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Effect of precursor pretreatment on the electrochemistry
of lithium-rich manganese oxides

WEN Meng"", XIA Dingfeng™", ZHONG Shengwen™"

(a. Faculty of Materials Metallurgy and Chemistry ; b. Jiangxi Key Laboratory of Power Battery and Materials ,
Jiangxi University of Science and Technology, Ganzhou 341000, Jiangxi, China)

Abstract: In this experiment, the cobalt-free lithium-rich manganese precursor Ni,;Mn,,(OH), was successfully
synthesized by small-scale co-precipitation and solid-phase reaction, and the precursor was mechanically crushed
with or without the precursor to obtain two different particle sizes of Ni,;Mn,,(OH), (Ds,=1.626 pm and 0.710 pm)
precursors. The precursors with different particle sizes were mixed with LiOH in a molar ratio of 1:1.55 and sintered
at high temperature to synthesize two Li Mn-rich cathode materials with different particle sizes, Li, ,Ni,,,Mn,;,0,
(Dsy=1.667 pm and 1.148 pm). The experimental results show that the particle size also affects its physicochemical
properties and electrochemical performance. Li,,Ni,,,Mn;0, (Ds,=1.148 pum) cathode material with smaller
particle size shows excellent electrochemical performance (capacity of 190.7 mAh/g after 100 cycles at 0.5 C and
cycle retention rate of 91.2%). Our study reveals an easy way to change the particle size and demonstrates the
importance of particle size for electrochemistry.
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Fig.2 Laser particle size mapping of precursors of different particle sizes and their corresponding size
of cathode material samples: (a) Ni,,Mn,,(OH), (D,=1.626 pm) ; (b)Li,,Ni,,,Mn, 0, (D,=1.148 pm)

2.2 BRI S AT

I H AR XRDIEEAIE T Ni, ;Mn, ,(OH), Bi3RIA 1)
A ARZER AN 3 TR . TR 3 L O RIS S5 R/
AR M AR EE R . G5 RERW], BIMETE & id  hid
AT NP AR S FA I, VRl sl TR B A
TEH M S5 A Mn® s 371 26=19°09 14, T2k
PEFIE ) FeEAE A R LA = 22 . RT3
Al LARA A H N, ,Mn, ,(OH), (D,,=0.710 pm) {4 055

J& 7 T Niy ,Mn, ,(OH), (D,;=1.626 pm) , £HAZ 1S5
FE A B AT IRAA AT B (4 45 ) R AR . AR SC
BRI 7100HHE , 35°~40°Z [B] 1) i 5 4 J S A Ak o il
FRMERZ R O 122450 5 B-Ni(OH) AR B A4
2.3 BUIRMEAT L SEM & #7

R T R A I A BRI A T SRAA T S5 R
BRI, HEAT T SEM IR . anEl 4 (a) i, K&
IR B Ak L R 8 R R — Yk R R A R A



28 HeLBitsdhs 1R

2024 42 A

—D,=0.710 pm
—D,=1.626 pm
| PDF 80-0382
| PDF 74-2075

e N

i3 i /a .

Y Y

10 20 3(.) 4I0 5IO 6l0 70 80
26/(°)
B3 Ni,,Mn,,(OH), (D,=1.626 pm F10.710 pm) S
XRD i
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Fig.4 Scanning electron microscope images of precursor samples: (a) Ni,,Mn,,(OH), (D,=1.626 pm) ;
(b) Ni,,Mn,,(OH), (D,=0.710 pm)

2.5 IE#KH#PISEM#BET 44

R T AN FPRAR T TEROM A S AR R N
AT T SEMIIRK. Z5F IR, A FE b 34 e — O R
HERR AL A R URLZE AR, [RIFSEER A RE S e HAT 8%
IR /-1 (K 6(a) FIE 6(b) , LR R W]
XS HA R AFIEs A . O T B E — USRI R
o AT T RS, anlE 6 (o) FTE 6(d) X b i s
Li, ,Niy,,Mn, 0, (Dy,=1.148 pwm) B 5 ELA s i — 1

ORISR Al NI —UCBR P-4 RiA%E . Li, ,Niy ,,Mn, 5,0,
(Ds=1.667 umFl 1.148 pm)APRHEG A BETIRAZS S 40
El 7R, Li,,Nig,Mn, 0, (D,=1.667 pm 1 1.148 um)
A BET H & 1 AL 5] 8 2.613 2 m¥/g £113.017 3 mY/g,
AT DA HURIAR AR /N5 OR AR AR A K L R TR
2.6 IEMR#ELIXPS S HF

R T U AR T RN A X 2 AR S A T
T XPS4r#r. W& 8 Fr7w , 78 2 4K i i) XPS ) &



% 155 %14

H 5 AT SRR TR AL 2 424 L B AL B AL F 6 29

(@) 13 _ ——D1667pm (b) 3
N/ 3 ——D.=1.148 um =
~a =
S _ o~
| it B E
g p—> P W 5
M ~
= =
__-J-»k L_J " A Mo
10 20 30 40 50 60 70 80 18.0 18.5 19.0
20/(°) 20/(°)
(¢)  R=507% @ Observed (d)  R=5.03% @ Observed
=3,
R,,=5.03% Calculated R, =6.63% Calculated
) Background 21 377 Background
x=0.828 ——Difference = —— Difference
' R-3m ' R-3m
=} C2/m =} C2/m
= =
= e
5 i
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
20/(°) 20/(°)

E5

Li,,Ni,,,Mn, ;,0,(D,=1.667 # 1.148 pm ) #¥ i) XRD EEF1 XRD #EE % : (a) XRD EiZ; (b) (003)1&H XRD A A B ;

(¢) Dy=1.667 pm i FA I XRD #5EEIE ; (d) D,=1.148 pm £ 5 H XRD H51E B &

Fig.5 XRD patterns and XRD refined patterns of Li, ,Ni,,,Mn, .0, (D,,=1.667 pm and 1.148 pm) samples: (a) XRD pattern ;
(b) the magniffed splitting pair peak of (003); (c) riveted reffnement results of D ,,=1.667 um sample ; (d) riveted
reffnement results of D,,=1.148 pm sample
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Fig.6 SEM images and particle size statistics of Li, ,Ni,,,Mn, 0, samples: (a) SEM image of D;=1.667 pm sample ; (b) SEM

image of D,=1.148 pum sample (c) particle size statistics of D,,=1.667 pum sample;
(d) particle size statistics of D,,=1.148 pm sample

(a) (b)

Dy =1.667 pm
BET:2.613 2 m’/g

Dy=1.148 pm
BET:3.017 3 m%/g

Fig7 N,

WE 9(b) fir s , 15 2.0~4.6 VILE N 0.5 CHLE R
Fe FEL - R A B Ml £k B L B LN, Ming 50, (Dg=
1.148 um) 1E #)% 19 Lb 25 1 76 0 20 3 2 v 1R
Li, ,Niy,, Mn, 0, (Ds,=1.667 um) . 7£ 100 XG5 ,

—9o—Adsorption dsorption
) . . . +. Desorpltion X . . ., —9—Desorption
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
P/P, P/P,

B7 Li,,Ni,,Mn, O, ¥&HN,RH-FRERLZL: (a) D,=1.667 pm kY
N, W5 B -2 IR SR 2 5 (D) Dy,=1.148 pm B & B N, IR - 0% iR 2%
adsorption-desorption isotherms of Li, ,Ni,,,Mn, O, samples: (a) N, adsorption/desorption isotherms for

D,,=1.667 p.m sample; (b) N, adsorption/desorption isotherms for D =1.148 pm sample

Li, ,Ni,,,Mn, 0, (D,=1.667 il 1.148 pm) F 4% Ht %
H{H 43 54 190.7 mAh/g F1 237.3 mAh/g, 45 A7
PR R RN 91.2% F190.9%. 1 ¥ 5 72 Pk PR A2 i
TR A /N 5 T T AR R 3 0, Bz 0 i M B =2 4

KT



%15 % %1 4 H 5 AT SRR TR AL 2 424 L B AL B AL F 6 31

(a) & = D,,=1.667 pm
& = o —Dy=1.148 pm
= =
= i ”
< = -
E i
juss) Al
= J "Lau

e,

1 000 800 600 400 200 0

5 /a.u
S
"L
()
3t
=T Y
=]
i & /a.u

660 655 650 645 640 880 875 870 865 860 855 850 845
ZEAfiEleV i EhkleV
E8 Frfl&EEMmEIXPSiE: (a) XPS 2L ; (b) Mn 2p B9 XPS Hi%; (¢) Ni 2p 9 XPS i

XPS spectrum of the prepared samples: (a)XPS spectra; (b) Mn 2p XPS spectra for sample;

Fig.8
(¢) Ni 2p XPS spectra for sample
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Table 2 Peak area data related to Mn**/Mn*" and Ni**/Ni** in XPS plots
Eﬁl:’l:ll.l Mn3+ Mn4+ Ni2+ Ni3+
D,,=1.667 pm 17.4% 82.6% 66.9% 33.1%
D,=1.148 pm 18.5% 81.5% 64.3% 35.7%
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Table 3 Initial charge-discharge data of Li, ,Ni,,,Mn, O, (D, = 1.667 pm and 1.148 pm)

R fRiAR FEHL LA/ (mAb/g) i A i/ (mAN/g) FECRIUFR %
D,=1.667 um 268.7 213.9 79.6
D,=1.148 um 306.8 246.7 80.4
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curves ; (b)cycling stability at 0.5C; (c) the rate capability curves
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