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Abstract: Nickel-rich cathode material LiNi, ;Co, ,Mn, ,0,( NCM811) has the advantages of low cost and large reversible
capacity, so it has great potential for commercial application and becomes a hot spot for extensive research of new energy ma-
terials. However, high nickel content of Ni-rich cathode materials leads to increased surface structural instability and re-
duced interplanar spacing, as a result the cathode material shows poor cycle performance and rate performance in the com-
mercial application. Based on the preparation of pure NCM811 by coprecipitation method, PVP ( polyvinylpyrrolidone) as-
sisted zinc phosphate coating NCM811 cathode material were synthesized. XRD patterns indicate that I,/ g of the coa-
ted sample with 3% ZnO addition (mass fraction, named NCM2) is the largest, and its ¢/a is bigger than that of the pris-
tine, which means NCM2 has a lower degree of Li*/Ni** mixing. At the same time, zinc ion insertion improves the atomic
scattering ability in the (003) plane. X-ray photoelectron spectroscopy( XPS) , scanning electron microscope( SEM) , ener-
gy dispersive spectrometer( EDS) results show zinc phosphate is uniformly coated on the particle surface of cathode materials.
The capacity of NCM2 after 100 cycles at the current density of 0. 1C is 191 mAh -g™', and the capacity retention rate is
92% , however, the capacity retention rate of the pure sample is 87%. At 5C current density, the discharge capacity of
NCM2 is 43% higher than that of the pure sample. The cyclic voltammetry ( CV) and electrochemical impedance spectroscopy
(EIS) test results show that the electrochemical polarization of the cathode material decreases and the lithium ion diffusion
rate increases after coating, As a result, the cycle performance and the rate performance of zinc phosphate coated NCM811
cathode material are improved.
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16 h B RBEOMA, BRI, TIEIFAF 120 CF
FHEAFRTIRAR, B TSR IR AR R 5 LIOH - H,0 IR A,
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BT 07 P W7 7 SN )| B B 3R e A B UG B o B
3B, AN 1%, 3%, 5% 8 A AL B
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i) s ARG R AR HIK SR A S R, RIEALRE T AN
S R R ) 0 5 R R B SRR B O BR M R
WRFFAR R 0% B FH B CTHLLL 800 MPa JE J3 JRSE, 5¢
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Fig. 1 ~ XRD patterns of pure sample of NCM811 and zinc phosphate
modified NCM811 with different Zn proportions (a), enlarged
regions for the (003) and ( 102 ) peaks of samples(b, c¢), the
curves a, b, ¢ and d in the figure represent NCM1, NCM2,
NCM3 and NCM811, respectively

®1 NCM81I #4i#5 7Zn, (PO, ), BEXMHFRNRESH

Table 1 Lattice parameters of pure NCM and Zn,(PO, ), coated

samples
Sample a/nm ¢/nm c/a 1003y /1 (108
Pristine 0.2877 1.4240 4.940 1.30
NCM1 0.2877 1.4238 4.949 1.32
NCM2 0.2878 1.4233 4.945 1.37
NCM3 0.2882 1.4223 4.947 1.36
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Pl THR . & 40, %A BERIBEE U R IAAE, R
Zny(PO,), M ATEIRIARES, b SCER IS PVP S BY
F8 Zn,(PO,), XT4iEE NCM811 AR E Tk, PVP 4
B HAE T, HEEP— B r5&ERE7E
R R, A ES RS, PVP SUEYNE S Y
SJUTRAE R T, A )E Zn,(PO,), L SIHE
AR RE, hTEAET R R IEE &Y
SI43H, BTAMEE — & A R A, FBOCEAE
Y5 s M4 .

(0]

E2 NCMS811 ZlifEAY SEM I8 F(a) , NCM1 B A SEM BE A (b), NCM2 BE5h ) SEM I8 K- (¢, d), NCM3 #E§h A SEM [
(e), NCM2 ¥ESh Y AEIE (energy dispersive spectrometer, EDS) ZMH7 () K Ni, Co, Mn, Zn, O Fl P JLE MM E (g~1)

Fig. 2 SEM images of the pristine NCM (a), NCM1 sample (b), NCM2 sample (¢, d) and NCM3 sample (e); EDS analysis of
NCM2 sample (f) ; EDS mappings of Ni, Co, Mn, Zn, O and P (g~1)

Sk k2 AR O I JS IE AR R ) T8 2 A R Ak A
A5, R XPS X & #EAT K, B 3 S NCM811 Al
NCM2 FE 5 0 C 1s bR Ja i XPS K, & 3a
A%, 7E NCM811 A NCM2 #EfhH, Ni 2p,,, WEXT I (45
HRENLT 854.2 eV Mflir, FHIIFFLE Ni**(853.7eV) 5
Ni** (854.7 eV) ; Zn,(PO,), W5, NCM2 #f Kl Y

Ni 2p,, VB (R AE S )y ) W%, M NCMSLL ) 853.7 eV
AR % 853.3 eV, Ni (AL MBEILUL Zn,(PO,), 1L
R Zn> B 243k NCMS1L MR ERZ" . Co 2p,
Mn 2p F1 O 1s XPS &3 0665 1 45 4 BE (& 3b~3d) 4331
H776.9, 640.7, 528.2 eV, 435 R Co™ . Mn* | O™
Ut , NCM2 B fhaX 3 AT 2 IEARAS I NCM811 A i
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WIGEZREE, WS AT T RRAR, TR B PRN BOtk J5 R
Tl Co, Mn £l O B & EAHXS IR #1 R, 7E NCM2 #f
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1042.5 eV, 5 Zn> W L5 G RBHET . #E NCM2 #F i G
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K3 NCMS811 4likEF1 NCM2 MG AY X Skt T RETE ( X-ray photoelectron spectroscopy, XPS) AT Ni 2p (a), Co2p

(b), Mn2p (¢), O1s (d), Zn2p (e), P 1s (f)

Fig. 3 XPS analysis of Ni 2p (a), Co 2p (b), Mn2p (c), O 1s (d), Zn 2p (e), P 1s (f) of pure NCM811 and NCM2 samples
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ARIA Zn,(PO,), TIINE Y NCMS11 1E A% #4 ) A
NCM811 ZtE iy I Fe i i i 2k a1 4a o, A el bk
MEHE 2. 8~4.3 V 1Y HL G [ Y B A R i 28 1 A2 Al
B X AFEHUER] Zn, (PO, ), oA £ 08 5 iA i H Ak
SRV LR, ZiAE NCM IE A% M R ) 4 R 25 =
204.5 mAh -g”' . T HACRT SELBERIE AL, B R
FEE UGS AR AE RN Al i i i DAl 1o o
B B PV R T S B TR R RS P, NCM2 B
Sl R AN 206. 8 mAh -gT', ZEFTA 4 DEEGR
i, XATREEM TELRE LB T —# 4 LiZnPO,,
DN T SEL BERTE IE R Lit AL 44 A = & i
HE— R R A0 NCMI FIl NCM3 R S B4 1 Y
HL 25 B0 R 202. 4 F1200. 2 mAh -g™', BE# Zn,(PO,),
St e — 2GR, ARTEMEARE G LR, B AL
AR,

&l 4b AT Zn, (PO, ), BRINE SR NCMS11 1EAR
MOEHRIZIRE NCM811 PG EAPERENZE . NCM2 FE 54 7E 0. 1C
HLIL 2 BE T IB PR 100 J J5 50 L 25 4 191, 1 mAh -g7',

ZARRRRRN 92% , MR BERES Y 87%, TR,

NCM1 1 NCM3 £ 7E46 28 100 J& J5 Bt 25 /43 51k
177.3 #1181 mAh -g ™', NCM2 #£ 5 15 35 1 Ak $2 7 i) 5
K&, Zny(PO,), B ZBH IR T UKL 3R 18 5 H 7 W00 R
FNE, MBI T WUk R T8 A 2 e ok o 78 ot i
o, REZEH SR # I EH S84 Zn™ HEA
FEAR R, Zn® 2B 42(0.074 nm) K Tt SR & T K
Lit et g RIEE Y K, Lit il f2 b ik Apkd K
(b As AT 28 5, BRI, JOURLZ I 2 15 H R VR 2 Mk v
FEIMG R, 4 s B ik O B R s TR, A e 3
AT T Zny (PO,), BUPE NCM8ITT 1 k&
WSHOh o/a (A NCM811T 4l KL 3G, 1w 7] BE 1
K, “HRBLRHET B EERRAT, BT LA IR R b R 2 A
et ., TR R R, ARy R, &
Zn,(PO,), FHMHK, IEMEY A RN, NCM3 A
A 7E 100 WAG G 28 = AR R B, R 90.2% . 3 DX
PERE S, NCM2 B R H 2R A6 210k BE 4 T8 R Bl
A,

&l 4c HAN[E] Zn,(PO4) , TRINFEECPERY NCM811 1EMK
FEHS NCM811 Al RE A AR B 2k, ol 181 AT L i 1
Fih, fERMGERTBOCL SR D, K8t NCM811
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| e A N i i [ RSN i s S 2 2 gl N &
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WL LR RS 3.9V, AHELTF 0. 1C BHAY AL L,
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T SRR B A% T EIS AY Nyquist B e 5 451X 38 H B
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Fig. 4 Initial charge-discharge profiles(a), cycling performance(b), rate cycling performance( c) of pure NCM811 and Zn;( PO, ),

modified NCM811 samples; First discharge curves of NCM2 under different rates (d)
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5 NCM811 ZliAEA NCM2 A FFHE 100 W5 i HL Ak BH AT (electrochemical impedance spectroscopy, EIS)
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Fig. 5 EIS analysis(a)and the CV curves(b) of pure NCM811 and NCM2 samples after 100 times charge-discharge
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Table 2 Impedance parameters of pure NCM and coating modi-
fied samples
Sample R./Q Ry /Q R./Q  Dy/(em® +s7")
Pristine 6.98 32.45 535.2 2.27 x10°8
NCM1 6.51 29. 87 350.3 4.35x107"
NCM2 5.87 23.56 311.4 5.41x107"2
NCM3 6.31 27.68 356.2 3.72x10°8
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Wb RH) SRR ZE R | TESURRAE | JCZRAS S b2 1
SN, TESR LIRS BEER (PVP) AR T , Zny(PO,),
Bo) A fE ki 1, TR TSI EZ . XRD EliE
R, BRI ERA R 1) /10, TEBE Zn,(PO,) ,
WS (B 43 A0 B SRS RS b BRI 3% B
IO RE S NCM2 B T o) /1 o) 1S ¢/a fH HLATRERY K,
FEHHAH L NCM811 2R A ARG Lit/Ni R HE, [H)
B, Zn® 3E N H AR 3 T A AR, S TE R BE TR,
(003) “F 17 N 5 T 8 7 428 T, ot A R NCM2 7E
0. 1C {53 THGFF 100 A J5 25 B AR RE R Ty 92% , HH ELAlRE
ARSI, ERHEEEZ (5C) T, SotJa FE i NCM2
BT H L A AT L AR AR T 43% . SRR 0. 1C &
B3 5C 7 MR F 0. 1C BF, NCM2 FE i 19 258 Bk 2 %
H 87% , ETFRUMEFEH NCM811 1Y 70% . Hifk2EFH T

TE(EIS) S5, BCPERES: NCM2 b Ft i b i HE Ak 27
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