIER R AR, 38 S K RN A R A B
W 2 B AR 2 A R 0 I 4% 3 A A b R 1] R O
W 22 8], 5 4 AT SR AU B A B 0 o L L U TR
LSS SR = I S N1 B o R v 8 4
AR B /N, 8 B A SR S B A = T IE R
MG SR . B A BRI RE S WA2 A
R = ERR, K ECE R 89. 1%, Ik
JE LG AR PEAR S8R R T 17, 16 %05 LA 0. 5C f 3R
100 W& » WA 2 (0L L 45 5 AT R R 7E 154mAh/ g,
HARFER N 88% . 7638 W FHHTIL h, WA2
M BRI R 75Q, 2/ F 5 45 A R B BT 1250,
ARG ERES TS = UIE WA R A SR,
HH R B S B ELE ORI
{8 By 2 Vo i), B R MR B2 B w8 e A = 0 IE AR R
1 R Ak 2 P BB VR A B T b b Rl AT R S B R
b Ak B

&% ik

[ 1] Lazzari M, Scrosati B. A cyclable lithium organic electrolyte
cell based on two intercalation electrodes[ J].Journal of the
Electrochemical Society,1980,127.773-774.

[2] LiY,Bai Y,Wu C,et al. Three-dimensional fusiform hierar-
chical micro/nano Lij 2 Nig2Mngs O, with a preferred orienta-
tion (110) plane as a high energy cathode material for lithi-
um-ion batteries[ ] ].Journal of Materials Chemistry A,2016,
4(16):5942-5951.

[3] LuZ,Chen Z, Dahn J R. Lack of cation clustering in Li
[Ni, Lits—2./5 Mne—2,3 1 O (0 << x < 1/2) and Li
[Cr.Lici—y/sMnei—2.)3 102, (0<<x <<1) []]. Chemistry of
Materials,2003,15:3214-3220.

4] PAWE S, 4002, 5. & Lo R4 w7 i s i it 5 1k se
FELI] AL IR AR ,2018,329(2) :36-39.

[ 5] He H.Zan L,Zhang Y.Effects of amorphous V;Oj; coating on
the electrochemical properties of Li[ Lig.» Mng.s4 Nig.13 Coo.13 ]
03 as cathode material for Li-ion batteries[ J ].Journal of Al-
loys and Compounds,2016,680:95-104.

[6] ®H.JKE, EXCF mLambiessh s T him R
SRR RIRR T AERERL ¥ 5K, 2018,7(3) : 25-34.

7] Eigim e o 20 i w0 EOR E AR R 45 5 8 2

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

PERFSELD] Kt s KHR % ,2014.

PR MK T S b, AR R e A T o T R B R
Wbt BT A2 3 R, 2017,29(2) 1 198-200.

RE L 3R TLHT A 0B, 45 w8 Lb B o B B f b O BB R A F
FUHERELT] AR RERE S 5 H0R , 2018, 7(4) : 67-77.

Qiu X Y, Zhuang Q C,Zhang Q Q. et al.Electrochemical and
electronic properties of LiCoO; cathode investigated by gal-
vanostatic cycling and EIS[J]. Physical Chemistry Chemical
Physics Pcep,2012,14(8) :2617-2630.

XURASE ORI W %, 55 S fl Tl o 2 o A R A A R B 5T
PERELT] AR RERL 24 5 HR . 2016,5(4) :417-421.

Teki R,Datta M K, Krishnan R, et al. Nanostructured silicon
anodes for lithium ion rechargeable batteries[ ] ].Small, 2009,
5:2236-2242.

Xu Y H,Yin G P,Ma Y L,et al.Nanosized core/shell silicon
@ carbon anode material for lithium ion batteries with polyvi-
nylidene fluoride as carbon source[ J]. Journal of Materials
Chemistry,2010,20:3216-3220.

Marcinek M L, Wilcox ] W,Doeff M M, et al. Microwave plas-
ma chemical vapor deposition of carbon coatings on LiNij 3
Coi/3Mny /3 0; for Li-ion battery composite cathodes[ ] ].Jour-
nal of the Electrochemical Society,2009,156:48-51.

Ryu W H,Lim S,Kim W K, et al.3-D dumbbell-like LiNi; 3
Mn;3Co1/3 Oz cathode materials assembled with nano-build-
ing blocks for lithium-ion batteries [ ]J]. Journal of Power
Sources,2014,257:186-191.

Chen Y, Zhang Y, Chen B, et al. An approach to application
for LiNig.sCoo.2 Mno 2 Qs cathode material at high cutoff volt-
age by TiO; coating[]J].Journal of Power Sources,2014,256:
20-27.

Lu Z H,Macneil D D,Darn ] R.Cheminform abstract:layered
Li[ Ni, Co;— 2. Mn, ]O; cathode materials for lithium-ion bat-
teries [ J |. Electrochemical and Solid State Letters, 2001, 4
(11):191-194.

Jiang X, Wang Z, Rooney D, et al. A design strategy of large
grain lithium-rich layered oxides for lithium-ion batteries
cathode[J].Electrochimica Acta,2015,160:131-138.
Thackeray M M, Kang S H, Johnson Thackeray C S, et al.
Comments on the structural complexity of lithium-rich Li; ¢,
M-, O; electrodes (M= Mn, Ni, Co) for lithium batteries
[J]. Electrochemistry Communications, 2006, 8 (9): 1531-
1538.

Koyama Y, Tanaka I,Nagao M,et al.First-principles study on
lithium removal from Lis MnO3[ ] ].Journal of Power Sources,
2009,189(1):798-801.

Armstrong A R, Holzapfel M, Novail P, et al.Demonstrating
oxygen loss and associated structural reorganization in the
lithium battery cathode Li[ Nig.» Lio.2 Mnos JO>[J].Journal of
American Chemical Society,2006,128(26) :8694-8698.

Gu M, Belharouail I,Zheng ] M, et al.Formation of the spinel
phase in the layered composite cathode used in Li-ion batter-

ies[J].ACS Nano,2013,7(1):760-767.
(F#% 231 7





