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Li(1+x)Ni0.166C00.166Mn0.6670(2.175+x/2)
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Spray drying synthesis and electrochemical performance of
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Abstract: The layered lithium-riched manganese-based cathode materials Li ;1 Nig 166C00.166MnNg 6670 2.175+x/2) (x=0.3, 0.4,
0.5, 0.6) for Li-ion batteries were synthesized by spray drying method. The structures, morphologies and electrochemical
performance of the as-prepared materials were characterized by X-ray diffractometry (XRD), scanning electron
microscopy (SEM), inductively coupled plasma (ICP), thermo-gravimetric/differential scanning calorimeter analysis
(TG/DSC), specific surface area, particle size distribution and galvanostatic charge-discharge tests. The results indicate
that the obtained lithium-riched manganese-based cathode materials consist of the layered trigonal LiNi;;Mn;;Coy/50,
phase ( R3m ) and monoclinic Li;MnOs phase (C2/m), and show the special porous spherical morphology. When x is 0.4,
the cathode shows the best electrochemical performance. It exhibits the initial discharge capacity of 277.5 mA-h/g and the
capacity retention after 20 cycles reaches 95.3% between 2.0 and 4.8 V at current density of 25 mA/g. The discharge
capacity of the cathode still approaches to 192.5 mA-h/g, even when the cathode is cycled at 500 mA/g.
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Fig. 1 SEM images of precursor: (a) Low magnification; (b)
High magnification
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Fig. 2 TG-DSC curves of precursor
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Table 1 Elemental analysis results of Li;+Nig 166C00.166Mn0 6670 2.175+2/2)(0.3 <x<0.6)

n(Li)/[n(Ni)+n(Co)+n(Mn)]

Sample n(Ni):n(Co):n(Mn)
Experimental Theoretical
Li; 3Nig.166C00.166Mng 66702.325 0.169:0.171:0.660 1.31 1.3
Li; 4Nig 166C00.166Mng 66702.375 0.162:0.161:0.678 1.45 1.4
Li; 5sNig.166C00.166Mng 66702.425 0.164:0.161:0.675 1.51 1.5
Li; ¢Nig.166C00.166Mng 66702.475 0.165:0.164:0.672 1.63 1.6
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Fig. 3 XRD patterns of Li(1+Nig.166C00.166M0.6670(2.175+x/2)
(03<x<0.6)

2.4 TR R AR RE

B AT AR BRI AR RO TSR AN
Yy EEPERERE A i 2 4 Ji7sh LigagNio166C00.166-
Mng 66702.17542)(0.3 <x<<0.6) RFIFF i ] SEM 14,
4(a)~ ()~ (e)NI(Q) LA HLRAL T ¥ it 1 — CRTRL T 3L,
FREMBIRET T RTIRAR RAFIERTEIES,  Agida 2 4L
HUEESI T VAREZSE I 21 Ay (AR S S| B DN v b = ]
AL BEINHRROSE R, AR B m Ak
VEREA R, TR 8 2 I I 1R ko e e A R B
(NS

MK 4(b) (d)~ (DFN(h)yAT LLLER 21— kL 11 1
AR ARE . 4(b) 1] ., Li; 3Nig.166C00.166-
Mng 66702305 FF it B — KL 5~ 4 22 H 4R # 1 o
PSP AR CTE 3 AP 111157 % O R T SN ST (N
(ORI T LU, 5 x=04 1, B0k ik
FABLEPRURLIR, R F IR 25 G 8O BiRS, B2,

IENSEE SR iios = dEabi DT TTE VAN B3 5L iy NS

5 R RS RORLEE 23 A s B 6 BT ARSI
Dso ML R THFARE A x B2 26 W] 5 0 6 o,
BEAE x H9OK, AR SRUREP-REAE 73 A 5 SN 5 K
(e, T bl 2 AR 52 IS 38 5 ek i 3. 4
x=0.4 I8, T3 IR S SORT- 4 B4R f5e /N (Dso 4 11.624
um), R (3.38 m¥g). NIER kR AE
AR TSRS, (TR IR AR,
AR T A B ROV s KR TR T34 0
TEPEY TS MR A T AR, B A 2 S B A
FUSNRERE, S8 IARR) 2 R0 A6 R I 1 45 K
AFREE, M Lz a R,

2.5 EBLFI4EE

N T RIS S AR A 1 B B RS IE RO L TR
PR RE, 7 2.0~4.8 V HLR TS N AT 25 mA/g HLJE %
JE TR AR T PR 70 e A R E IR
iz 7 Fios. K7 RETCUEH, &FES IR
MM&AERNDTHEBRETG: F—1NT 1%
3.75~4.5 V Z ], ISR 2T Nt R A X
N, NI TR, 4 100 mA-h/g (7R R 5
RN 45 VEREK ARG, b E AL E
AR TBOBRFIE T &5 67 6504 Li,MnOs AH 3%
I, LiMnOs &1 1) O 2p B4 A0 (B4 A IS
PERAE LiTe . JER Li,O (A2, i #ig 4
R, LilAsNi0A166C00A166Mﬂ0A66702A425(X:0-5)*?*4 E"]
Li,MnO; 251 A5 A5, K4 229.5 mA-h/g %
o BT ERAKET, LipMnO; i, XM Li,MnO;
AHBR TR A SN, P alk, S 7 hASEREE
N A S K AR e R N 18] 7 TR
Hhek I, 2AF S R DL H 254l LiNi, sMn, 5Co, 0, FI K H.
SRR 5 03.5 V LR S S0 Nit /N
s R R, KT 3.5 V AP E NS b
Mn*/Mn> I 5 56 o A1 B J5USON FRREAT S T H
KEBEFEHR 2R rEA R, R & B = A
Fetko B 7 b ihden] W, 25 S0 & B SE IR RK
PRI B B0 B BT B IR R SRR R 2 . ™Y
x A4 0.3, 0.4, 0.5 F1 0.6 I, FESH 7T A R
N 2632, 199.4, 341.7. 277.5, 362.7. 247.1
A1 325.5. 220.4 mA-h/g, BEIRECEIHIN 75.8%-
81.2%- 68.1%FM 67.7%. BHAEH S =N, MEH
EENEE W GRS Y A RS &V NS N U]



24 %3

# R, 25 LigayNioi66C00.166Mno.6670@.175+02) IEARAT BRI 25 T80 55 e S LAk 2 P g 729

B 4 Lij.yNig166C00.166Mno 66702 1754021 SEM 15

Fig. 4 SEM images of Li(:+,)Nig 166C00.166MN0.66702.1754/2): (), (b) x=0.3; (c), (d) x=0.4; (e), (f) x=0.5; (g), (h) x=0.6
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Table 2 Discharge capacities of Li(1+yNig 166C00,166Mno 66702, 175+v/2)(0.3<x<0.6) samples at various current rates

Discharge capacity/(mAh-g ')

Sample
25 mA/g 50 mA/g 125 mA/g 250 mA/g 500 mA/g
Li; 3Nig 166C00.166Mng 66702.325 199.1 182.9 152.1 1343 101.6
Li; 4Nig 166C00.166Mng 66702.375 275.7 254.5 234.6 210.6 192.5
Li; 5sNig.166C00.166Mng 66702.425 249.1 226.9 195.9 171.3 159.1
Li; ¢Nig.166C00.166Mng 66702.475 223.4 197.4 171.6 150.8 123.6
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