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Microstructure Regulation Through W®" Doping to Boost Cycling Stability of LiNicC0,10;
Ni-Rich Cathode Materials

LI Afei', HU Chengzhi', WANG Can', CAO Shicheng', TANG Weijian', LIU Zhibao”, CHEN Kai*, WANG Changping?,
CHEN Zhangxian'
(1. School of Chemistry and Chemical Engineering, Hefei University of Technology, Hefei 230009, China;
2. CNSG Anhui Hongsifang Co., Ltd, Hefei 231602, China)

Abstract: The applications such as electric vehicles require a high energy density in lithium-ion batteries. LiNiy9Coy ;O, has attracted
much attention, which has a potential to be next-generation cathode material due to its high specific capacity and reasonable cost.
However, some related issues such as Li/Ni mixing, microcracks and surface side reactions caused by H2—H3 phase transformation
result in a poor cycling stability for LiNigCog;0,. In this paper, the microstructures of LiNig4Coy;0, by W®' doping were regulated
by an effective method to adjust the surface energy of the primary particles and transform the disordered and irregular-shape primary
particles into the well-ordered radially-aligned elongated shape particles. This microstructure feature can suppress the stress
accumulation and the formation of micro-cracks in LiNigoCo,;0,, and provide abundant diffusion channels for Li', thus improving
the cycling stability and rate performance of LiNig9Cog 0, cathode materials. The discharge capacities of 1% (in mole fraction)
W-doped LiNij¢Cog;0, are 231.2 mA-h/g at 0.1 C and 213.3 mA-h/g at 0.5 C, respectively, with a high capacity retention of 93%
after 150 cycles. This microstructure regulation strategy provides an effective approach for improving the cycling stability of
LiNij 9Cog 1O, Ni-rich cathode materials.

Keywords: lithium ions battery; cathode materials; microstructure; doping; nickel rich

ek H e 2023-02-12, BT HM: 2023-03-02. Received date: 2023-02-12.  Revised date: 2023-03-02
FEEH : 2 EE BHEE KL 15(202003205020046); 2RI 1 AR5 First author: LI Afei (1995-), male, Master candidate.
4:(2208085MB34). E-mail: liaf1129@]163.com
B K(1995—), B, WA Correspondent author: CHEN Zhangxian (1981-), male, Ph.D., Associate
BEESE: BREU1981—), %, L, &AFd%. Professor.

E-mail: zxchen@hfut.edu.cn



FES1EETH

ZERT K S WO R RS A A 3R LiNig 0Cop, O, iR IE AR 18 R Fa s 1 < 1747 -

HEFHMENEA SRR, MR,
MAEIE PSR, fE 3C /=5, HaliRERE
BRI A A T2 M Y. BL LiNig9Coo 02 N
A = B IE AR AT 5T 200 mA-h/g I AT L
K. =S 3.8 V KPP & IREA DKL S
TR A=, ARSI — st Re
EMA R 2 —Pl FEIRRRMA R b, 4R 0I+3 542
Wrfede, TEDBELIR S B RE R R A, e
Y U ST URS e ER B e Gl B S Y R N TR 1R
TEMSFEM R SRR S N, S5
e BB IR AL, AN T A 3 i LAk 2152 b S
16T

5 At B IER A REZEBL,  LiNigoCoo, 0, [
MERFEREHTHERBEREPRETHEFN
H2-H3 845, S30mBARS I AR K 5 =94
W . SRR NN AR A S B0 T AR N T B
L, NEAR — R BRI, Bk,
XGRS 7 IEBRBURL (AT 8 B 1, 3k
T 5 RO N B 5 R AR VR ik T A ) SO R R
AL BRI, S T AR IEAR AR AT R R
S TR HUE) AR FERR FE SO S5 1, BeA L
HUHRI IR IR B, AR R R T R £ e ),
Samt, s R P A, B SR
ZE K4 11 FE DR LiNig 9Coo.1 Oy iy B IE B AL B 25 R A2
SENEZNEIR T A 2 )@ e AR TAES R T AR W
B2 LI Y LiNigoCoo 1O, mi iR IERRAT K}, JFE5E T
B LB AR RE RO . DF SRR, =
& WOl LiNigoCog10, 88 IE WA R — R i
KR TS, (FF R0 A0 TR B 7 AR S .
FEfh WI-NC IEARMPEHE 0.5C 5% F, EHBHES
Hik 213.3 mA-h/g, fEFF 150 B2 Ja A ERFER R
1% 93%, W& T RAEATR G R 1 E o

1 Sk

1.1 #REE

NiSO4-6H,0. CoSOy4-7H,0. NaOH. NH;-H,0.
WO; #l LIOH-H,0 3473 #r4ll, R B E 258 H1k 5
WAEIRAF . SRALIIEZEH T NigyCop (OH),
AT ORAR . W5, IR 9:1 1 BE R B 43 i AR B
NiSO, 6H,0 H1 CoSO4 7TH,0, HIaf# T 228 /KK
R BRI (2 mol/L) . 2R, BL VR FEA 9.6 mol/L
f) NaOH &A1 5 mol/L ) NH;-H,0 ¥ 1E N,
SRR BB 3 B RN E S R S A

G L), RMNFFEEHT 12 he NI FEFEHIZEN
WFE N 55°C, pHAE N 11.2, HEEEEZN 700 r/min.
B, BRI T I YR Bk, M
J5 152 Nig9Cop.1(OH), BT LKA .

W EAAHZERHSETAR W BREN
LiNip9Coo 10, Ff i, # NigogCoo1(OH), HI IKAA
LiOH H,0 (& 5%, /R, T REHMARS &
1) WO3(0%- 0.5%-+ 1.0%A1 2.0%)IB&%5), FEAE
710 CHIFES SRS HIBEE 15 he Zdil a4 A i
NC. Ffit WO.5-NC. Ff i W1-NC FIFE it W2-NC.
1.2 IEWRFAHI& &I BRI EE

W R IEARAT R, Zb S TR AR 98 2. 0 R 45 57
1% 8:1:1 FiE LR GBI, A N-HTE-2-Aik g e i
SRR, B 75 um JERE R JIER§E LR,
ST BEMEYISAIER A, HiE AR 6
WERIHIE 2 mglem® K45, ERBRAINTER
(LABstar, &, MBRAUN)H', M IEM . & @4
. Celgard2400 R ZH 2 CR2032 Y4110
M, L 11 ARER LG iR ER — Y ER(DMC) FIBRIR £
JEBE(EC)YAE T 1 mol/L LiPFq BT TR A HEL AR -

1.3 MRFTERBAFMERENR

K £ 9N ERLA 7] X’ PERT PRO MPD #!
X S AT (XRD)EATPIAH 8, AR
40kV, TAEH N 80mA. it Fullprof Suite
fife XRD 455 . K3 Thermo Scientific Apreo
2C BYGE B FICAYIFF A ENEURL, K H AL A F]
(1) SUS020 37 /& 5 14 i B (FESEM) LS B i ik
MIES . K H AR 28] 1) JEM-2100F 2 =5 9%
Yy R S5 B T R BB (HRTEM) 35 75 K 1 S0
gifMu RS MEE. RAELEFERCAAD
Escalab250Xi ! X 2% HL 1 BRI (XPS) 3RS 1
MG RN EE R I RYIEBUR BT A RA A
(1) CT-4008 54 70 55 FELASCIN A FL VB I 7R S L g, P
JEEH N 2.7~43V, 1 CEXN200mA/g. KA L
)R CHI760e ZY HEA 2% T A sl A AC Jit BRL 470 3
(EIS), A%~ 0.01~100.00 kHz.,

2 HR5#
2.1 IESREN

XF it 2% R = R IE AR AR LiNig 9Coo 10, #EAT
XRD R, 45 RE AR ATEIES 5 R3 m
[ o-NaFeO, FREE A F(E 1a). Hr,
(006)5 (012)f7 i /> 248 55, Uk BHAE (1) 2 IR &5



. 1748 - CREFR Eh22 4D

J Chin Ceram Soc, 2023, 51(7): 1746—1755

2023 4F

o T, B W B 4 BT N,
(003)fIT 5t IR 11K 20 A EEm AL (] 1a). XA
WO EA2(0.62 Ay KT Ni?7(0.56 A), 7EiE NI I
&R A SR Z R FEAR K, X5 S c AR
EREEAR — 2GR 1) Ak, W 1 Fis, FEd NC

() Li/Ni JRHEFEEE N 4.4%, TFES WO0.5-NC. #f
i WI-NC FIFES W2-NC 1 Li/Ni JBHES: 51 B
2.8% 2.2%A 2.6%. Ft, WO E 5 = ekhkl
M ARACLIOAE . B 55 /AR VR HE, SR T 45
FaE

(a) XRD patterns

(b)NC

(c) WI-NC

1 FESLK XRD % B2 BE i NC FIEE S WI1-NC [RS8 XRD it

Fig. 1

F1 HmEEE XRD FHER

Table 1  Structure information obtained by Rietveld
refinement of XRD
Sample No. ~ a/A c/A 7 Li/Nidisorder/% Ry/% Ry/%
NC 2.87033 14.17587 2.00 4.4 3.04  3.92
WO0.5-NC 287130 14.18509 1.58 2.8 291 3.0
WI-NC 2.87144 14.18310 1.99 2.2 3.16 4.05
W2-NC 2.87148 14.18449 1.88 2.6 3.03 387

a and c are the lattice constants; 5, R, and Ry, are the reliability evaluation

of the X-ray Rietveld refinement.
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XRD patterns of all samples and Rietveld refined patterns of NC and W1-NC samples
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(a) FESEM image of NC

(c) FESEM image of W1-NC

(b) FESEM image of NC sample

(d) FESEM image of W1-NC

(e) Schematic illustration of structure changes after W doping

B2 NC 1 WI-NC £ 5 Bk {1 FESEM 8 i g i 8 R 2 B
Fig.2 FESEM images of NC and W1-NC samples particle cross sections and structure change illustration
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(a) Cross section line scan of (b) XPS depth profiles of (c) W 4f relative intensity of W1-NC
WI1-NC sample W 4f peaks of W1-NC sample sample based on XPS analysis
(d) Ni 2p (e)O 1s (f) W 4f

3 FEhh WI-NC BB 45 RAL LT AT B 1 XPS 1

Fig. 3 Gradient structure characterization of W1-NC sample and XPS spectra of all samples

(a) (b) ()
4 Fffih NC 1) HRTEM FIHUE Fourier 484 i Fy
Fig. 4 HRTEM and fast fourier transformation(FFT) images of NC sample

(@ (b) ©

K5 #Edh WI-NC 19 HRTEM FIHR#E Fourier 288
Fig. 5 HRTEM and FFT images of W1-NC sample
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(2)

(b)

6 FEh WI-NC H TR A B 7 A
Fig. 6 Elemental composition and mapping of W1-NC sample
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(a) Initial charge—discharge curves

(d) Cycling performance at 1 C/5C

and enlarged galvanostatic titration

curves of WI-NC sample

(b) Rate performance

(e) Li" diffusion coefficient during charging
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(c) Cycling performance at 0.5 C/0.5C

(f) Li" diffusion coefficient during discharging
and enlarged galvanostatic titration

curves of NC sample
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Fig. 7 Electrochemical performances of LiNiy¢Coy 0, samples
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Table 2 Comparison of the electrochemical performance of W1-NC sample and modified Ni-rich layered cathodes in references

1st discharge capacity for

Modified strategy Current density (1 C)/(mA-g™") Cutoff voltage/V . Capacity retention/% Reference
cycling/( mA-h/g)

WI1-NC 200 2.7-4.3 213.4(0.5C) 93.0 (0.5 C, 150 cycles) This work
Ti/Al-doped

. 180 2.8-43 182.3(1.0C) 90.3 (1C, 100 cycles) [30]
LiNig.928C00.07202
Ga-doped

. 200 2.8-4.5 206.0(0.5C) 72.5 (0.5 C, 100 cycles) [6]
LiNig.9C09.10;
LiTa,POg-coated

. 180 2.7-4.6 207.3(1.0C) 84.8 (1C, 100 cycles) [31]
LiNipsCoo.1Mng 1O,
Te-doped

. 200 2.7-43 216.2(0.1C) 89.3 (1C, 100 cycles) [32]
LiNig £8C00.00Al0.0302
Mg-doped

. 180 2.8-44 220.0 (0.3C) 90.0 (0.3 C, 150 cycles) [33]
LiNig.04C00,0602

Hef: m, M AV, 2 AR PR ), BRI
ANEE JRARA ;¢ N E E LR AK PRI (] AB AARES
AR, AE, AR HADN; S AHRIRE .
RAELA S5 R A S TP B RS Dy HE
7e FIE 7f o] W, RBIEFEG NC 7878 FIE R Y
Dy FHME R 3.71x107° cm¥/s, LI FEF 1) Dy A
3.81x107 cm?/s, TikEM WI-NC 7E7S . T HE 7R
Hf) Dy 23 5004 6.64x107°, 6.87x107° em®/s. 5K
FFESAREL, W 324 LiNigoCoqg 10, 1EARF AL HH B
T B SRR B G, IX TR RN W 1B

(a) Differential capacity curves of NC sample

(c) Degree of polarization

fifi LiNig9Co9,0, JEREM B ZHEEAZ KL L W 11
FEFE ROV PR TR BS T IIERS A 22, I T 4
BT HiEmET ),
23 MBS

it — 2 B W 4B 52 LiNig Cop 10, IE 1K
PRHEREREM AL, LM T A RTEIR 3L
JERESE NC FIFE S WI1-NC (504 25 & (dQ/dV) il
2. WKl 8a MK 8b Fian, M dQ/AV HIZIIH
B — RPNV E A g, o BT 2R N/ 3
TR AR R AR B & FAHAE . 1, LiNig9Cop 0,

(b) Differential capacity curves of W1-NC sample

(d) EIS plots and equivalent circuit diagram

R; is a series resistance; Ry is charge transfer resistance; Z,, is Warburg impedance; CPE is constant phase elements; Ry is interface resistance.
8 AEI LR Py FR A Hh 260 EIS
Fig. 8 Differential capacity curves during the cycle of samples and EIS plots



FES1EETH

R 6 S WO R IR AE M1 3R LiNig 9Coo, O, fei i IE AR A LI A A e 1 © 1753 -

MRHMEFE I BE R AE ST HT M- HA M M — N
77 H2 #—7577 H3 M — RIS 2, 5 H A
AR IR AR AR B A T — BB TTE 42 v
FEA ) H2—H3 AHAR & R A B A AR 2RI AR Ak T
SEMA G EE S RPN, ZX AT, RS
WI-NC [EWAMEHEMEIR 150 R )5 H2—H3 A8
JERSAE AL, TAES NC IEMM R KA HE S
BRI R AR K WM. 5T, FEd NC
FEJEFR 150 Y5 1 H2—H3 A R 2 0.054 V
22 0.085V, M5 A8 10 L 2 B K, #
il WI-NC fJHLE 25 i1 0.046 V AUIE % 0.055 V(E
8c)o MLAL, BT B RS I BEL A i 1) o [ 5 4
RE LA (B 8d), Horr, DX 2 B X R
T o i B RS B (Ry) »  MIH X 0 46 M B AR R
Warburg FH$T(Zy). H EIS #M& 75 2IFE 5 NC. #f
i WO.5-NC. FEf5h WI-NC. #£5 W2-NC ) HL 7
BRI Ry 20 %) 245.4. 170.3. 97.7. 147.3 Q.

(a) NC sample after 150 cycles

(c) W1-NC sample after 150 cycles
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(b) NC sample after 150 cycles

(d) W1-NC sample after 150 cycles
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Fig. 9 FESEM images of samples after cycle
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