349 4% %59 1
2020 4F 9 H

mAEERMBIS IR

RARE METAL MATERIALS AND ENGINEERING

Vol.49, No.9
September 2020

A1203 @% LiNi0,03C00.05Mn1.9204 E*&*ﬁ *SI' EI‘J %‘J %&

HELFERE

I, X, IMA, @R, AR, ALam, WRF, A
(ZHRBRS YRR R R DRI 2RI OISR, &0 Y 650500)

B E: DL AINO;);9H0 B kL, i #hbevk il 4613 1) LiNio 03C00.0sMny1020s@ALOs IEMAL K} TiL X S AT 4 (XRD),
W RS LT AT (FESEM) A S FULBT(TEM) 55 R AE T BOW AR S5 M R SUHEAT /0 AT, Rl e il s 78 0t . 3R R
“Z(CV) AT PHBUEIS) MRS HTAF R B R . G5HE I, ALO; € B I LiNio03C00.0sMny 0204 R4 A1 2L £ 4y
8 2R 2T 10.6 nm. LiNip03C00.0sMn1.0:0s@AL Oz IEMA L AL 2 MEREAR 2 T W W 2535, 1 01 10 C A5 F T IS U HL A i
G399 119.9 1 106.3 mAh-g”', FEHGLIHER 500 VG A EARFF R0 50 88.4%H1 78.2%, 1M1 AALFE (1) LiNig 03C000sMny 9204 7E 1
10 C fER PR AR 1212 1 1040 mAhg', 500 RAGH G R ERFFRN NN 84.1%F 67.6%.

LiNig.03C00.0sMn 1 0204@A L0 Hi L AEHy 32.92 kJ-mol™', T ARALEMBIATHEALAE N 36.24 kI-mol!, LA L T AR Liy i

P s R RES, P T MR AL A e
KHEIA: LiMnoOs; IEMA Bl ALOs; ®E; HE T Hih
FEGESES: TMIII XEFRIRES: A

XEHS: 1002-185X(2020)09-3129-07

IebnA 8 LiMny Oy R, 2 PEs, i+
SR A, BT R R AR S T it IEAR AR
{H2, T Jahn-Teller 2. Mn™ )il <5 gt A0,
FELiMn,O4 7RG I FE o 25 B R e, JUHAE il
At PR, LS T AR A B LiMn,Oy 1EARH)
BHE R o

N T U LiMnyOy 255t 8 Jd el DRy i) j, WS 2
TR ARAR S 24, im0k 345 A
A B T 2SI A T OO, BETHRA R A% 5 B B A
P, o rb 2 i 7 oot S A ) Min AR i) =
T2 —o ALOy HAMAMK ., 28 MU S0 A
JEAAN A B LiMn,Oy 1E PR )5 F 2 1 A0 78 44 K
ALO; JZ 0] LA s/ Wi bl 55 Ho A it 7 i ) 42 s e A2
B IE A RS F AR P G HF SN, F04R) Min® i
P> T ARRENR, MR EE I A A1 2 LiMnoO, (AR AT K
(22 ERED) . Zhang SNSRI -t I, 550 C
IRRBEI N 4 h AE LiMnyOy K A8 — 2R A ALOs,
1 C, 60 CE&MF LiMnO,@ALOs JH b 2 B A
107.2 mAh-g', 7/ 300 IKAERMREERN 66.7%.
Pasqualini 25" SR L YTIEVEAE 450 C FBkE2 h 3 89k
A ALO; B I LiMn, Oy IEFAA KL, 1 C FHER 100 7
EARFER N 95%. Lai 25 -AIOOH JyJ5Uk}, 500 C

Fs HEA: 2019-09-14
E&ME: ExXARRERS (U1602273, 51972282)

EERIY: Tl 2 1996 4, LA, AR SRS,

NEREE 4 h BRI p-ALO; BE R, WE G
LiMn,O, £ 1 C I}, FIUfH L7 5 125 mAh-g™, 800
DARI G R L 2R 51K 89.8% . H Ik SCHR P
TG ALO; B IEMM RS R T2 E AR, KZHMAn
fif S N I T

A S 15 R AR BR L % Niv Co LB
LiNi 03C00.0sMn ;04 IEAZAF R, 88 )5 LL AI(NO;)3-9H,0
h ALO; (07 JrURk . HIAHE I BLEL, 75 500 Cn#tukeR
YRR 3 h PR A3 B RS ES ALO, (L 1)
LiNi 03C00,0sMn; 9,04 EW*ZH‘Jr , Xﬂtﬁﬁﬁ?”%*i i EIEMZF%
KL TEF. rAGEVERE ST VRGN, IS )

FiR.
LIS 7

PA Li,CO3+ Mn,CO;3. Ni(CH3COO0),-4H,0 F1 CoCOs5
Rk, AR SCRR[13]77 V248 LiNig.03C00.0sMny 95040

2 U LiNig03C000sMn; 9004 5 ALOs BT & L
100:1.5, AERIFRIL 0.2208 g AIINO3)3-9H,0 Tt 1,
NIER MK, HUBHEHE 2 8 v, A 0.2 g fi%
BEVEBREL, 4564t 5 min J5, K 2 g LiNig3CopesMny 0,04 I
PR P 2 RO SRR . K BHE 80 CHUAR
T4, PR 500 C IRl Nk, BB N 3 h 1

= B 650500, E-mail: 237476714@qq.com



* 3130 -

Wt &R TR

849 3

B2l LiNig,03C00.0sMn; 92 04@AL O35

% Bruker D8 ADVANCE A25X M X B4 AT X
FRE IR A S5 A 2 b, AR Cu Ko (1=0.154 nm),
TAFHE S 40 kV, B 40 mA, 13 4° min”, 3G
[l 10°~80°. KM NOVA NANOSEM-450 %417 % 54t
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Fig.1

LiNi0.03C00.0sMn;.0204@A 1,03 55 LiNig.03C00.0sMn;.0204 ] XRD KElifF & Al 05 ] XRD [ ik
XRD patterns of LiNio,o3C00(05Ml’l1})204@A]203 and LiNi0,03C00‘05Mn1‘9204 (a), XRD pattern 0fA]203 (b)
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lg] 2 LiNi0,03C00,05Mn1,9204, LiNi0,03C00,05Mn1,9204@A1203 E"] SEM F\\E\#f& LiNi0,03C00,05Mn1,9204 @;%E HRTEM ﬁﬁﬁf
F1g2 SEM images of LiNi0,03C00,05M1’11,9204 (a), LiNi0,03C00,05M1’11,9204@A1203 (b), HRTEM image of LiNi0,03C00,05Mn1,9204@A1203 (C)
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Fig.3 Initial charge-discharge curves at 1 C (a) , cycle performances diagrams at 1 C (b) , 5 C (c), 10 C (d) , and rate capability (e) of the
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Fig.4 Cyclic curves of  LiNig.03C00.05-

Mn 9,04@A1,03 and LiNig,03C09.0sMn;.9204 before (a)

and after 500 cycles (b)at 1 C,25 C

voltammetry

b, I ZEHRTIA), n RonW TR, A4 ik
A (ecm®), Dyt LiP RS (em®s™), Co M Li
PRI (mol-em™), v I R (V-s). i A (1)
AT B AR Y, L iR B T3 1 o AR W)
LLE LiNig.03C00.0sMn; 9,04 LI AT XN DU+
H 2.69x10™"" em®s™!, 1Ml LiNig 03C00.0sMn; 0,04 @ALO5
(K) Dy 4 1.39x107"" em®s™, L5 J5 IEAT R Dy FEAS,
R K ARG E ALO; 08 2 AR T e A R |
o, AE e AR B EREAG T LT AN F B v 1 A v £
L, a8 RS SR 7]45 ] 2.

N T 3R ALOs WAL SR IEAAL RS AL RE
52, I PR LiNig 03Cog.0sMny 0204 A2 LiNig g3-
Cop.0sMn, 9,04,@ALO; PRHEARIIRE R R EIS, T
FWIGILRE B WK 6. ZiREW], fE=I MU ALO;
) LiNig 03C000sMn; 0004 #4K},  HHLf 46 FE HIFH Ro AL
BB, RN AREER ALOs Z84 N T 41 & 1 7E bl
FRLAE T T O PR AT RS L BE T, B TR Ry
BIREAS, RO T R, B R R 2RS4,
PRGN A AZHAI i AWML RE E, KR ATE

i, = = @
nFR_
i, = Aexp— If;" (3)

o, i AT HLIRL(A), R A2 SRR $(8.314 J-mol K™,
T HAFERFEK), n MR FEBE, FAARKRIER ST
(96484.5 C-mol™), A K5 BT H L. HH Arrhenius
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Table 1 Diffusion coefficient of lithium ion in LiNig¢3Coqs-

Mn1,9204 and LiNio.o:;COo.osMn1.9204@A1203

Electrode Anodic peaks Dii /<10 em?-s™!
e Al 2.69
LiNig.03C00.0sMn;.9204 A2 3.40
s A3 1.39
L1N10_03C00_05Mn1_9204@A1203 A4 1.56
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Fig.5 Cyclic voltammetry curves of LiNig03C00.0sMn;.9204 (a) and LiNig03C00.0sMn;.9.04@A1,O5 (b) at different scan rates; the plots of

Kl s

peak current vs. square root of the scan rate (c)
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Fig.6 Nyquist plots of LiNip03C00.0sMnj 904 (a) and LiNig03C00.0sMn;.0,04@A1,05 (b) at different temperatures (the insets are the
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Fig.7 XRD patterns of LiNi.03C00.05sMn; 9204 (a) and LiNig 03C00.0sMn;.9204@A1,0;3 (b) electrodes before and after 500 cycles
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F1(400) & [ M FEAAAS . GIFEIH ALOs (78 J2H 2] T
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Table 2 Ratio of diffraction peak intensity of crystal plane

before and after cycles, R

Electrode R(11)  RBI1)  R(400)
LiNi0,03C00_05Mn1_9204 052 053 048
LiNig.03C00.0sMn;.0204@A1,03 0.73 1.10 1.17
+ A
3 2|:| e

1) R FH 7 7 B ol Bh Rk be vk il 4% T AR ALO;
£ 1 LiNig,03C00.0sMny 9004 IEAAF KL, LiNig 03C00,05-
Mn; 0, 04@ALO; AR EHA Y LiMn, 04 54, ALO;
B Z)REEZ 2 10.6 nm.

2) WA ALO; Ja e T B s iR g A e 1, 24
ET MBI AL PERE . £ 1 C B, LiNige3Cog0s-
Mn, ,04@ALO; HIIHI B L2 8 4 119.9 mAh-g”, FHFR
500 KGR EIRFFR 88.4%; 5 C A 500 K5, &
RFEEEN 87.8%, R LA EIE 96.4 mAh-g'; 10 C
THIEABOB 255 104.8 mAh-g”, fEFR 500 YRG5 4T
81.9 mAh-g'. M AT A LiNig3C000s Mny 0,04, 3
B ALO; & M IEIA B A T4 (15 55 M R

3) A7 ALOs IR KL, JLAE ER AR 22 00 5 AN Y 55
FREERR S, We B ARFE RAF, XTRRIE RLF, ffEA ]k
B, HILRMIGILAE 32.92 kI-mol!, /MR
R 36.24 KJ-mol ™, 3L Li' ¥ HAE 22 P, 1L
i B B WAL BH K T R A KL, 1 Li 9 B R E0N TR 6
BRI .
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Synthesis and Electrochemical Performance of Al,O; Coated LiNij ¢3C09sMn; 9,04 as
Cathode Material

Wang Shimin, Liu Honglei, Guo Junming, Xiang Mingwu, Su Changwei, Bai Hongli, Liu Xiaofang, Bai Wei
(National and Local Joint Engineering Research Center for Green Preparation Technology of Biobased Materials, Key Laboratory of

Green-chemical Materials in University of Yunnan Province, Yunnan Minzu University, Kunming 650500, China)

Abstract: Al,Os3-coated LiNig03C0005sMn; 9,04 cathode materials were prepared by combustion method with aluminum nitrate nonahydrate as raw
material. The structure and morphology of the materials were analyzed by X-ray diffraction (XRD), field emission scanning electron microscope
(FESEM) and transmission electron microscope (TEM), and the electrochemical performance was characterized by galvanostatic charge-discharge
test, cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS). Results show that Al,O; coating does not change the spinel
structure of LiNig03C00.0sMn; 9,04, and the coating thickness is about 10.6 nm. The LiNig3C0¢0sMn; 9,04@A1,0; material exhibits excellent
electrochemical performance. The initial discharge capacity of the ALO; coated materials are 119.9 mAh g at 1C rate and 106.3 mAh-g™ at 10 C,
and their capacity retention rates are 88.4% and 78.2% after charge/discharge cycles for 500 times, respectively. While the initial discharge
capacity of uncoated LiNig¢3C0p0sMn; 9,04 are 121.2 mAh-g"l at 1 C and 104.0 mAh~g'] at 10 C, and their retention rates are 84.1% and 67.6%
after 500 cycles, respectively. Besides, the LiNig ¢3C00.0sMn; 9:04@AL,O5 has a lower activation energy of 32.92 kJ ~mol'l, while 36.24 kJ-mol™ for
the uncoated. The energy barrier of lithium ion diffusion is effectively reduced and the electrochemical performance of the cathode material is
improved by coating.
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