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Fig.2 Thermogravimetry curves of NipgMng1C0g1(OH), LiOH H,0 and corresponding mixture (a)®%; XANES spectra of Co K-edge (b), Mn
K-edge (c) and Ni K-edge (d) for the precursor during the in situ calcination™'; temperature-resolved in situ synchrotron XRD patterns (&)

and evolution of integrated intensities of (003) and (104) peaks (f) during precursor calcination!?5!
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Fig.3 Schematic diagram of local crystal structure evolution from hydroxide to layered cathode during calcination (a); temperature-resolved in
situ PDF patterns in 0.15-0.35 nm with corresponding positions and integrated intensity of TM-O and TM-TM peaks (b); schematic of the
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1496 -

L E A e

53 3%

(Mn*")Og J\THI P S B 1, HR R 2 FEL LI .
H1 T B B 18 14 R LA (NEPY) (OH),_o(Co> /M *) (0L,
BA S5V E A R S5 RELE,  BRITE B B
FALYITT IR R G5 (P-3m1) AR IRER R IF (&
2e) . {HJE%Z(Co?)(OH)s F1(Mn*")(OH)e J\ 1A% AL A
(Co*)0s FI(MN**)Og J\THI AL, S TM—O “F-Hyé
Kagis (B 30>, S MARFCAR, AH AT S 06 A A
¥ (E2e) .

TEER 2 MrBr (— MO\ Al Bl B2 7F 250~500 CIX
), NiFFsRERN (B 2d) , FERERNHEK
AR SN, TS EAHLL R A AR . 14 275 C
i, AT SRR 2 AR IR A R R SE, 3 2 15%
MREBL (K 22) o BT Co™ 1 Mn®* 75 1 BrB
Z e, B LifH S ok 77 A4 1A R AR
&Ky BT CABCRA BTk 2 B BT Ni(OH)e /\ T4
IR HO (CanlE 3a 2P R 3 ATvR) o HL0 MIAR AR
S5 FF1 OH™ M\ Ni(OH)e J\THIAA Ff# 5T, AT AT
FRI(NI®)Op_p NI, FEAEA L)\ T4 B 3T T B 25 o
T B RASA R Ni B, SETEMRE, W
FEFEARYR AR DTS DL T R B Li PadiRON, DhRase 2R
MEZE . T UbR BN Li BRIRHEOR, RS K
AR (E 20) o IREVIMFTH g ST AR
DR PRI SR TRV 2K, 7 250 “C R FFAA HIZ R
PR IRIAH ¥ (104), W& . BEE DRI BB E RESEIE N, Li
OB A, T {4 (104), 04 5 R IR B 5, F
500 CH 1T K Li B HRN T35 1002815 O o5 48 42350
) 88% (I 2f) . [AIA, 7 400 CHFUEH BT ZIR
45k (R-3m) [1(003) . #ATAT, BT Ni &5, b
WEERS SRS A S B R, NI AR
PR AR, FEL NiOs, TR H ) Ni** 5 T .
ST IR R B NI® A\ T A A7 £ 28 D i A7 7 28 )\
AN Co-t-0 B848) WEILAEHA22{H N 057 eV, 5 LiiL
BB (0.357~0.523 eV) #HY. Rk, Ni¥*fHia T
TRF Li 2. FR, —8 L B4k Ni s gl
3a HIL IR 4 Fin) , SR BOE B E AR S50 1R
He ™ 5, 1(003),/1(104), L fE B A%, BYJE A& A Ta) A
(Ni%*/Ni**/Li*)(OLi*/Ni**/V0), (Co* /Mn*™)(OLi*),, H
B4 Co¥ Ml Mn* B 115 6 A~ O JR-T /s, 1 OH ffi#
B S HUY (NI*)Ogp> AT AE TMOG J\ T 1A [ X6 Bk itk 5
SRR FE (il 3b v TM-O 1§ 55 i)«

UE B B 5 R F R 2R T A B AL M b T i R IR AR
ORI AR, i N A Rl SR (3 R B AT
REAUAEAH LI TM 22 B A JZ R 1EFe (B 3d) 5 T
AR E R RGN, IS S A B R AR 1 2R
SERTEREAN G UL R A R AR AR (] 3e) - 1%

JZE A1 # 5 B AR R AR AR A 27 i I R v 2 W 42 3
OEZEEIV LR S e P

TESE 3B (— MM BERT 500 CHE) , B
FEH ST, Li OGRERRR, (2 Ni* k8l
WAk, AXIFR(NIZ)Opp J\IHI A AE R 5T BRI (NI*F) 06
J\IAR (& 3a B 38 5) o BT Ni** (0.056 nm) ()
A2 LT (0.076 nm) /MEZ, MH ST Li EH R
1 (B 3a it bR 6) ENESE)Z, R\ RN
Li/Ni R #F B B AR ® N 77 2 R 4 M
(NiZ*INi**)(OLi"),_(Co* /Mn*")(OLi*),, F I N # K ()
Li/Ni A Fe 3 .

M, B SRR O AR R e A
17, AT (RPN PSR 5 RO BRI &
AT A4k . 55 (Co/Mn)(OH)s \TfifA A Co Al Mn 4L
Jef Ak, OH M Ni(OH)g \IiR R ES, FEMAIFRI
NiOg 5 /\THI 1A, #5J5 NiOg s \THIRE I K AE XS B
AT NiOg \[fi 4. Co M1 Mn 4 26 8 LA AT BRAAZE A
IR ZAIREE R TSI, WA AN BN E A 1S 7R K
A MR M AR AL AR #5745 o NiOyg J\ THI A% P %o FR P4 Al A
IVE T 5 S % A% S FEAR DGR LN TR B A A /2
BEERBEEMEM. BT NPT RIEILREIEFK,
NiOg J\HI A [ FRPE S B AR . ik, BT LA W o] 3@ i )
il Ni(OH)g \ T4 IR 43 %, B Ni(OH)s 1% Co(OH)s —
FEEAL, DAURZR Bt S fE 250 “C A A5 eI A FE AR R FE 1)
Li/Ni Rk R, 38 5 5 S AL PRI B 4SSk FEIK Ni(OH),
NIRRT B2, SCHLTE BRI IEE TR L Li/Ni
IR E Ni EIREN

FH T8 ik i o AR o PR R 7 5 B0 P S
ToF AT B BLIE AR F AL 2 T e AT B 2 s BT, A
BT AR B e i I B B AR, Li/NG TRAHE™ 5 1 AR
) Li JEr b NP, 64 L 2Pl Lt
BB RN S, AR BRSO, geat, K
EbF LitKME 124, NiPEREUN, MiEEE 22
[IFEIR/N, LIt 8O 2 I = i Re 22, LY BRae 1 T
B, MRl R R A% R RE PR . Duan 2 NP 7E T BB
A PR E R IEWA L LiNig,Mng15C00.150, TERE 52
WA o AR B, AHET PH B T VR HERR R 6 R
(156 mAh g™ , BB T 2R R E RS F
PRI 7 H T A 8 F L 2 189 mAh g™, R HAFH
B FIRHEX PRE R AL 25 1 R B A B
1.3 BERIESIZHNEAELE

TEMIXHAL IR AR — A G, B — e R
JE Li/Ni PSS T4 7 M0 E R IR R AT . 2R
M, TEMNCRIRIR P 2 =B R, R B AR A
PHES A 7 MR E— 4, ROk R S X3 s e &



%5 5 1

£ HSE: SR T RIE AR AR R B IR e S R A R A R 4%

* 1497 -

MRS DAL SRR T A P2 2 R AE AR Hopk
N BEEIRFERIFEAC, FRARTRER Li & &34, =k
A1 B A 2 T X A5 T e S AR O3S — i
TR A 25T B R AU LU IR 25 A T Bse R, AR AL M8
R P S ORI — e B K T AT IR Li 3R sR R IE R
N FiAS, APRLERTH NGRS Li YIsk . SR, 8
5 A7 XRD B ER A : 24 IR 28 Li,CO, I 21 (723 °C)H
DA, o 2 57T D3 A i 1 L 2 R AR RE P AT
th, BRI B € B Li,CO3 (1 4a), H. Lip,CO4
S BB IR RS AR 00 (& 4b) PO, [,
B Li,COs 7 & MR S AEAN [ PR IR IX IR A7 AR BCK 7
S, fE 723~350 °C X [H) H 3 o & 5 B ARSI & 10 o5 b
K, 350 C LA A X 1) I8 e o A48 o it e /b
(BIFE 350 CLLR LiCO; HEMAREAE) (K
4b) VO, FE, EARFORI AR Li ALH Ni SRR IR
FEE AR A, A Bap R 465 5 — IR RO 4/ P it Ao 1) 2 57
TR T B (S AR 2 (RTEAS LN TRHERIZIR
458D o IR Li,COz FRAR £ & A SG N Fe 3% S H X 37T
Li FH PRI B B A B 0 T AR vA A sk R v o 2 A ) 3R 1T R
m ﬂ_ll.. %\[36,41,43-47] 3

2, \Slow cooling
S
=] 5!
< 3!
2 NP
g Ti 409 . 600 800
‘QE) . ime/min 850 C

850 C —

}
710 C pa—— e —
S —

B/ CER— )

30 C 110 —

200 T1T72
2.50 2.75 3.00 3.25 3.50 3.75 4.00
200(9
90 X Li,COs -
X Q 5 Slow cooling
g 8.0 o § Quenching
3 buenching ;]-,10 ! o e
] o v ‘
& 7.0} g AV
@ Slow coqling. ;50.5 | "',’l-
60 s
"~ 800 600 400 200 O E 800 600 400 200
Temperature/ C g Temperature/C

e ek [E] P 2 8 Jok - ] 1 A A ELAE 5 B0
P LIIO BRI N e PRI T 2 4R I A R A 2R T A
DR FEFE N ERmFIEE R (600~850 'C) Mtke
EARIEARES, SRS L AR R R EL AT RS s A
S, AT SRS A E. [EIE TR S M L
TMELE T 1 ks R B, BARIA 2 P s
TE Li,CO5 165 # LA b3 FE AT I8 B B K MBS, A
PIJBEH BT L A B [ A BARRE R T R RN e
M A BB P = b HETE Li,COs T . R, B IR
PRSI CREA R IR FE PR 22 Li,COa 45 R LA RIS
EH ARG I BRI R AN R THIIG LI 2 [ AT 70 50k 2R T
TR LiyCOz0 1ETLIE MR IRFAMS T Li Y5 LR
£ LI BURMIEDL T, dRIR S X IR Li & 2ok L a
PRLRIT, AT FE dioR 3R ST X 380 Bk Li AHZE R (1 4e)
Bt 2 S X 4 Li S8 RS IR RS AR B, AER
ST DX IR 3 ST X 4 B Li WRBEZE . 1 Li WRFERS
FERIIREN T, 2RI X 3 Li AW s AT, iy
KABRLR FHZE Li M IXEIEH, HIEREERR T
Li,COs. [AIH, HI T Bk iy Li R R B T A% Bl 1 ek
5, WMCRALIRE R Li,COs M3 INELE 723 'C—350 CRE

Cooling
[

7 Li-deficient

layer
d
Surface
Li-deficient layer :
Y g J o I O Li,CO3
e o o &._‘4 f
P~0--9 . O? OP' )
v o vy
5 & \COZ [
. s
4 ’ COQ a ,\'
o 0,
—ad
b g L =Ny
*c -

B4 R M R R A AR AS AT S A L G LA, XRD JIE s ARV 50 S Ak A SRR Li 67 Ni®* J2 LinCOs & B8k
Yo FIRLRE ok A S R M AR SR e ARBD BUR A ELA R S S i AR
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Basic Scientific Problems of Nickel-Rich Cathode for Lithium-lon Battery: Structural
Evolution and Regulation of Intermediate During High Temperature Lithiation Process

Ren Li*, Wang Xin', Wang Shuo', Wu Wenbin®, Zuo Meihua?, Xing Wangyan?, Fan Weifeng®,
Zhang Bin®, Zhang Jun*, Xiang Wei'
(1. School of Materials, Chemistry and Chemical Engineering, Chengdu University of Technology, Chengdu 610059, China)
(2. Yibin Guangyuan Lithium Electric Material Co., Ltd, Yibin 644002, China)
(3. Yibin Libao New Materials Co., Ltd, Yibin 644000, China)
(4. Shaoguan HEC Technology Research and Development Co., Ltd, Shaoguan 512000, China)

Abstract: In order to synthesize high performance nickel-rich cathode, it is necessary to adopt favorable calcination temperature, calcination time
and cooling procedure to lithiate hydroxide precursor, so as to form cathode material with better crystal structure and grain morphology in a
controlled way. However, due to the large number of parameters involved in the calcination process, it is still challenging to reasonably design the
calcination process which is required for preparing nickel-rich positive electrode with ideal structure and morphology. Therefore, it is necessary to
deeply understand the evolution and formation rule of the phase, structure and morphology of intermediate during high temperature calcination, so
as to provide reference for the design of nickel-rich cathode calcination process and directional control of structure. In this paper, the phase
composition changes of precursor during the lithiation were briefly introduced from the point view of thermodynamic phase equilibrium.
Secondly, the reaction mechanism and phase evolution of the intermediate were introduced based on in situ testing and theoretical calculation
analysis. Thirdly, the surface reconstruction phenomenon occurring in cooling process which significantly affects the properties of nickel-rich
cathode materials was introduced, and the reasons for surface reconstruction were summarized. Fourthly, the morphology evolution and factors
that affect the morphology during lithiation were introduced. Finally, the problems in the calcination process of nickel-rich cathode were
discussed. The structural evolution and regulation of intermediate during high temperature lithiation process introduced in the paper could provide
reference for relevant professionals to develop nickel-rich cathodes.

Key words: nickel rich cathode material; high temperature calcination; surface reconstruction; cationic disorder; phase transition
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