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W OE. DEEAE, BREMERIEN, RAMARMBRNET 350~700°C FHEEM
PACFES 4 T B F A EARSR r-LiMnO» ¥HERER . X SRS RN, RAZKEED
M FEE S LiCoO, RA MBI AR, | F Mn®t 9 Jahn-Teller 24 W fff r-LiMnO, 5E# %4
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diggREs 57 AT, B LiMnO, FEE “BAb” 3%, METFAREE Lit RS
St Ha E B @-NaMnO, #1849 Nat i 18, BB — R IELEH B A o-Li,MnO, 156, 3T
M M3+ 3 — 2 EALEL Mn* TITE LR & A 251, B4 B R LiMnO; — R 7ER
SBESSHRESAT A 128 BRAMEYTEREEENELD R Li;MnO; HRK,
HETHAEBIRLRS 3V LA AREGIRN 4V LEARM™E.

13 T A B 2 48 AR IR 7E R BE 1R (<100°C) FREFIALZR Y, %EER A
A IERENZ AR R Ak B T T B0 B 24 i & SCik e 1418 RSl
e, RN SR YRR, REBEAERENESRTEE N 11 WETEE. ZaTHRE
EESSAT T 350~700°C B4 553 18§ k454 55 LiCoO, HAH R #) r-LiMnO, #:4,
(B4 P2 IR B 75 T 600°C B i BR S R 20 R AH . FERCER Pk B MR S5 SR 00, 1 F 500°C 4%
BEEFBNERARAL — 3V ARETE, FEERRIBTRELAEBH VT
LR HRBFEAN AV FEHIEL. TRET 600°C AR EAH 3V A 4V B4
KB TE, XEHHPEEHRAEE RFRE L.
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2.1 HENE&E

WA EILE () MER (Ohd) R—sWARE, TERFADHE 30min, K
J& IMNAH B B AR B B ER AR (A4 4E), IR & BF 8 60min BBk k. bR opia ki
150°C T E 25 T4 24h, BHAAEFRATRE. HZMBEESSKKKATHRERE B 12h, 5
EREARIHR 350, 500, 600, 700°C, Mt ¥ HE=Y).
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Fig. 1 XRD patterns for r-LiMnO2 powders

prepared at different temperatures

Fig. 2 Powder XRD patterns for 0-LiMnO:
and m-LiMnO»

2.2 #aihiid 5RE

B A% B ) 4 R b 3R Bkt 8 89 LiMnO, FIZ AR B R B, RN Z ARG H U 8:1:1
MEREARBAHY, BRERBESNTAERNMARE LHBERS, 80°C THZET
MR 24h. B TIRIFAER S ENER, &BER N MK, Celgard2400 HFEHE, BFEBH
PC+DMC(L:1 4 H)+1M § LiPFe, ZEE RS AFER N AR R T Hi . TR MBI
PN 58 3 2% 00 15 B3 L T A BRA A 4 = #Y Land BTI40 Bt iR R 4, WA RBEE, W
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AR N 0.2mA /cm®, R A B EEE N 2.5~4.3V. 13K X FHEM5 2R A H A8
(Rigaku) D/Max-3B X 7 411%, Cu/Ka. B FA75 447 % B HITACHI, H-800 3% & e 4%,
200kV.

3 ERFTR

3.1 BENEHSHINR
AR RRE T BRERNRE X SARNE ARSI STHERLE 1, 585
Y 3 BT S (i B 5 SCER S o-LiMnOY) A1 m-LiMnO,[" # XRD B (W0 2 BiR) 2 F
F, Ti5x7 % (SRER:Y R3m) # LiCoO, AR, 34 058t 6 5 EA8 K 7 3k B 5
B RE 5 b X BR AR AR I B N 7 s R B9 1-LiMnO, (%2 (6] 1 BE 0 R3m). MIE 1B W[E i, BEE AT
RaE BRI, WETIEIREERE K, HH (006) F1 (102) M, (108) F1 (110) WK 4= fH B &Y
HNE, X—H4 5 LiCoO, A8, % B4 IR B A FI F M AR r-LiMnO, % & P IH 3 T8 T JF
B (7] {ELRE 600 Al 700°C 4% & i (104) WA U M L — A W (3 * Bk,  20=44°), HWE 55
FEHREG AN (400) B ER M. BT rLiMn0, MRS FRAAHE,
ERRTESHLNRGAMEBES, FHILENET 600°C R h& 4R 56 MEF.
& 3 S 600 1 700°C K 48 T 5 RE 5 R B B4 3 7 40 5 75 HR 4 L B B B X el AR AT 7B
WE, B a/b, o/bM G5 b M ARSI A RS (112] SR AR T
W4T IEHE (a/b=1.633, ¢/b=1.915, @ 55 b #y 3 i 2 90°)1'8) HA —3, #—H R HEBEELH
HHLFREGRIFAH. BEHESRIAY r-LiMaO,, %518 B R #E 5 F 600°C. X 0-LiMnO,
RIBFR M, KBS G F T2 = 60 Fo i 2 Bt 09, (B R 784 30 v 24 51 IK Ao A o B B
& F 300°C B, BIME EEK K5 pend (A E] 48h, BEI YA ME, X SARMHIERE (mE
4 BEAR). B AR B A R 8 A r-LiMnO, 958 2718 1 B 78 350~600°C 2 []. %t F %
A 2 I 4 T A 7 B AR 0 4 8 0 BE T T LA 48 B S BR M AR B Y r-LiMinO, 4 JE B 3E
HEFH—-HHTR.

A 3 7E700°C(a) 11 600°C(b) %5 5efr B8 MV [112] &8l J7 7 84 3% R b 1T 5 A A
Fig. 3 Along [112] crystal axis, selected-area electron diffraction patterns of samples prepared
at 700°C (a) and 600°C (b)

Note: In (a), a/b=1.6348, ¢/b=1.9130; In (b), a/b=1.6272, ¢/b=1.9090; The angle in cluded

between @ and b is 90°

MRAEE 1 B4 i XRD $BEAM N R AHWEES REHERN. RESRGXR, FHAR
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MZRETFABIMNRBESENERL HR IPHIETURL, MESBEFNES, &
it o K, cHIBE RYRREREEEMRY, AtRBRERV ¥L. SR %
& BLAY LiCoO M LiCog sNig 202 A H, r-LiMnO; # c/a WER/D, Ti&MERV fix, 3#
B r-LiMnO; #y c/a WES V X85 18 E 69 8UR 1 H LiCoO, #l LiCog sNig .0, KB L, thE
5FiAR. BT Mo’ BT RRBH Co®t k, 3 H Mn3-0(x1.954) @& W Co’+-0(~1.904)
B, B r-LiMnO, M RBABRARERGHE. W c/a HHZALEBT MnOs NE K
# Jahn-Teller W28 3 B0 & AR 20, W {H R/ B E ¢ BF M a) Mn3+-0 @&
HWERE A Mn®t-0 @K E—%. WNE5TE

H, r-LiMnO; i c/a HF V EZ 8RB E

WA b LiCoO, Ml LiCop gNig2O2 B KB E, XEMH
r-LiMnO, B M EEBBRENARHRE 3
5 & % Jahn-Teller B§25. EH M, SRR EFRE MW

PG EERREAZEENEETZSH.
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Fig. 4 XRD pattern of samples prepared by sintering
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Table 1 Lattice parameters of samples prepared at different sintering temperatures

80

>

52
5.11
3
5.0 Ty,
C—
4.91 —8— LiMnO,
4.8 —8—LiCoO,
—4—LiCo, Ni, .0,

4.7

N

48
120 1

1184 | —®—LCo0,

1181
1144
1121

'/0\‘/5—-—&-\‘

110 Y v T . T T
300 400 500 600 700 800 800

T/°C

B 5 AFEEEEBET r-LiMnO; . LiCoO,
M LiCoo.sNio 202 B c/a {1 V {4
Fig. 5 ¢/a and V values of 1-LiMnO3, LiCoO3

peratures

and LiCog.sNig.202 prepared by low-heating

solid-state reaction at different sintering tem-

Sintering Lattice parameters
temperature/°C a/A c/A c/a V/A3
350 2.8197 13.9354 4.9422 110.80
500 2.8362 13.9536 4.9198 112.24
600 2.8856 13.8349 4.7945 115.20
700 2.9596 13.6596 4.6154 119.65

Note: V=a?xe

3.2 THREBHLE

B 6a ., 6b4>Fl A 500 F1 700°C BB E T B HEBH AR BHE, SHAMVEHRR
BARBIERLE 2 P4V EAETE 3.75~4.30V ZHIWAR. WE 6 TTLLEH, 500°C k¢

fRE—A3VFE, M 700°C KA 3V 4V BT 6.

H3% 2 A, B EIATIA
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A RBRE N TR TR, HRUERERERT 500°0C i, HATE 4V XKHFTHREBFE
SRIBA. WS EEaX RBFRRS B2V BB TERATRATERET

3 308
§ }
5 20 N £
2.5 2.5
L T Li L] T — — T
0.0 30.7 61.4 921 122.8 0.0 32.5 65.0 97.5 130.0
Caparity/mAh.g-! Capacity/mAh.g-1

B 6 7FoRCHEiZk (F a: 500°C #5, B b: 700°C #£5)
Fig. 6 Charge/discharge curves of samples prepared at the sintering temperatures of 500°C (a)
and 700°C (b}, respectively

K2 TEEREEFGHQHXEHREETR

Table 2 Charge/discharge capacities of samples prepared at different sintering

temperatures
First charge/discharge 30th cyclic charge/discharge
Sintering capacities/mAh-g ™! capacities/mAh-g~!

temperature  Total capacities Capacity in 4V region Total capacities Capacity in 4V region

350°C 106.6 12.7 72.8 14.4
(104.2) (1.2) (71.3) (0.8)
500°C 124.4 19.3 105.9 23.2
(131.4) (1.0) (95.4) (0.7)
600°C 1378 65.3 98.6 49.4
(107.8) (40.4) (90.4) (47.4)
700°C 139.5 75.4 94.2 51.2
(97.9) (47.7) (87.1) (50.9)

Note: The values in brackets are discharge capasities. The voltage region of 4V is 3.75~4.3V

A NFTERR M ZORE, 700°C FRA Y

AV EARAL T RERN—RER, R
B R S, XS TR %4%%’*&%
EEREE S O E LN ST 1 I N S S O

% JE I LiMnO, (4 o-LiMnO; #1 m-LiMnO,) 2 30
iy T 4 g R RE A, 342 SRR 5T L=
BB LHAENREEH, N 3V
FROGARBEN VTG, WET vy 87 S00CCHREH S0 KA GER IR
LEA R, M 500°C &5 BIBT 30 K FHCH Fig. 7 Charge/discharge cyclic performance of
EHRME (LE 7) B, 2t 30 KIEFE samples prepared at 500°C
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BEAEAEBWAVEE, RHARERNENRELEREN, EXRBEFRFRAE LAY
B ERBEAHEENASR. NE6TAUEE, 700°CHERKH B LE38VERE
—/NFE, RAXHEREISVELAWABRSTRREETHEERN, ZFEHRBEY
HEREAER/RTH—LHHE.

4 i

L 3R R AR HR B A0 SR 36 W) LA B Bl S A & A 5 LiCoO, Z5HIAHBL Y r-LiMnO, 4k
&Y, EHEKEEEEE 350~600°C ZE. BT Mn* # Jahn-Teller 2 B MnOg /\ T & %
HEEAR, K e BE SRR B AR G54 R L R R R AR K

2. BEERT 600°C WS FHABHRFEAMRK, AR BHAERIY 3V H 4V HA

&, TRPEREETE 500°C U THH R AR BMAZES ERE 13V EE, REBFEFL
BPEHAAEH VIEEM AV FEHANAR, RUZERERIIBIEHREER
SE /Y-

&% 30k
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Application of the Low-heating Solid-state Reaction Method in

Preparation of Multi-metal Oxides Composite
—Synthesis, Structure and Electrochemical Properties of Rhombohedral LiMnO,; Cathode

Material for Lithium-ion Batteries
TANG Xin-Cun!, HE Li-Ping!, CHEN Zong-Zhang!, JIA Dian-Zeng?

(1. College of Chemistry and Chemical Engineering, Hunan University, Changsha 410082, China; 2.
Institute of Applied Chemistry, Xinjiang University, Wulumugi 820046, China)

Abstract: LiMnO; compounds with rhombohedral structure were prepared by the low-heating
solid-state reaction method at the temperature range of 350~700°C. The powder X-ray diffraction
technique was applied to investigate the structures of the obtained samples. XRD result shows
that the structures of these samples are the same as that of LiCoO;. Compared with LiCoO2 and
LiCog gNig.2O, prepared by the same method, the lattice parameter of r-LiMnOs,, ¢/a, is relatively
smaller due to the Jahn-Teller deformation. Selected-area electron diffraction and XRD results
indicate the existence of the cubic spinel impurities in the r-LiMnQO, samples sintered at 600°C
and 700°C. The tests of charge/discharge show that the samples prepared above 600°C have two
voltage plateaus of 3V and 4V, of which the plateau at 4V is related to the cubic spinel impurities.
Whereas, the samples obtained below 500°C present only one plateau of 3V. Especially, the sample
obtained at 500°C exhibits good structural stability in lithium-ion intercalation/deintercalation

processes.

Key words rhombohedral LiMnO,; Low-heating solid-state reaction; lithium-ion batteries



