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Fig.1 SEM images of Mn, 5,Ni,,,(OH),
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2 Lij 43 ALMny 56Ni 5,0,
(x=0, 0.0025, 0.005, 0.0075, 0.01 ) K SEM
Fig.2 SEM curves of Li, 1y, 3,ALLMn 5,Ni,,,0,
(x=0, 0.0025, 0.005, 0.0075, 0.01 )

3.2 XRD &##F

] 3 /& Li; 1043 ALMN, 5eNig ,,0,( x=0, 0.0025, 0.005,
0.0075, 0.01) # K49 XRD &3, W& ATH, i
LA FESRHAZ2IRE M, J8 T 75 i & W a-NaFeO,
450, J8 R-3m S RE Y, [, 3 s oA gy
U, 2B ALFCERESAY Li E A SRR I E A

-30 -



altE, F

14

Foo BB ST MR R AE AT PR EE HE Loy L0
IR U TR, JUER B s T
R BRI 1,

Liy 104Mng 56Nig 240, EIREEMA AL ” BERMR

(003)

by
= =2 I =~ =
. = | 5 x @
L%M“Oz = l% SRR

LA-1

|
, 1 L LA-2
J

intensity/(a.u.)

|
|
|

0 20 30 40 S0 60 70 80
20/ )

B3 Li o5 ALMR, 5N 0,
(x=0, 0.002 5, 0.005, 0.0075, 0.01 ) KJ XRD
Fig.3 XRD curves of Li, ;943 A1,Mn, 5Ni),,0,
(x=0, 0.0025, 0.005, 0.0075, 0.01 )

F 1A T Li, s 5,A1L My 54Niy,,0, (x=0, 0.0025,
0.005, 0.0075, 0.01 ) AHF) 5 i 2 BORUEAE AT S g 5
JE FE Loos/L0a)-

F 1 Lij3,A1LMn,5Nij,,0, (x=0, 0.0025, 0.005, 0.0075,
0.01) RIESHMIHEREEBELL
Lattice and characteristic peak intensity ratios
of Liy 104 3,ALMnN, 5Ni 2,0,
(x=0, 0.0025, 0.005, 0.0075, 0.01 )

Table 1

K a/nm ¢/nm cla Loz n0sy
LA-0 0.284 32 1.413 36 4971 019 1.4511
LA-1 0.284 32 1.413 25 4.970 632 1.4822
LA-2 0.284 81 1.410 61 4,952 811 1.4724
LA-3 0.284 29 1.409 32 4958 172 1.4782
LA-4 0.284 22 1.408 62 4.953 236 1.4613

HIZ 1 AT, BfAE AU 825 R3EIN, o SR
AN, R AL BRI T MR SRR, R
A LA FEG T cla (HIR TS T7 I FRAEE 4.899;
B AL B RN, LA FES Y oo /L os TEEFL
SetaIIE T N A, AR LA-1 /Y Loy 10 (IEEC N
KF] 14822, KA AU B2 FIF s LA MR IR
BIIRHEBLG:, DTG5 A A L AL 22 G R B
3.3 EDS ##7

K4 MFESh LA-1 89 EDS [, it Eal 51, B2
JGHR ALTE LA-1 MBI ERI ) 5041, 5G 5 LA-1
B9 EDS . XRD F 5% 1 0] Hl, Zamiibess, B
ZOCE Al UG Li SRS fEfkg .

c) Al
E4 LA-1HEDSE
Fig. 4 EDS curves of LA-1

3.4 HBLFEHESH

&1 5 M Li, 14 ALMn, 5cNiy 2,05 x=0, 0.0025, 0.005,
0.0075, 0.01 ) #BHE 0.1 C (25 mA/g) MIHLREE T
ORERY G Wiy G

M S AT RLE . i LA ARG HAT AR F
g th 2, AW BTG FEM
LA-0, LA-1, LA-2, LA-3, LA-4 BB IR FL 75
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Fig. 5 [Initial charge-discharge curves of
Li, 104 3, A1LMn 5Niy 5,0, (x=0, 0.0025,

0.005, 0.0075, 0.01) A

I 6 1 Li, 1043, AL M0, 5Niy 404 x=0, 0.0025, 0.005,
0.0075, 0.01 ) BHEHHGERIGIAZL .
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Fig. 6 Rate performance of
Lij 104-3,ALMn, 5N, ,,0,
(x=0, 0.0025, 0.005, 0.0075, 0.01 )
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7 Lij100-3:A1,Mny 5Niy 2,0, (x=0, 0.0025,
0.005, 0.0075, 0.01 ) HIFEFR LK
Fig. 7 Cycling curves of
Li; 045, ALMn, 5¢Ni ,,0, (x=0, 0.0025,
0.005, 0.0075, 0.01)

7 AT LA, LA-0, LA-1, LA-2, LA-3,
LA-4 A 5 B UROBCHL B 25 & 49 9l 4 271.99, 271.56,
260.84, 242.55, 233.31 mA-h/g, 100 WAGH &,
Fo 2840 B 182.99, 234.42, 204.52, 186.47, 178.47
mA-h/g, XTI H L2 B R R 53 IR 67.27% .
86.32%. 78.41%. 76.88%. 76.49%. H It v LI 5
H, AU BT LA SOUGE MR RE, FRRIE
LA-1 #FEfhZe0d 100 IRIGIR G, i L2 s AR RRR K
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W
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b) LA-1
B8 #MLA-0L5 LA-1 EHRRE
Fig. 8 Cyclic voltammetry curves of
sample LA-0 and LA-1

H1 LA-0 #EAL I CV IR 1, KT AT
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AR B 5 A AT B i, AR R G5 R R
FRAIREEAR  PRAAAY , SRR T fmaE 2B,
NP A B PR REDR, e 3 B b bl L T /5 HEL
TR E R P xF R, LA-1 FE SR AR 2~4
UAEIR CV #hZrp T AR RIS A 7 —iE,
X FARRLEAT U B A PEAERE, M E— 2 500E T

A" B2l IGE LA MR IEEREBE

& 9 SN EE A LA-0 F1 LA-1 4T 100 IG5 19
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500

0 500 1000 1500 2000
7'1Q
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Fig. 9 AC impedance spectra of sample LA-0 and LA-1
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AR AL B
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AW SR e i A A i A TS AP B 2%
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B, 02 CHLURBIE T, Li, gssAl002sMng s6Nig 40,
FRO BT YR H L 28l 271.56 mA-h/g, TETEER 100 K
&, TRH AR N 234.42 mA-h/g, BEEARERE L
86.32 %.
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Study on Al Doping of Li, ,,;Mn, s.Ni, ,,O, Li-Rich Manganese-Based Materials

SHI Renji, YU Linyu, DENG Haojie, XIE Taoxiong, REN Pengwen, JIANG Jianbing

( College of Packaging and Materials Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: Aiming at the problems of low capacity retention rate and poor rate performance of Li-rich manganese-
based materials, Al,O; was used as the Al source, and A1*" doped Li, 043, Al,Mn, 5sNiy,,0, (0 < x < 0.01) positive
electrode material was prepared by high temperature solid phase method. XRD showed that doped AI’ successfully
replaced part of Li" into the lattice of Li-rich manganese-based cathode materials. Electrochemical performance tests
showed that Al doping inhibited the voltage decay of Li, ;,,Mn, xNi,,,0, material during cycling, while improving
its cycle performance and rate performance. After 100 cycles of Li, jo65Al)0025Mng s6N1y 40, material at 0.2 C current
density, the discharge specific capacity was 234.42 mA-h/g, and its capacity retention rate was as high as 86.32 %, while
the material capacity retention rate of undoped Li, ;,sMn, s,Ni,,,0, was only 67.27 %.

Keywords: Al doping; electrochemical performance; solid phase method; Lithium-rich manganese-based

cathode material
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