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PE AR, B ZHK (PVDF). Z4 ™ (Super
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Fig.1 Schematic diagram of the sample preparation
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Fig.2 Overall (a) and selected (b) XRD patterns of the samples of
LR-U12, LR-U8, LR-U4, LR
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2.3 BLFEMERES

Kl 5a 2y 4 FE M BIAE 0.1 C AR NI IR FeJ80)
M. PTLUEH, Bl 4.5 v oA
BRI HEF 4. M LR-UI2. LR-US. LR-U4. LR
FR BT B0 2% 43 ) T LIS 1) 314.04327.84.315.5.265.2
mAh-g". BRI IR OB R e, FUEEH 8h
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Table 1 Lattice parameters and the ratio of peak intensity
of the samples

Sample  a/nm c/nm cla IosyI04y  Grain size/nm
LR-UI2 0.2850 1.4223 4991 1.336 68.6
LR-U8 0.2853 1.4214 4.981 1.363 73.1
LR-U4 0.2848 1.4200 4.985 1.441 74.3

LR 0.2852 1.4227 4.988 1.574 84.5

Pl 3 F ot T SIS 0 1 P 5 Sl Rl it
Fig.3 SEM images of precursors (a~d) and product (e~h): (a, ¢) LR-U12; (b, f) LR-US; (c, g) LR-U4 (¢); (d, h) LR



© 3362 -

Wt &R TR

848

2 LLR-U12 a
4t F |l
0 [ PETETIT r’r"i ! Tausd ol 3 aue
o [LR-US b
af e
Qi )| Vead o viunl 4sine
E ORUs c
© 6F
>t P
Al
o il
2 : [:i{“ml PP Ll T .7.:.1...." 1 “:i
4f I
o[ W
0 [ 1 vl Av;’Ara;'; h
0% 10" 10° 10° 100 10° 10

Particle Size/pum

Kl 4 FES BRI A
Fig.4 Particle size distribution of the samples: (a) LR-U12,
(b) LR-US, (c¢) LR-U4, and (d) LR

#2 ERERIARE SR
Table 2 BET and particle size distribution of the samples

Sample BET/mz-kg'1 Dyso/pm Dygo/um
LR-UI2 1057 8.6 20.1
LR-US8 1049 6.48 223
LR-U4 1014 9.57 29.6
LR 95.99 279 628
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Fig.6 Cyclic voltammograms of LR-U12 (a), LR-U8 (b), LR-U4 (c), and LR (d) at a scan rate of 0.1 mV-s”
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TR 5 BEAE TR PR BEAT BT NI, Mn [R50 JsU e 7 8 e a
KT, FRF] 2.5~3.0 V ZIH], Ni Fl Co IR FFA 40—+ LR-U4
v 2 Al 4 s 4 N ~ LR
R o IX A BE A BHIEFR o S5 4 th R N R A
gk, FERPELERE N AR R 2 g
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AIPRIA H L BEAT 04T X 45 Nernst J5 R A AR SR,
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Wi PSR a3 T It R S N e, N T
HIAR AR AL, AT LitE 7o/ i e R v g JE e AN o
eI S M/ Boa ik Re, 1B AR R AT DAL R AR
MEFTE S — . RORL RS AN LG R AR &3, AT 3 n
Li" (R Bt S 55 i R e T R L 4R L AR Sk A,
AEREREELAT v 0 HL A 2 R R R s T,

N T AR AR 22 B 0y 2, R AT
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Electrochemical impedance spectra of LR-U12, LR-US,
LR-U4, LR after 1* (a) and 52" (b)
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7b RIS 52 IXJGTE 1 C MERAHE] 4V 1) EIS 458,
Ta AT AN SRCREE T, 3 AR AR B L
MIBHPT S EL . I G Y, 4 Bl RHE Nyquist hZ6AH 1L,
A AT R R A o B SR IRIE Y, 5
AR LiE R 29 HOHAT, 28 2 A3 Wi s
B BLPT. SR T, R, W HMFER DT, Re N
LifEMBELER Z Y HHPT, Ry NGRS ILYT, Z, N
Warburg AP, ik LifEAAAHP . & 3 il
WM BB SEOT LG 1, S SR Ry F R
PTG HZd oy IR e J5 8 75 8 1 12 h IRIRE S ™
HUBEBT Ry FAELFE BRI R WA 0 LU AR AL BRI ZE /N, &3 52
ARG 8 h [FFE S BHPTI AT AR I FE

FH IL 130 B 7 il B o Rk JRE (4 RO 30 1) 4 BRAL
b, AERPRHBRBTEE /N, RSB A AT Fa R 1 B 3 T

#3 TEBIRES 1REWREFE 52 REFRRERSEH
Table 3 Impedance parameters of the different electrodes
after 1°* and 52" cycle (Q)

Sample After 1* cycle After 52" cycles

R. Rt Rt Re Ryt Ry
LR-U12  3.59 9.36 52.2 6.11 540.0  130.6
LR-U8 3.70 14.1 38.5 4.27 369.2  98.32
LR-U4 3.54 46.1 49.6 7.95 632.3 147.6

LR 3.82 89.6 60.7 10.4 740.7  210.5

3 4 i

1) dz JH 7 4l B L T uE vk aT DL & T AR AR
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2) MR A RUROR RO BN BINAA), AR
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4 301 mAh-g" R EE AR, TR 52 KA #E 1 C P
HARIH 196.4 mAh-g', 1 C FEHF 50 Ya Bk EE %
o 84.84%, 1) T HABKHC B A ROR -

4) B R S A MRHIE I A I R K, R R
BN, AU A R RE

S 3k

[1] Shi Siqi, Gao Jian, Liu Yue et al. Chinese Physics B[J], 2016,
25(1): 18 212

[2] Lu Jiming(/% 3% #), Zhou Yingke(J# £ £}, Tian Xiaohui( H /N E)
et al. Rare Metal Materials and Engineering(¥i 5 & JEM KI5 T
T[], 2017, 46(9): 2744

References

[3]1 Du CF, Liang Q, Luo Y et al. Journal of Materials Chemistry A[J],
2017, 5(43): 22 442
[4] Chu S, CuiY, Liu N. Nature Materials[J], 2016, 16(1): 16
[5] Liu Guogiang(XI/[E58), Li Xueping(Z=27 ), Li Ying(Ji &) et al.
Rare Metal Materials and Engineering(Wif3 &)@ A4 K15 THRE)[1],
2016, 45(7): 1755
[6] Yang Wenchao(#%3Cj#), Bi Yujing(tE E4), Yang Bangcheng(#%
FRK) et al . Acta Phys Chim Sin(¥FIALZ243R)[)], 2014, 30(3):
460
[7] Qiu B, Zhang M, Xia Y et al. Chemistry of Materials[J], 2017,
29(3): 908
[8] Xu M, Fei L, Lu W et al. Nano Energy[J], 2017, 35: 271
[9] Nitta N, Wu F, Lee J T et al. Materials Today[J], 2015, 18(5): 252
[10] Choi J W, Aurbach D. Nature Reviews Materials[J], 2016, 1(4):
16 013
[11] Qiu B, Yin C, Xia Y et al. ACS Applied Materials & Interfaces[J],
2017, 9(4): 3661
[12] Park S H, Kang S H, Johnson C S et al. Electrochemistry
Communications[J], 2007, 9(2): 262
[13] Lin J, Mu D, Jin Y et al. Journal of Power Sources[J], 2013, 230:
76
[14] Fu F, Tang J, Yao Y et al. ACS Applied Materials & Interfaces[J],
2016, 8(39): 25 654
[15] Shi S J, TuJ P, Tang Y Y et al. Journal of Power Sources[J],
2013, 221: 300
[16] Hong Y S, Yong J P, Ryu K S er al. Journal of Materials
Chemistry[J], 2004, 14(9): 1424
[17] Li L, Song S, Zhang X et al. Journal of Power Sources[J], 2014,
272:922
[18] Zheng X, Li X, Huang Z et al. Journal of Alloys & Compounds
[J], 2015, 644: 607
[19] Wang Y, Cao G. Cheminform[J], 2010, 39(37): 2251
[20] Kobayashi H, Takenaka Y, Arachi Y et al. Solid State lonics[J],
2012, 225(14): 580
[21] Qiu B, Zhang Q, Hu H et al. Electrochimica Acta[J], 2014,
123(10): 317
[22] Liu C, Wang Z, Shi C et al. ACS Applied Materials & Interfaces
[J], 2014, 6(11): 8363
[23] Thackeray M M, Kang S G, Johnson C S et al. Electrochemistry
Communications[J], 2006, 8(9): 1531
[24] Johnson C S, Li N, Lefief C et al. Cheminform[J], 2008, 20(19):
6095
[25] Li D, Sasaki Y, Kobayakawa K et al. Journal of Power Sources
[J], 2006, 157(1): 488
[26] Lu Z, Dahn J. Journal of the Electrochemical Society[J], 2002,



210 ]

TRBMAE: P Al D ST i 46 o B E AR )

© 3365 -

149(7): 815

[27] Martha S K, Nanda J, Veith G M et al. Journal of Power
Sources[J], 2012, 199(1): 220

[28] Koga H, Croguennec L, Menetrier M et al. Journal of the
Electrochemical Society[J], 2013, 160(6): 786

[29] Han S, Xia Y, Wei Z et al. Journal of Materials Chemistry A[J],
2015, 3(22): 11 930

[30] Huang Z D, Liu X M, Zhang B et al. Scripta Materialia[J], 2011,
64(2): 122

[31] Shi S J, TuJ P, Tang Y Y et al. Journal of Power Sources[J],
2013, 240(1): 140

[32] Li Jun(Z= %), Li Shaofang(%=/>7%), Li Qingbiao(Z=EE ) et al.
Rare Metal Materials and Engineering(%i 5 & @M k5 T
F2)[J], 2017, 46(11): 3458

[33] Wei Z, Zhang W, Wang F et al. Chemistry[J], 2015, 21(20): 750

[34] Zhuang Quanchao(FE45iH), Xu Shoudong(#5:5F %), Qiu Xiang-
yun(B8#E ) et al. Process in Chemistry(1b2~13ERE)[J], 2010,
22(6): 1044

Preparation of Li-Rich Materials by Ultrasonic-Assisted Co-precipitation Method

Xu Jinpeng, Jiang Jingwen, Huang Haifu, Li Guangxu, Liang Xianqing, Zhou Wenzheng, Guo Jin, Huang Dan

(Guangxi Key Laboratory for Nonferrous Metal and Featured Materials, Guangxi Novel Bettery Materials Research Center

of Engineering Technology, School of Physical Science and Technology, Guangxi University, Nanning 530004, China)

Abstract: The effect of different ultrasonic time on the morphology, structure and electrochemical performance of Li-rich materials

Li[Li¢.144Ni0 136C00.136Mng 544]O> was studied by a ultrasonic assisted co-precipitation method. Results show that ultrasonic assisting can make the

materials more uniform, and therefore the structure becomes more reasonable, which is beneficial to the improvement of the electrochemical

performance. The sample with 8 h ultrasonic time shows the best capacity, and the initial discharge specific capacity of 0.1 C rate is 327.8 mAh-g”

(higher than 265.2 mAh-g” of the sample without ultrasonic). The discharge capacity is 181.6 mAh-g™ at 1C rate after 50 cycles, with the capacity

retention of 84.8%. After the cyclic voltammetry test and the EIS test, it is found that the composite oxide has higher current, lower charge transfer

impedance and better rate performance.
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