48 B 10 W Ei Evg; %ﬁ h%é jc& Vol. 48, No. 10

2020 4 10 A JOURNAL OF THE CHINESE CERAMIC SOCIETY October, 2020

http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20200202

AIPO, A7 Uit Lig167Ni0.167C00.167M No 5O £ 55 1~ Hijth
IEAR AR R G PR R 5

EE#% & %, #UE, KIH
(BAETAL RS ST AR, TR S PRME T2 3%, &2 230000)

2 W ILYTIETE S K Ly 167Nio.167C00.167Mng 5O, IEFRAA KL, FELL AI(NO5);:6H,0 KoHPO, 78 ME FY R DU iy S 27
DIFF MR- ERNIENEMER, BT HER pH EEH AIPO, M RZ S5 AEKER, MWWEE MM E
Liy 167Nig.167C00.167Mng sO, BUHE K 2 5107 AIPO,. HIFFE 7 ANA AIPO, B B4 Liy 167Nip 167C00.167Mng 5O IEFRAT L HLAL
PERE ISR o 45 RE T : 1% (BT BOAIPO, T MBI & i s s B 25 B PERR(0.1 C 1 P8 HL 28 B T 15 21 265.9 mA -h/g)
MR ARV BE(0.5 C IHFF 150 IR B IRIFEN 88%). AHEHHIIL R AL 2B AR T AIPO, EL78 et RELLE T ML AR S5
PR B R, i T T RO R RS AL BB, L it RCREOE 3.17x107" em®/s #2515 9.03x107"° em?/s,  H
P2 BEATE N 152.92 Q FRIKZ 62.27 Q.

R MR U EHIERA R W BERE g
FESKS: TMII2  XEIRERS: A CEMHS: 0454-5648(2020)10-1512-09 15w
P4 AR AIE) . 2020-07-27

Modification of Lij167Nio167C00.167M Nps02, Cathode M aterials by AIPO,4 Coating for
Enhanced Cycling Performance of Lithium Ion Batteries

WANG Tongzhen, CAO Jun, YANG Zeheng, ZHANG Weixin
(School of Chemistry and Chemical Engineering, Hefei University of Technology, Anhui Key Laboratory of Controllable
Chemistry and Material Chemical Engineering, Hefei 230009, China)

Abstract: A Li; 157Nig167C0¢.167Mng 50, cathode material was synthesized by a co-precipitation method, and then a composite
material with a uniform AIPO, coating on its particle surfaces was prepared by a pH-controlled chemical deposition process with
AI(NO3);-6H,0, K,HPO, and hexamethylenetetramine as reagents and citric acid-sodium citrate as a buffer solution. The effect of
AIPO, coating amount on the electrochemical performance of Li; 167Nig 167C00.167Mng 50, cathode materials was investigated. The
results show that 1% (in mass fraction) AIPO,4 coated material exhibits a high initial discharge capacity (i.e., 265.9 mA-h/g at 0.1 C)
and an excellent capacity retention (i.e., 88% retention rate after 150 cycles at 0.5 C). The superior electrochemical performance can
be attributed to the AIPO, coating preventing a direct contact between the electrolyte and the electrode material, accelerating the
lithium ion diffusion and reducing the electrochemical resistance. As a result, Li* diffusion rate increases from 3.17x 1075 em¥/s to
9.07x107'3 cm?/s, and the electrochemical impedance value decreases from 152.92 Q to 62.27 Q.
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Table1l Lattice parameters of samples

Sample No. a/nm ¢/nm cla V/nm® 1(003)/1(104)
LNCM 0.28500 1.41257 4.956 0.09932 1.49
LNCM-1 0.28496 141953 4.981 0.09979 1.53
LNCM-3 0.28603 1.42215 4.972 0.10004 1.45
LNCM-5 0.28383  1.40922 4.965 0.09830 1.34
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Fig. 2 Field-emission SEM images and particle size distribution
of samples
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Characterization of LNCM-1 sample
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Table2 Inductively coupled plasma-mass spectroscopy (ICP-M S) results of samples
Sample No. c(Ni)/(mg'L™) ¢(Co)/(mg'L™) c(Mn)/(mg'L™) c(Al)/(mgL™) n(Ni):n(Co):n(Mn) w(AIPO4)/%
LNCM 24.1 26.7 74.7 0.906:1.000:3.005
LNCM-1 29.8 32.1 88.2 0.6 0.932:1.000:2.949 0.8
LNCM-3 27.8 29.9 83.0 1.7 0.930:1.000:2.970 24
LNCM-5 323 372 102.0 3.7 0.871:1.000:2.933 43

w is mass fraction.

K H X 5 285t B 7 e 3% (XPS) I 7T 1E K A4 )
TLEMA. K 4a AFES LNCM-1 i1 XPS it . H

da®] 0L, FESHEREE Niv Cow Mn. O L&, &
A1E Al Ju 3R - E 4b AFE i LNCM-1 1 Ni 2p &4
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Sat. is satellite peak.
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Fig. 4 XPS spectra of LNCM-1 sample

22 HREEBLEMEE

5a M1 5b JFES LNCM 58E 5 LNCM-1 1£
AR5 256 R R 70 TS B 2% o AR S 2 W R IR 7R T
B G, BEEMNFESE K Coulomb %N
81.2%, W1 T REEMEHR 74.4%. B 5¢ FE
5d J9KE S LNCM KL i LNCM-1 HIEFMR 22(CV)
Bhek. EIRMEIREE R 4.5 V DL BRI B
Li,MnOs HI35 4k, 3.7~4.5 V % 82 Ni* A1 Co* [ 484k -
1M 3.75 V 2245 (34 JR sk 52T Nit A Co* 1iy3d J&t
FEd LNCM-1 /) CV 2k )5 2 B E S EHE &
FREEFEMS LNCM, HHOE SR ERS
THEIER R E ST, B Se /& 4 MFE
7E 0.5C fis % FHEAMEREE . HHIE Se T UL, FF 5L
LNCM B VU 25 54 220.0 mA-h/g, G 150 %
TR R BN 177.1 mA-h/g, BEMEFEN
80.4%. 1 AL7 ) LNCM-1 A4 81 & Uk L 2
HON 225.6 mA-h/g, PEIN 150 XIHH 2 &4
198.5 mA-h/g, BEMRFFRE T 88.0%. Kl 5f

AR R, FE G LNCM-1 £ 0.1 C F
T b 2¥ R B 16 246.7 mA -h/g 38 i £
265.9 mA-h/g, fEHEAFHERELET, HEERE
EIWEGM RS, EEIAET AIPO, B8 75 R
KM, BH AR S EARDRE B B A, #R T
Bl SN R A2, 8N T SEI BRI JEE,  BRAR Ha fip 54
BB, MiAFT LiTBiik, $EmeRseims
B, YHRHEEWES 0.1CH, K& LNCM-1 1
BHEAEJLTKE R REER, UAME AR R
Mgt feE . M Sg BIACHBH AT iR 2 T 5 H R
i LNCM. FEf5h LNCM-1. #f 5 LNCM-3 FIHE
LNCM-5 [ L7 56 7% B BH R 29 1A 152.92.62.27
85.16 Q 1 118.64 Q. MiEMBEMIGIN, HEE
HIL TR T G PR 3

BRAN,  ET I AR AR BT T MR (0 ) S B
P (Z) LA B R, K PER(3), PR
THEEE T HRE(D):

D =RTRA ' F' o’ (3)



1518 - CTERR 2R 400 J Chin Ceram Soc, 2020, 48(10): 1512-1520 2020 4E
5.0
4.0
g 2
& &
S S
S 3.0 E
20 5C2C1C05C02C0.1C 20 5C2C1C05C02C01C
0 100 200 300 0 100 200 300
Specific capacity/(mA-h-g™") Specific capacity/(mA-h-g™')
(a) Charge—discharge curves of LNCM (b) Charge—discharge curves of LNCM-1
6 6
i [ Ist
4+ Ist 4F
< 2nd < |
s | 3rd N
X 2r N X
5 |
S / S
I N_ —
_2 -
25 3.0 35 4.0 45 5.0 2.5 3.0 35 4.0 4.5 5.0
Potential/V vs.(Li/Li*) Potential/V vs.(Li/Li")
(c) CV curves of LNCM (d) CV curves of LNCM-1
300 350
o 250 w30 Fo1C
< <= st 02C
< < 250 fmu_2% .
g 20 ER e e
s S 200 F TN
5 150 F ‘S
g Sample No. £ 150 F Sample No.
S 100 b—=—1LNCM ] e [ NCM
Q Q
= —+= LNCM-1 = 100 F .
= e = ——LNCM-1
2 sof 2 50 ~“LNCM-3
2 == LNCM-5 A =r—LNCM-5
0 'l ' A 'l O ) A " A r A A
0 30 60 90 120 150 0 5 10 15 20 25 30 35 40
Cycle number Cycle number
(e) Cycling performance (f) Rate performance
500 -~ 10
N - - Sample No.
- = LNCM
400 . " + LNCM-1
. - LNCM-3 =
. =0 ¥ LNCM-5 b
300 . - =
o] . " LNCM <
:[\‘] .’ -.- ] 400 / é
- g 30
. N LNCM-5 =
5 200 //”,L;(-"I\;‘l E
3 g LNCM-3
0 1 2 3 4 5
Il Il L lw L L _2 AL A A L '
0 400 800 1200 1 600 150 200 250 300 350 400 450
Z1Q Temperature/'C
(g) Nyquist plots (h) DSC curves
KI5 R AL 2 M e S 22 T 7 RAE

Fig. 5 Electrochemical performances and differential scanning calorimetry (DSC) curves of samples
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Table 3 Diffusion coefficients (D) of Li* ions for four

samples
Sample No. Dx10"/(cm®s™")
LNCM 3.17
LNCM-1 9.03
LNCM-3 7.72
LNCM-5 5.06

F4 AIPO, BB MRS F I IERM B B (L F M REXTEE

Table4 Comparison of electrochemical performances of cathodes coated by AIPO, for lithium-ion batteries

Voltage/V Rate/C First discharge capacity/(mA-h-g") Cyclic stability Capacity retention/% Reference
2.0-5.0 0.2 267.2 196.0 mA-h/g at 50th 73.4 [7]
2.0-4.6 0.1 261.9 [8]
3.0-43 0.5 153.0 133.0 mA-h/g at 150th 86.9 [19]
2.0-4.8 0.5 225.6 198.5 mA-h/g at 150th 88.0 This work

é SN lithium-rich anti-fluorite lithium iron oxide by simultaneous anionic
3 —H ‘[’/ﬁ and cationic redox[J]. Nat Energy, 2017, 2(12): 963-971.
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