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Fig. 4 The first charge and discharge curve of

LiNiy 5 ¢5.Mn, 5 45ALO, at 0.1 C at room temperature
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Table 1 First charge and discharge capacity of

LiNiy s 45.Mn, 5 5. ALO, at 0.1 C at room temperature

Fdh

ER/SIERSS: WANER/N Gk e O W i)

(mA-hg™) (mAh-g)  BE /%
LiNi,sMn, ;0, 150.86 137.47 91.12
LiNi 457sMn, 4g75A15 00504 146.79 133.68 91.06
LiNi.4sMn, 475AL5 504 146.02 131.88 90.32
LiNi 460sMn, 4625A15 7504 146.20 129.50 88.58
LiNi.4sMn, ;5Al, 0, 123.89 114.43 92.36

133.07, 131.07, 128.18, 124.54, 101.45 mA-h/g, #J >4
HLR A E) 2 C J5, LiNig 47sMn, 45Al 0504 HFEEI
HL A HE T LiNigsMn, s0,, I HLRfiF HL % B (138
i, X — BN 2 AN R R S I R,
HELI & M 10.0 C [9181 0.1 C B} LiNiy 47sMn, 475Al) 05O,
(RS- 25 T 2R B AT AR K 5] 128.09 mA-h/g, FIAKT R
A RAF e al i

TEIPERE 2 IERA RN I EERR . T
IEAR A B LiNigsMn, 0, HAT ik 4.7 V I TAEH %,
FEAAE I 2o i e el 7 2 P R 2 T TR e ke ik

AR A R DI 10 FIE B2 B 8 7 L Tt A AR B
FHERER 2R AR, SORBETE I TR T i R
3.0~5.0V, HIHERN 0.1,0.5,1.0,2.0,5.0,10.0 C i}
LiNips o 5,Mny 505, ALO, MBHMERIERE, TSGR0

JEE P [ A HL i o S TRE A (solid electrolyte interface,

SEL) , BHAT /e FrEsT il B A4, I
S RPE . AT AL B2 MR A PR
REMSZMN, XTI T B R 3.0~5.0 V, HLRZ R
0.5 C BF ¥R 100 K LiNiys_ 05, Mn, 545, ALO, B4R} 1

— R R T —.
K5 R IEREIEA TN, 2RI 6 FiR.
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§ 701 A L¥N¥0 a7s VY sl 053 8 45 A L¥N¥o.47s LarstMoos e
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Fig.5 Discharge cycle diagram of
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A, LiNigarsMn, 455Aly0sO, B KE 1 A5 2R M 68 i 4.
AR, LiNiysMn, 0, #3735 il 25585 5k
130.61, 136.77, 136.88, 127.06, 109.56, 77.56 mA-h/g,
LiNi 47sMn, 475Al 050, B9-F-21 T8 HL 25 5 4301 4 123.84,

cycle number/times
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Fig. 6 Discharge cycle diagram of
LiNiys_¢s.Mn, 5 ¢5.ALO4 at 0.5 C

A& 6 AT, Al $BA%AE B E TR R
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TE LY Al—O H5ERE A 512 kI/mol, 5 T Ni—O §#( 382
kJ/mol ) A1 Mn—O ## (402 kJ/mol ) 1, #Bh T4
MEH R e

2 NHIEF 0.5 C B LiNiy 5o 5,Mn, 55, ALO, #F
BHAOTEA LA 5. FERATH, 83 100 ¥k 0.5 C 1
R J5 LiNisMn, O, B L 755 A 139.10 mA-h/g T35
9 107.96 mA-hg, FEREFEN 69.95%; Al B2
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B R 25 Ak 122.81, 111.77 mA'Wg, %4
ZE, LiNig 47sMn; 475Al5 0504 HA UG TERE

%+ 2 LiNijssMn, ., ALO, EEBT 05C
EE 100 RHBBEE
Table 2 Specific discharge capacity of
LiNiy 5 ¢5.Mn, 5 45ALO,4 at 0.5 C 100 cycles
at room temperature

B R/ 100 PGSR 456

e (=}
B (mAhg™")  ZEE/(mAhg™) R %
LiNi,sMn, s0, 139.10 107.96 69.95
LiNig s7sMn, 47sAL 0O, 135.91 123.62 90.96
LiNig 47sMn, 475Al, 0:0, 134.88 130.50 96.75
LiNip sosMn, 40sAly o750, 122,81 118.10 96.16
LiNi, ;Mn, Al 0, 111.77 105.66 96.00
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Fig. 7 Discharge cycle diagram of LiNi,sMn, O, and
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H1 P& 7 AT 1, LiNiggsMny 475AL,0sO, 1Y 555 3 76 26
PEBEREAF, 28 100 RAG IR 5, il i 75 45t il 126.54
mAh/g FIEF] 117.98 mAhg, ZERIRHFFA 93.24%;
Ml LiNiy sMn, O, FY i HL 25 15 A 135.27 mA-W/g T B 5]
86.55 mA-h/g, ZHPAFFRIUHN 63.98%.
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PRS- G788, FERTESS 100 WAEEFRI A —NiK
HSF-5 XU AR RHE SE i i it R v, L
TR AR 0 G 5 hg P, M 2 e B T SR A
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Y B AR R IR EE RN, XA 4 T A0 B 15
AR, HCE T MR RGP RE o

5.2

voltage/V
S~
(=)

3.6
32k —v— 100th i
2.8

0 20 40 60 80 100 120 140 160
capacity/(mA « h « g)

a) LiNigsMn, O,

voltage/V

3.6 —— Ist;
—*— 50th;
321 —v— 100th
28 . . . . . .
0 20 40 60 80 100 120 140

capacity/(mA « h « g7)
b)) LiNi4sMn, 475A10050,
8 LiNi,sMn, ;0, # LiNi,,,sMn, ,;sAl, (O, TE
0.5 C, 55 “CTHEERE 1, 50, 100 3 i 72 7 AL i 4%
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at 0.5 C, 55 C the 1st, 50th, 100th charge and discharge
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Fig. 9 Cyeclic voltammetry curves of LiNi, sMn, ;O, and
LiNi 47sMn; 475A1y 4504
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R B& PRI B XUZ %S . LiNigsMn, 0, [ R, 4 68.75
Q, T LiNiy,;sMn, 47sAlL 0O, B R, AL 29.68 Q, X
R A0 BRI 24 i ARAS, P el s 1%

SR, FIAEAZAETE (electrochemical impedance
spectroscopy, EIS) FRIRATI s AT T A B 115 5o
(Dy) o AIF P
Z.=R.+R+ow™", (1)
D, =(R’TH/QAn'F*'C} o). (2)
A R WAIREEL
T IR HIR B 5
A N TAIR
n RS SRR PR B LR
F R w5
Cpy WERE UL
o NEHLWA Z 0™ HRRE, W 10b iR,
LiNiysMn, sO, 1 LiNi;4;sMn, 4;5A1, 0504 [ Z -0
Rk 182.89 F1 124.01, AL (2) AT4% D,
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3 %ig

ARG 3 Ao T UE 5 1 45 it 7 R v U R 7
# LiNigs05Mn,; 55, ALO, # ¥}, XRD Fl SEM 45 S 3%
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o LiNip 47sMn, 475Al, 05O, 7E 10 C Bl H 25 F AT 4%
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130.50 mA‘h/g, %F i PR F % 5 96.75%, HI ffi
FE 55 °C i 0.5 C F A 100 K/ 25 18 A 37 R A5 3k
£ 93.24%. HH H K 4 W AN 52 G B AT I ik 4 SR
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Preparation and Property Study of High Voltage LiNi,;_,5,Mn, s_, 5. Al O,
Cathode Material

XIE Taoxiong, YU Linyu, LI Wei, DENG Haojie, REN Pengwen, JIANG Jianbing

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

Abstract: The precursor Ni,,sMn,,s(OH), was prepared by co-precipitation controlled crystallization method,
and then Al'"-doped LiNi,s_,5s.Mn, 55, AlLO, material was prepared by high temperature solid phase method. XRD and
SEM results show that A" is uniformly doped into the crystal lattice of the material to replace part of Ni and Mn, which
improves the crystallinity and structural stability of the material. Electrochemical test results show that doping with
AT’ can effectively improve the rate performance and cycle performance of the material. The capacity retention rate of
LiNij 4,sMn, 4,5Al, 05O, is 96.75% after 100 cycles at 0.5 C at room temperature, and 93.24% after 100 cycles at 55 °C at
0.5 C, the discharge specific capacity is 101.45 mA-h/g at 10 C at room temperature. Compared with LiNi, sMn, ;O,, the
material doped with AI’" has better reversibility and higher lithium ion conductivity.

Keywords: lithium ion battery; co-precipitation; high temperature solid phase method; AI’* doping
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