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Preparation and Electrochemical Performance of High Rate Spherical
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Abstract Layered Ni-rich compound LiNi, sCoy,Mn, 30, has drawn considerable attention recently because high Ni con-
tent contributes to the improvement of specific capacity and the reduction of cost. However, it is a challenge to obtain the
Ni-rich LiNijsCog,Mng 30, cathode with both high rate performance and high tap density because the rate capability is often
improved at the expense of volumetric energy density, which is mostly dependent on the tap density. In our work, an uniform
Ni-rich LiNig 5sCop,Mng 30, microsphere with an average diameter of ca. 5 um and tap density of 2.1 g*cmf3 was successful-
ly prepared using carbonate co-precipitation method, which can meet the commercial requirement for lithium-ion batteries
(tap density=2.1 gecm °, Lithium Nickel Cobalt Manganese Oxides from CETC International Co., Ltd). In this synthetic
route, the 2 moleL ™! mixture of NiSO4*6H,0, MnSO,+H,0 and CoSO4*7H,0 (Ni : Co : Mn=5 : 2 . 3, molar ratio) are the
starting materials, 2 molsL ™' Na,CO; and 4 molsL ™' NH;*H,O are the precipitant and chelating agent, respectively. In order
to achieve high tap density, the stirring speed of continuous stirred tank reactor (CSTR) is as high as 1500 r/min, and the
powder was preheated at 550 ‘C for 6 h and then calcined at 850 ‘C for 14 h in flowing oxygen. Powder X-ray diffraction
(XRD) and transmission electron microscopy (TEM) results indicate that the microsphere LiNiy sCog,Mn, 30, material has a
well-ordered a-NaFeO, structure with stable in-plane [\/g X3 JR30° ordering in the transition-metal layers. Electrochemi-
cal results also confirm that this cathode has excellent cycling stability and high rate capability. Specifically, it exhibits a dis-
charge capacity of 150 mAhg™ ' between 2.7 and 4.3 V at 1C after 100 cycles, with outstanding capacity retention of 94.6%.
At 30C rate, it can still deliver a high discharge capacity of 96 mAhsg™'. Meanwhile, the energy storage capacity for this
cathode is also encouraging. At 0.1C rate, the specific energy (E,) is 687.83 Whekg ™' (volumetric energy density is 1444.45
WheL™"); at 30C rate, the specific energy (E,) is 335.27 Whekg™' (volumetric energy density is 704.07 WheL™"). These ex-
cellent features will make this microsphere LiNijsCoy,Mng 30, material as a potential positive electrode material for com-
mercial high energy density lithium-ion batteries.

Keywords lithium-ion battery; cathode material; carbonate co-precipitation method; LiNiysCog,Mng30,; high rate perfor-
mance

* E-mail: xiaodong2009@scu.edu.cn
Received November 10, 2016; published April 23, 2017.
Project supported by the National Natural Science Foundation of China (No. 21506133).
T H 52 B X 5 AR 223 42 (No. 21506133) % B).

Acta Chim. Sinica 2017, 75, 501—507 © 2017 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn 501



¥ F R

It

1 518

HT, BRI AR D L AT S T R TR AR
ZNHTFRE T RS KRS BaRERR
HERHREN N TR NTH S K R E R
R, & VERE AR AR B R I E AR AR O B
B R PR AR B T Rt — P R R IR, 7R iX
IERR AR, ER = E 8 E AR Li[Ni, - M,]O,
RNHARFE M RERAME L E RS T AN ZH%
FEU 1O BRI, IR AR A 1E 2 — AR AR ) () R
Eb AN 7E FL AR 221 R L FE R P I SRR 2 IR i
TR GE Il FE IR AS 1 Ly —6[Ni; - M,]0,, T3
HAaEMRE. AR, FA NiY kAR E S
fRAE Li; - 5[Ni; - M, O, G5t it — 20 4% 5 NaCl B 2544 1)
Li,Ni; -, O, 5 25 15 Fyth (1) 918 24 £ e 1 A0 s 2 Mk e 3
%[1%13]'

W F 2 B A BT 1R 2 S I R H Ak 27 1 R A 25 1
FEFERZ —, BAA RT3 2O w4 R 20
JE . ERRGERY L RS LA K A P R A S VR L ),
T = n R IERE Y LiNigsCop,Mng;0, 1177
A EAR A R, Rl T R
IKPGEF LT yE k0% Li &V 4 )8 ALY
(C0304, NiO, Fl MnO,) FIEH £ (Li,COs) M AL, SR H [ AH
A HEH 4 T LiNigsCoo,Mng0, MK}, HAE 2.75~4.25
V, 0.2C [ L LE 2580 151 mAheg ™!, 763K 50 IR )5 & &
TRFEFN 93%. Kong 26 R G-It ikl #1581 T
KILLERIF LiNigsCoMng 30, # R}, HAE 2.5~43 V,
50 mAeg ' B YO LLZY BN 167.9 mAheg !, £E 1000
mA~g ' [ KL LA BN 138.2 mAheg ™!, Xie 2518
K WE 5 FERVEA R T KB 45 M LiNigs-
C0Mn;0, #18}, HAE 2.7~43 V, 0.1C R FHIE X
7R 58 A 163 mAheg !, JE3F 50 G IR R AR
4 92.6%. Li ZEOSR FK BG4 58] T BRIEE RIFI
LiNiysCo0,Mng30, M K}, HAE3.0~4.3V, 0.1C I8 Ik
JHL EL 2 A 169.6 mAheg ™!, 7E 4C I AUH EL 2 BEAE
120 mAheg ' KA. fEIREA KT IES, R A L
T AR R B A R BV A, HIR S HAIREER
PR, JGi2:5230 Ni, Co, Mn 7E T2 (135 51 4, TRtk
MBMELL RS G54 SRS 73 A 7 TAFAE R ZE ), rafk
SEVEREANERAR. VA IR L W 55 TR AR kY
FEAE L 2E A AR NS, 15 R PR 50 2% B
AR AR (RE 2% LK), 0 LAk 2 M B 3R A IR,
ANFF Tk N A, BT Bl H R A R AR
LiNig sCoo,Mng 30, M A B 5o e yie ik, 12
AescElid I & B T R R TP SR A, HifilEst
BHE SRR ERE . SR e R A A, M AR
W FEPTTE TP, BRI £k FL ITTE v 1 A R 2% 1 5 Jn e
BGAT, ATEELEYEEFEF N T B 1k Mn(OH), Atk
1708 M SRR BN IR SR 77, MO TAE PR R 35 3

502 http://sioc-journal.cn

VIVE KA £ B8 LiNigsCoo,Mng30, F1E B 5 45 5
R, BATHIFFH LiNipsCogaMng 30, A K} fi 4 4514 58
i, A RIFMIERIEIES, SO /At 5], Akt
Fef S, JOHOR HATHE m A R M RE(30C, 96 mAhsg ).
[E] %A R IR S22 B R (2.1 geem ), B AT RIFH
ik AERE1(0.1C IMLLEE RN 687.83 Whekg ', fAF
Re R 255N 1444.45 Whel Y, H B THIER AL & e
S I Y ).

2 FR5R
21 MRERSFERS T

B 1 ONRE R ) XRD B BRI, PRSI R
RN T IR a-NaFeO, 454, R3 m S [AIRER, %4
HABZIERIAEAE. T Jada6.0 BAE0) P RE S AT RS 511
5, K2 JE MRS EUE 51 T3 1. H-NCM I P-NCM P
FE S LoosyTaon IAE 20 7 9 17071 F1 1.4839, 3 B
H-NCM #5882 b B B M LiT /N2 B 5 7R
HERL2 IR gt F TR HE A i B L S AN ) 32 R
K2Z—, BN Ni*"#EA Li ESBRRAKFEBUE R &
ML E TSR, o/a (B R BRI M =M i
B, FLARBR K, DU AR JE R 7S T i Ak 45 ) e 2
2B R H-NCM (c/a=4.9964)FE 5 Bt P-NCM
(c/a=4.9732)FF it A B INAG JF 1) o-NaFeO, Z5#4). J:T
XRD FI43 4T, T LA EEHHERT H-NCM [ B Ak 22 RE 3
fitF P-NCM.

(003)

(104)

Intensity
—(101)
(006)/(102)
L (105)
(107)
(108)
(110)
113)

\—JL
S - R
[ m LI

10 20 30 40 50 60 70
26/(°)

|
:

Bl1 e XRD
Figure 1 XRD patterns of these samples

F1 KA XRD HELER
Table 1 Refined lattice parameters of these samples

Sample a/A C/A cla [(003)/](104)
H-NCM 2.8534 14.2571 4.9964 1.7071
P-NCM 2.8626 14.2365 4.9732 1.4839
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Figure 2 SEM images of (a, b) P-NCM, (c~¢) H-NCM and (f) particle
size distribution of the H-NCM sample
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Figure 3 (a) TEM image and (b) SAED image of H-NCM sample, and
(c) TEM image and (d) SAED image of P-NCM sample
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Table 2 Fitting results of equivalent circuit from Nyquist curves for the
samples

Sample R/Q R./Q Dyi+/(cmPes ™)
H-NCM 2.7 48.6 3.8x10°"
P-NCM 2.6 149.3 23X10° "2
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X HHERATH (XRD)FH T A RE R AR 2854, AR
RFEFIE A F I PW1730 2 S HHE X 2640 (Cu Ka ¥,
A=1.5418 A), HHEA NN 10°0~70°. F TS
Aok R ) H A H 57.(Hitachi) S-4800 5138 H 1~ i ik
Bi(SEM)BEAT RAEAHT. A RO 45 F43 F H A
T JEM-2100 =43 #%3% 5 H 85 (TEM) #EAT R AEFA 43 H7.
S FH 2 ] 1 2R S0 B ) MIS2000 380 HKEE 23 B At
it [PV RURL B AR L. R A IRYI = T B PR A 7
AP SR JZ-1 B S FE G 28 5 it R IR S5
SR FH 4 ] i Bt 2 =] 1 22 o A B HV(DSC 204F 1) 53 #t
LA A R 5 PR AR R 2 ] ) AR e, R R S Y
200~330 ‘C, FHEHEHE AN 1 C/min.
4.3 MR LSRN

TR L R S5 (PVDF) & U &= LA
80 : 13 1 7IRA, FFMAIERIP N-H L e i 1 B ik
B, R )R R S IR B R AR T b, BER
2R 100 CHH10 h, R JE ¥ TR R EVIRER RN
14 mm (IR, FEAE 20 MPa R & 275 31 B i (59 IE A
B B RS T i T A 34 mg-cmfz. wIGTETR
WRAAAMFERTRKIER A B (). bk
(Celgard 2400)H1 HLfiA R 4H 22 i CR2032 11U, FLf
TN 1 moleL ™" (¥ LiPFq 5 052 £ )7 Bs(EC) FBR R — H g
(DMO)(RFAEL A 10 1), ATAEE =R AT 78 s
REMAR, FERCHHLE N 2.7~43 V, IC=180 mA+g '. F
5 Zennium IM6  HLAL 2% TAE 3% Lt 1 H Ak 2% BH
P (BIS) i 47 MK, I3 40 26 5 [l £ 100 kHz~ 10
mHz, $EFHEEN 5 mV, FRIMEIEH Zview 2 B3t
T B 22 SO B EE L5 4
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