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Regulating structure and properties of Ni-rich Co-free LiNi, ,Mn, 0O,

cathode material by co-precipitation process
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Abstract : Ni, oo Mn, ,, ( OH), precursor is prepared by using the co-precipitation method, and is calcined with
lithium together to obtain the corresponding cathode material. The influences of process parameters and pH on the
morphology of the precursor and the cathode material, as well as their electrochemical properties are explored. Study
results indicate that within the pH range of 10. 8—11. 3, the solution becomes oversaturated as pH increases, which causes
the nucleation rate to exceed the growth rate,leading to a decrease in the secondary particle size of the precursor.At a pH
of 10. 8, the prepared LNM91 cathode material exhibits a relatively large secondary particle size, resulting in a small
contact area between the material and the electrolyte,leading to a superior cycling performance with a capacity retention
rate of 84.20% after 200 cycles at 1 C of current density.At a pH of 11. 0, the synthesized LNM91 material has a smaller
particle size,leading to a shorter diffusion path for lithium ions,which is beneficial for de-lithiation, exhibiting excellent
first discharge specific capacity (201. 80 mAh-g™') and first coulombic efficiency (85.87%).

Key words : co-precipitation process; precursor; Ni-rich Co-free cathode material; electrochemical performance;

lithium-ion battery

FE455EFE2
2025 F2 8

A

P T A b e B T IE AR R R R R
FIBAARAFAICE, 2 AT f5e FL D P 7 119 TE AR o e
R Z — (BR S BT AT Co BB
AR NG R R IR IR RS (ST LA
R , iR 5 e BE S ik — 25 M PR T T ) BB
WL, I, R R G A RRRE 22 O R IE R Y 32
THEFE BT ZRIER AR R R T
TETERR AR L X T Fi 4R AR 1) & AT FE AT

BT TSR AR SR TE AR B R 8 B 7, oAk
SRS R T — B AR 22 A W) B
(s B2 B 3 RSE A DA e — OBURE B oW 245
HaY ) R B4 R W) B 2 il 8 1) TE AR R R A2 TR
R PE AR I DTUE 1 2 3K IR 9 A 1Y B 5 DL
Tk ARSEPIRE I R R A R OCR A IS R ARG,
A LB HORAR I A w45 17 4 i T AL Y
Tolb Az ARG R AR A TR TR AR

Y B3 .2024-04-01 ;&[5 H#A . 2024-11-26

E£WA . HEKARPEH 4 (52204306,52374299,52304320) ; Wi A B SR FH#FE 4 (2023]]10044,2023]J40014) s R4 HE T RLE AR5 00 H

(22A0211) ; IR 45 WFFE A RHIFRUHT I F (€X20230940)

YEE A RABTE (2000-) , 55, WAz WFFE 7 1) S 20 1 LTt o B 2 R AE A A4 8 | giheng. chen@ stu. csust. edu.cn; 25 R 3 (1984-) , B 18+, %
12 WF5E 5 0] 5B RE TRA R 2844, 3l TREK & A, lingjun. i@ csust.edu.cn,



2025 F2 B

AR B T 45 Rl s R 2 AR sz > e pH 4%
PR LTI 3 R X6 7 AR 2R v ) 3 A R S i
K, TERTIRARA: K A% B BEYI A7 E LR ] PR L
2 pH X AR BA — OB0R HE R B3R B DL K iR
SR FERRTOR AR, T UL, B EE AL
A A ALY RTIRIK Niy Mn,, ,(OH), B, %F T
SBBOT R pH AT RIS, IMRR T 2 & 1F X}
TS 2 5 118 S i, i 0 v 2 8 T A6 A 17 T s il %
IS5 88 T pH Xt IEARATRHE 50 45 44 LA K e Ak 2 1

A
1 LWHE

1.1 LWEMRERFE

Nij goMn,, 0(OH), I BRAAR B ol £+ B 4 o
A —E M R UK AR MR, K EEIR R 901
[ NiSO, -6H,0 MnSO, - H,0 58 &1 T 22 5 1K
BLAL 2 mol/L A R 5 1A R, (B A ERBE v, o A4
REAEE T 5 B F K TR BC AL 2 mol/L W B W, 51
T 3 P76 R I 1 K S B A 2K e, R
IGSh NG IR AN 28, RV R N, A
SRR, HETOTE S 50 o R v S B[] 2Kk
DL R R | B R 5 R 700 1/min, pH 435135 2
10.8.10.9 11.0 11.1 . 11.2 LK 11.3, 4%
F G R BR A — B st [, B S B 7= 4 e YAk A D
3~4 W, FHAE 110°C HEAR v Ak 15 21 1 oK 4408 K
AR BT IRAAAE & 23 S0l i 44 2 NM91-10. 8 \NM91 -
10.9 NM91-11.0 NM91-11.1 NM91-11.2 LA}
NM91-11.3,

LiNi, oMn, , O, TEARHF R 4 B AN [F) pH 2%
PR il % A T IR A RE 5 LiOH - H,0 4% 1:1.05 /Y
FEIR LSRR A IR, A 2 i itk AT = g be . T
R E R 5C/min, ST 480°C PR 5 b, Fifi
Ja THES] 770°C 1862 10 h, 8 E G B, #4519
TER A RE S 5 fiy 45 3 LNM91-10. 8 . LNM91-10. 9,
LNM91-11. 0 .LNM91-11. 1 .LNM91-11. 2 F1 LNM91 -
11.3,

1.2 #RIEHRIE

Wt X SR ATHHMY (XRD, D8 Advance , Bruker)
3BT HIT SR AR LE AR A R i 1 AR 25 4, 40 A
JEER 10 ~90°, A4 3 22 5°/min, | 3 & 5t
P 7 BB (SEM, JSM 7900F , JEOL ) 43 M7 Aij 4K
PRIIE AL S (RO SR 28548 . ) SO ek
% ( Mastersizer S3000) X Hij 9K 44 (1 %7 458 #E 47 00 4K
I e JH A 45 B 1A B3 A (ICP - MS, Agilent

PRCIES . SRR E BT LiNi, ,Mn, 0, EARMRIIVGE SRR C117 -

7900 ) 56 UE IEARAA B A2 13
1.3 BEFEEaENK

W i B« 4 ) A I B S U R ) ) A
PR Ak 2 B PR RN SR A 9 45 (PVDF) L 8 :1:1
B Jo i FU A3 3 B At B v R A T I (T AR
A1RJE A — E B N - B 3L - 2 — ik % Jog il
(NMP) , ANWrbHF S 73 HOE B 5 ) TERSRRL , KK
R I 5 R AR R T L B S 7E 120°C () K
S HER TR 4 b EHGE . TEARR F E sk ER R Lo
JEASE], HAE N 12 mm, FZE N 2~2.5 mg/em’,

HI 2 2% . 7E S i s YA T B b A
% CR2025 Fn=rfath , Horp | =40 9K SR B3 4
B/NF 0.1 pl/L, HA#RH 1 mol/L 1Y LiPF, i
VR FI R IR 2 Mg (EC) BRIR — H1 g (DMC) |
WRIR T ZFR (EMC) (FRFLEL A 1:1:1) 5 1% R T
LIGTHE (VC) MIRE WY, bR i A R & 4 ( Celgard
2500) . MR AYHEEIXE A 2.7~4.3 V,,

AL DU 2RO R AR I, AR 0.1 C
WAL 2 BlJS, LA 1 C(1 C=180 mA/g) 18 HL i 76 ¥
200 Bl FEf bRl b b 7E 0.1 C T Ak 2 B
& I 0.5 C.1 €3 C.5C10 C AT fE
TSGR S B fJm I E) 1 CfE R SRR
5H,

2 ZBWEREIE

2.1 pH ¥} Ni, ,Mn, , (OH), BIIK /&% 55 45 #9 B4
A1)

H TR I0E SO i FE Y pH B 52 0 T 9K A4 Y
TESRAVRLEE 734, PR 38 2 Y pH X T35 iR 1
SYFERIE BE G 38 Y R R AT R A T Y, N[
pH T4 1 Nig, Mn, , (OH), A 5K XRD /& 1
JiR

R /a.u.

i

[N S R WA
10 20 30 40 50 60 70 80 90
20/(°)

1—pH=10. 8;2—pH=10.9;3—pH=11.0;4—pH=11. 1,
5—pH=11.2;6—pH=11.3;7—PDF#14-0117

A1 AR pH & & H Nij,Mng (OH),
A 3X & XRD [
MIE 1 R RUE il Jade K2R 20 BT, 6 FiAE



- 118 - FAX AL L

s XRD fif St i 5 Ni (OH), B4 #E PDF K K
(14-0117) —5" " WA 20 BB, 4% vk Ak R,
BEIHFEA ] pH & Nig o Mn,,  (OH) , B & 1

AN pH £ 44~ & L Nig o Mn, , (OH), 75K
PR ZRBORL KL A% 43 A 1 B 43 A 2850003 i n ] 2 Fil
1R, NE 2 &1 A LIAE & pH 1Y
T, AR A U BUR R AR I X R R
MR 5 pH A2 B pH 3, B
SRR AT E L OH 4R 8 T 7 WP Y 3
JE A SR AR P AR R 38K T AR AR R AR R
EWEE pH 3G nmiw s, Hr, pH 2 11.0 B2
S, pH AR T 11,0 B, Hip 3K 44 — Yk R R 42 R
10 wm ZeA7 ;pH 7€ 11. 0~ 11. 3 JEEI, W Bk ki
BZH 6 wm, BLARA SR BE pH B3 K Tk /), {2 R
KR —OBORL R AR e TR, AR A AN K, BRI AR
11. 0~ 11. 3 JE I pH AN S 52 10 A B 44 — ok
TR EERE

20
3~
15+ 4 1
§ 5 /
glo s 2
3 6
&
% 5}
0 —
0.1 1 10 100
BORLRIAR /um

1—pH=10.8;2—pH=10.9;3—pH=11. 0;4—pH=11. 1;
5—pH=11.2;6—pH=11.3

B2 A pH 44T NigyMn, (OH), B3 & 8y

= RBORL AL AR 2 A
R 1 AFE pH FM4 TR ZRBHHARZ S TS
K Dyo/pm Dsy/ m Dgy/ pm
NM91-10. 8 7.42 11.30 16. 90
NM91-10.9 6.01 9.45 15.50
NM91-11.0 4.28 6.82 12.10
NMO1-11.1 4.23 6.64 10. 60
NM91-11.2 3.92 6.14 10. 33
NM91-11.3 3.76 6.06 9.97

AT pH %A% F Niy, Mn, , (OH), Hi 4K {& fy
SEM i 3 ran, MIE 3 ] LLE H, A pH
SR AR Nip o Mn, , (OH) , Rif 9K A 25 5 9k 2
BRAR, UK IIURL B 40 AR B — WUk AR T A, Bl
F pH BIBEIN, FrOK A R UK A% 28 8D 5 78 TR
FERURBOARECT , vl LB 7 21 X3k g — i ok

FA5BFE2H

BHBEIEZ 24 pH o 11. 0 B, ATIRIKBRIEIE S0
SRR H R R RN —, pH AE 11.1~11.3
JU R P, FORHERIE B B, — U BRE 45 46 32 TS
SEM 55 5oth MR LS RIEA &

2pm S pm
(a)NM91-10. 8 Y (b)NM91-10. 8 #y
TRCARAS R S ONELE

(¢)NM91-10. 8 Y
JR R

Lpm
() NM91-10. 9 1
JRIT R

(d)NM91-10.9 f
AT

(e)NM91-10.9 [
R CRAT AR

5 pm
(h)NM91-11.0 f#
R AR LR

(i)NM91-11.0 1y
JRFRHCR

(g)NM91-11.0 1y
RBCOR A £ A

20 pm =" Lim
(j)NMOI-11.1 ) (k)NM91-11.1 &Y (H)NM91-11. 1 &Y
RBCR A5 5% R JRIT ORI

[ 7)o
oA

(m)NM91-11.2
AT

(n) NM91-11.2 ¥
R CRAT AR

(o) NM91-11.2 (¥
JRIF IR

(r)NM91-11.3 fi¥
JRFR R

(p)NM91-11.3 ff
TR AR

K3 AR pH 4% T Nij,Mn, ,(OH), B3 & By
SEM [

(q)NM91-11.3 f
TR AT A

2.2 pH 3t LiNi, ,Mn, , O, IER# #7532 &5 9 14
Al

AR pH 25 F T ] 5 A 21 A T KA TIC 25 >R



2025 F2 B

[EI AR e 45 vk A B E A 8L, H XRD 3% B an & 4 fr
7R, 6 FIARE OGN B i S 8N 2 2 R,

(006)/(012)

Ll Ll L Lo
(018)/(110)|

(113)

(015)
©017)

— = (003)
(101)

TR /a.u.

NN | B W N -

A
A
A
A
A

10 20 30 40 50 60 70 80 90
20/(°)

1—pH=10. 8;2—pH=10.9;3—pH=11. 0;4—pH=11. 1;
5—pH=11.2;6—pH=11. 3;7—PDF#09-0063

B4 FFE pH &% T 4 iy LiNij ,Mn, 0,
A% AR XRD A
*x2 7A[F pH & TEMK LiNi, ,Mn, ,0,
EARME RIS 5

i a/A /A v/A3 c/a

LNM91-10. 8 2.89933  14.30602 104. 15 4.9343
LNM91-10.9 2.88192  14.23408 102. 38 4.9391
LNM91-11.0 2.87296  14.20937 101. 92 4.9459
LNM91-11.1 2.87283  14.20503 101. 66 4. 9446
LNM91-11.2 2.87265  14.20379 101.73 4.9445

LNM91-11.3 2. 87261 14. 19419 101. 45 4.9412

ME 4 %2 ] LIE W, Ir A R B XRD 7
SHERR S5 AR UE PDF K F (09-0063 ) A%} o7 LI
B, 2R IR EE R YR a—NaFeO, JZIRZEH , R-
3m ZEAIEES S AR RLGS T LR ARG R
Tt RS A A AR, UE A R T S AR AR
4l () IEAR AL R

IEM AR SEM FRAFSE AN 5 fis, MIES
HR] AR TR R 38 R SRR — OB HE AR
B ZEBRR R BORL , R OB R AR RNk AR T X
S ATSRAA A RS L Bl pH BRI, IR AR
KIARIBHAR /N, Hod LNMO1-10. 8 kif2 sk, LNM91 -
10.9 RZ ;10 11. 0~ 11. 3 {4 pH [ frf5 1IE ki 4
K/MHIE HRADETC 25 5

40

(a) LNM91-10. 8 114
PR AR R

(b) LNM91-10. 8 [
BRI

(¢) LNM91-10. 8 1%
JoEY ONE

PBIEE SO EE RIS TS LiNi, , Mn, |0, EARMIIBVEN SHAHZR 119 -

Lpm
(£)LNM91-10.9 K
Ty NG|

(e) LNM91-10.9 fi%
KA B R

(d) LNM91-10.9 1Y

(9 ON i

% 20 im

(h) LNM91-11. 0 f#
R CRAT A

(g) LNM91-11.0 ()
TR R A 2R

(i) LNM91-11.0 f#
JRIER R

Lpm
(1) LNMO1-11. 1 f#
JRIER R

(j) LNM91-11. 1 fi4
TR R A2 R

(k) LNMO1-11. 1 f
R AT A

2 pm

el | T
(n)LNM91—11.2El,‘J (0)LNM91—11.2E]"J
RO SRk

(m) LNM9I-11.2
[iioNER ]

(r) LNM91-11.3 fiy
IR Y NG|

(q)LNM91-11.3 Ky
R CRAT AR

(p)LNMOI-11.3 Ky
RRAT
[g 5 Z:]—E—] pH %/ﬁ:']:/ﬁ\ﬁzél‘j LiNio_gMno_102
M A K SEM E

2.3 EWMSEIEBLEERES T

A pH 41F F 4 B LiNig , Mn, , 0, A& b
BHFE 2.7 ~4.3 V IR X E A HE AL 2= R Il 6
Firs

4.4r 2.7~43V,0.1C, 30C

0 50 100 150 200 250
LA & /(mAh-g™)

(a) HIRFTHHE HH 2k



- 120 - FAX AL L

2.7~4.3V,30%C,1C=180 mA/g

0 5 10 15 20 25 30

T
(b) fisktefe
210—— 2100
-’I—_\ 26 2.7~43 V,1C, 30°C
0 b s
21800 26 s
"@ 120} ! 3 §
R ]
=R 25 #
=
60 : : : *0
50 100 150 200
TEIR %
() PEFVERE ]

1—pH=10. 8;2—pH=10. 9;3—pH=11. 0;4—pH=11. 1;
5—pH=11.2;6—pH=11.3
K6 FF pH &% T 6 iy LiNij ,Mn, 0,
TE AR AR B AL 2

MIE 6 R UE i Hah 76 0.1 C(1 C=
180 mA/g) HL L2 BT B9 B UCH HA L A B 5353
175.05,183.91,201. 80, 196. 03, 194. 21 mAh/g Fi

FA5BFE2H

196.26 mAh/g, T K JFE £ 80 % 73 ) N 68.46% |
70.93% .85. 87% .82.31% . 85. 16% F 81.80% ., 4
pH=11. 0 B, & B AR R B YRR L 25 f
HWRERROR 225 A 8, (58 8408 T LNMI1 -
10. 8 F1 LNM91-10. 9,3 52 HH T hif8 el /N4 4 1 88
8 2 R AP S S e s e O R S R

UEAh , N 6(b) haf LI KRR T,
pH 47 11. 0 B AOFE & LNMOO—-11. 0 FA T FE 2%
T fdd, e S R E 10 C 76 11.0~11.3
pH 3 il A A AR S O L A i L — B H B
HF LNM91-10. 8 LNM91-10.9, X & T pH=
11, O B il A5 P i 30K A 3 AR A% B S 9 /0N, %o iz f
TEAR AL RHRIAE B X — e /IR 9 TE A A R}
BB YOS AR DU, IR R RE A B R T
M 6 (c) Hra] LIA H, pH = 10. 8 B IEM #4 %L 200
BTG IR 5 25 & DR 4 R e, O 84.20%; pH=11.0
I, BEA A AR R AE 76% A4, % TBES pH
BRGNP Bl /)N | 5 A v 42 ik T AR O TE
e 2R T 5 LA YR I S I, PR LG T A
BERREE

X ERIAS [F]478 25 B B R B 32817 1 dQrdv il
Lo Hr R E 7 PR,

:

1500f

8

dQ/dV/(mAh- g+ V)

I
-
g€

2000 2000
% 1500 HiM s
1000 M3 o
= _ <
‘é‘ 500} M-H2 /35 <E
< 0 <
> .
2 500} = %’ 2 %
2 4 S
-1000} ) ) . )
33 3.6 3.9 4.2 4.5 33 3.6

HLJE /(V vs. Li*/Li)
(a) LNM91-10. 8

39 42 45 33 36 39 42 45
HLFE /(V vs. Li*/Li)

(b)LNM91-10.9

HLJE /(V vs. Li*/Li)
(¢)LNM91-11.0

:

~ 2000
> > 1500f
o w1000}
= < 5001
E E
= s
~ g —_ |-
3 S o
-1000f

$8¢

dQ/dV/(mAh- g+ V)

I
-
$€o

‘;ﬁ

HLFE/(V vs. Li*/Li)
(d)LNM91-11. 1

39 42 45 33 36 39 42 45
HLJE /(V vs. Li*/Li)

33 36 39 42 45 33 36

(e) LNM91-11.2

HLFE /(V vs. Li*/Li)
(f)LNM91-11.3

1—1st;2—50th ;3—100th ;4—150th ; 5—200th

K7 A FE pH 41T & &ty LiNiy ;Mn, 0, IF W4k 7 [F 46 20 B 3k 09 dQ/dV # 4

M7 Rl LA A R AEAE 3 %Al
i SR S35 5755 i R B R AR (H1-M) | BRR)
AR BN T5 d R (M-H2) MR T3 dh 2 2S5 i &

(H2-H3) AR ARG Bl R FR IO AT, 25 44
BN B R A T AR A WA, 5 A28 A )
H2-H3 1 Y IG5 32 Wl 55 , Ui WA RE R AR T AN Al 3



2025 F2 B

ZEFIRAE, FET UL ES5 R, Y pH=11. 0 ), 228
pH XA R TE SR A A W s, B Ak 2= P fig
ZES AR, UEWTE B pH 1S BB A 5 HoE
PRI B A ALY AT IR A, T A5 2 Al 2= P R AL
) IEAR ALK

AT LNMO1-11. 0 H £ 544 09 B YOl i e 28
W H KB SRR XA SR ERE, K RIE
XA BRIE B, g 1CP PRt — A R E T
LNMO1-11. 0 fICER o>, i3k 3 fiim, M 3
A LA TR s SO HE o R uE ]
fE pH Ry 11. 0 BRAKHBRE IR Bl 770°C T 48k 10 h
Ja A BT T B SR TC A \E R L LiNi o Mn, 0,
£ 3 pH XA 11.0 B LiNi, ,Mn, , 0, IEHH#IE) ICP £1F

. FEIR YU %
TR
Ni Mn
LNM91-11.0 0.9031 0.0981
3 #ig

i 1 ILTOHE i 4 BRI Nig oMn, , (OH), Fij3K
W, 2 iR AR A BT 6B LiNig o Mn, O, 1E#
MRE, FFEAT XRD SEM K742 DL K Ha A2 14 68 11
IR, I HEUUTE T2 280 pH X i 9% 1A A1 15 A% A1 4
T MZE R g, EELER T .

(1) FEU0HE B FE R pH 528 1k 2552 Wi 5 T
OH™ ¥k B , SE IS ma i (RN B . Y pH BE K, i it
FIEESE I, WA R T A R iR — Sk
R B/, pH 7E 11,0~ 11.3 785 Rl Y, Aij 4K
TR Z R BURLRLAR T R, AR A iR K, 1l B AE
11. 0~ 11. 3 JE I pH ASJ2 52 0 Ay SR 44 — ok
BERPEERE

(2) 1E W A RE 2k AR TR O A ) R AR 4 A, FE
10.8~11.3 (1 pH Ju [ N, B pH 1934 K, —
BRI /N, 25 pH=11. 0 B, IERRM R A2
HBETRGE, LNM91-10. 8 Rk AR5 K, 5 HL A
Bzl AU A B A AR R 1 C
T E T 200 WAE I G 25 mAR R RN 84.20%;
11.0~11. 3 1 pH i Bl AR i O 25 i AR 4 R 5 A %
PERBHEIR , T RLAR /N, B T4 B F A e, 15 K
T 5 R i B, LA SR PEBE L pH ol 10. 8
A1 10.9 AURES B &, H LNMO1-11.0 fE P H e
FR B YR HE, FE 28 H (201, 80 mAh/g) FITE IR E K
% (85.87%) .

PRCIES . SRR E BT LiNi, ,Mn, 0, EARMRIIVGE SRR 121 -

S 3k

[ 1] R AR RET TR , S5 ABbe il BE X = B JC Al LiNig g9 Mny 100,
TERAA R AL 5 A A2 e e 52 e [ ] AR AL T, 2023, 43
(9):109-113.

[2] B, 2 FRE ARIA R 55,5 R NCMBIT IEARA R il £ K
ML A PERE ST [ )] BLARAL T, 2023 ,43(11) 156 164.

[3] Sun Y,Wang C, Huang W,et al.One-step calcination synthesis of
bulk-doped surface-modified Ni-rich cathodes with superlattice for
long-cycling Li-ion batteries[ J]. Angewandte Chemie International
Edition,2023,62(20) :e202300962.

[4] Zou K, Jiang M, Zhao Z,et al.Mechanistic insights into suppressing
microcracks by regulating grain size of precursor for high-perform-
ance Ni-rich cathodes [ J ]. Chemical Engineering Journal, 2023,
476:146793.

[5] Li W,Erickson E M, Manthiram A.High-Nickel layered oxide cath-
odes for Lithium-based automotive batteries [ J]. Nature Energy,
2020,5(1) :26-34.

[6] Li M,Lu J.Cobalt in Lithium-ion batteries[ J |.Science, 2020, 367
(6481) :979-980.

(7] EWW, B o] —TFC, 55, B IE A ) 3 1o B8 o 1) F 5T
B[] ARRERL A 5 HAR 2024,13(1) :92-112.

[8] Sun H H,Kim U H,Park J H,et al.Transition metal-doped Ni-rich
layered cathode materials for durable Li-ion batteries [ J |. Nature
Communications ,2021,12( 1) :6552.

[9] Yang H,Wu H H,Ge M, et al.Simultaneously dual modification of
Ni-rich layered oxide cathode for high-energy lithium-ion batteries
[J].Advanced Functional Materials,2019,29(13) :1808825.

[10] Li L, Fu L, Li M, et al. B-doped and La,NiLiOg-coated Ni-rich
cathode with enhanced structural and interfacial stability for
lithium-ion batteries [ J ]. Journal of Energy Chemistry, 2022, 71
588-594.

[11] Yoon M,Dong Y,Hwang J,et al.Reactive boride infusion stabilizes
Ni-rich cathodes for lithium-ion batteries[ J ] .Nature Energy,2021,
6(4):362-371.

[12] Park N Y,Kim S B,Kim M C, et al. Mechanism of doping with
high-valence elements for developing Ni-rich cathode materials[ J].
Advanced Energy Materials,2023,13(34) :2301530.

[13] Guo Y J,Zhang C H,Xin S,et al.Competitive doping chemistry for
Nickel-rich layered oxide cathode materials [ J ]. Angewandte
Chemie International Edition,2022,61(21) :e202116865.

[14] Zhao H,Law W Y A,Sheng L, et al.Cobalt-free cathode materials ;
Families and their prospects| J ].Advanced Energy Materials, 2022,
12(16) :2103894.

[15] Yang J,Liang X,Ryu H H,et al.Ni-rich layered cathodes for lithi-
um-ion batteries : From challenges to the future[ J ].Energy Storage
Materials, 2023 ,63:102969.

[16] Geng C,Rathore D,Heino D et al.Mechanism of action of the tung-
sten dopant in LiNiO, positive electrode materials [ J]. Advanced

Energy Materials,2022,12(6) :2103067.
(T#% 128 M)



- 128 -

(3]

[4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[17]

[18]

[19]

Bao Y,Lee W J, Wang P, et al. A novel molybdenum-based nano-
crystal decorated ceramic membrane for organics degradation via
catalytic wet air oxidation (CWAO) at ambient conditions[ J ].Ca-
talysis Today,2021,364.276-284.

Sun M, Fang L M, Hong X H, et al. Catalytic behaviors of
manganese oxides in electro-assisted catalytic air oxidation
reaction; Influence of structural properties| J].Applied Surface Sci-
ence,2020,511:145536.
Yang R, Fan Y, Ye R, et al. MnO,-based materials for
environmental applications[ J].Advanced Materials,2021,33(9) .
2004862.

Liu J, Wang H, Wang L, et al. Phase-dependent catalytic
performance of MnO, for solvent-free oxidation of ethybenzene with
molecular oxygen [ J]. Applied Catalysis B: Environmental , 2022,
305:121050.

Bt VR, BRI, %5 .6-MnO, SR 5 3840 KA B 34 %
ZALper g KR A= AR [ 1] AL T B, 2023,43(2) -
1-9.

Shen S,Zhou X,Zhao Q,et al.Understanding the nonradical activa-
tion of peroxymonosulfate by different crystallographic MnO, ; The
pivotal role of Mn Il content on the surface [ J]. Journal of
Hazardous Materials,2022,439.129613.

Shi J,Qi T,Sun B C,et al.Catalytic oxidation of benzyl alcohol over
MnO, : Structure-activity description and reaction mechanism/[ J].
Chemical Engineering Journal ,2022,440;135802.

Chen B,Wu B, Yu L,et al.Investigation into the catalytic roles of
various oxygen species over different crystal phases of MnO, for
C¢Hg and HCHO oxidation [ J]. ACS Catalysis, 2020, 10 (11) :
6176-6187.

TUKE, WK, £H, %.6-MnO, W4T 32 8 4R
Co® Ni* FUBIFFE[ J]. Tolk /K AL 3H ,2022,42(12) :85-90.

Chu C,Yang J,Huang D et al.Cooperative pollutant adsorption and
persulfate-driven oxidation on hierarchically ordered porous carbon
[ J].Environmetal Science & Technology,2019,53:10352-10360.
Prasad P A, Giri M, Jena K K, et al.Understanding the As( Il ) ox-
idative performance of MnO, polymorphs (,B,and y) and synthe-

sis of an efficient nanocomposite of iron ore slime derived 2-line fer-

(E#&% 121 W)

Park K Y,Zhu Y, Torres-Castanedo C G, et al.Elucidating and mit-
igating high-voltage degradation cascades in Cobalt-free LiNiO,
lithium-ion battery cathodes [ J ]. Advanced Materials, 2022, 34
(3):2106402.

Wang L, Liu T, Wu T, et al. Strain-retardant coherent perovskite
phase stabilized Ni-rich cathode [ J]. Nature, 2022, 611 (7934) :
61-67.

Park G T,Kim S B, Namkoong B, et al.Intergranular shielding for
ultrafine-grained Mo-doped Ni-rich Li[ Nij s Coy o4 ] O, cathode for
Li-ion batteries with high energy density and long life[ J ]. Ange-
wandte Chemie International Edition,2023,135(52) :€202314480.

FAX AL L

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

FA5BFE2H

rihydrite and y-MnO, for sequestration of total arsenic from aqueous
solution[ J ] .Chemical Engineering Journal ,2022,442.136075.
Huang J,Zhong S, Dai Y, et al.Effect of MnO, phase structure on
the oxidative reactivity toward bisphenol A degradation [ J ].Envi-
ronmental Science & Technology,2018,52(19) :11309-11318.
Zhou Y ,Zhou Z,Hu L, et al.A facile approach to tailor electrocata-
lytic properties of MnO, through tuning phase transition, surface
morphology and band structure[ J ].Chemical Engineering Journal ,
2022,438:135561.

Chen L, Duan J,Du P et al. Accurate identification of radicals by
in-situ electron paramagnetic resonance in ultraviolet-based homog-
enous advanced oxidation processes [ J]. Water Research, 2022,
221:118747.

Wang Z,Wang Z,Li W, et al.Performance comparison and mecha-
nism investigation of Co;0,-modified different crystallographic
MnO,(a,B,v,and 8) as an activator of peroxymonosulfate (PMS)
for sulfisoxazole degradation [ J]. Chemical Engineering Journal,
2022,427:130888.

Li L,Han Q,Wang L, et al.Dual roles of MoS, nanosheets in ad-
vanced oxidation processes: Activating permonosulfate and
quenching radicals[ J ].Chemical Engineering Journal ,2022,440.
135866.

Zhai L F,Chen Y Y,Hu Y ,et al.MOF-derived MnO@ C with high
activity for electric field-assisted catalytic oxidation of aqueous pol-
lutants[ J ].Journal of Hazardous Materials,2022,439.129670.
Zhai L ¥,Chen Z X, Qi J X, et al.Manganese-doped molybdenum
oxide hoosts catalytic performance of electrocatalytic wet air
oxidation at ambient temperature [ J ]. Journal of Hazardous
Materials, 2022 ,428 . 128245.

Wang X, Xiong Z,Shi H, et al.Switching the reaction mechanisms
and pollutant degradation routes through active center size-
dependent Fenton-like catalysis[ J].Applied Catalysis B:Environ-
mental ,2023,329 . 122569.

Ding P,Ji H,Li P, et al.Visible-light degradation of antibiotics cat-
alyzed by titania/zirconia/ graphitic carbon nitride ternary nanocom-
posites: A combined experimental and theoretical study[ J].Applied
Catalysis B;Environmental ,2022,300;120633. 1l

[20]

[21]

[22]

(23]

Ou X, Liu T, Zhong W, et al.Enabling high energy lithium metal
batteries via single-crystal Ni-rich cathode material co-doping strat-
egy[ J].Nature Communications,2022,13(1) ;2319.

R AR, SOR B U IE BB R LiNig g Cog  Mng
0, Mk A T 058 1] UL T, 2018,38(9) :174-179.
Wu F,Liu N, Chen L, et al.Improving the reversibility of the H2-H3
phase transitions for layered Ni-rich oxide cathode towards retarded
structural transition and enhanced cycle stability[ J].Nano Energy,
2019,59:50-57.

Zou K, Xie S, Jiang M, et al.Insights into the precursor specific sur-
face area for engineering Co-free Ni-rich cathodes with tailorable

properties[ J ].Chemical Engineering Journal ,2024,483:149189.



