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BERANESENHEE. LT REES N LIOHH0 MBKE | KR, LIOH M9A(E 28)
BB, FALMINE T 3 TR
2.3 BRI

HEmE, ®RE. PVDFERTABRNE, A~ —FEFREEEK 85105 )RS,
B TF g2 mmx0.2 mm BEMEREAL, MFERFEER, 2 mmx04 mm EHERE,
Celgard 2300 R R RHE AW, @0 B ER | mol/L LiCIOJPC (BRMFEER)+DME (Z -
B HEER) (1:1) B, 5L mol/L LiPF/PC.HER — Z85(1:1) WRCEFIEERBEHBA ), 4l
EEN HESEEANER TR Em. f DC-5 At dib PR diR i LR ER T AR
WA TR A, EEED 01 CH 02 CEBTAMMTEAERARELY. REE
HETR A 24~55 V. BARGHE 101 FTatlh, SN0 3%, ISR
2.4 EFTWAET

LUk A @ B, TE &8 LiMn0, T 24, @it A, B, C, D. E HERK
AERHTE, BT LR,

AEE . EREREL: 04571, A;; 0501, Ay 0.55/1, Ay 0.60/1, Ay; 0.65/1, As;

B HE & 2 REFHEECC): 400, By; 450, By 500, By, 550, By; 600, Bs;

CHRE—3 3 WRMBECC): 650, Cy; 700, Cy; 750, Cy; 800, Cy; 850, Cs;

DEEF 2K B3 RREEERMRb): 6,7,D;7, 8Dy 8,9, Dy;9,10,Dy; 10,11, Dy;

EHE HSHE(ml/min): 0, Ey; 5, By 10, E; 15, Eg; 20, Bs.
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Table 1

Orthogonal experiment design and resulis

No. A B C D E Discharge ratic-capacity (mA h/g)
1 1 1 1 1 1 87.04
2 1 2 2 2 2 5223
3 1 3 3 3 3 65.11
4 L 4 4 4 4 120.10
5 1 5 5 5 5 97.25
6 2 1 2 3 4 121.00
7 2 2 3 4 5 56.89
3 2 3 4 5 1 60.68
¢ 2 4 5 1 2 5155
10 2 5 1 2 3 116.00
1 3 1 3 5 2 66.33
12 3 2 4 1 3 4230
13 3 3 5 2 4 96.57
14 3 4 1 3 5 140.10
15 3 s 2 4 1 117.30
16 4 1 4 2 5 71.84
17 4 2 [ 3 1 5122
18 4 3 1 4 2 119.20
19 4 4 2 s 3 118.40
20 4 5 3 1 4 130.10
21 5 1 5 4 3 83.87
22 5 2 1 5 4 141.80
23 5 3 2 1 1 129.80
24 5 4 3 2 2 110.60
25 5 5 4 3 3 100.70
ki, 84346 86016 120828  88.158 85.368

k2, 81224  6B.888 107746  89.448 78.002

ks, 92520 94272 85806 95626 85.136

kqj 98.152 108150 79124 99472 121.914

ks 13354 112270 76092 96892 99,176
R 32130 43382 #4736 11314 43912

i

I 2b) i TEE AR BN 045, 0.55, 0.65, HEESHBS ml/min)KUH R i8R HE
(450°C {288 8 h, 800°C{EG 9 W) T £ 4 B LiMn,O, i1 X ST FTHHAE, mEfm, @S8R
K% 0.65 B, LiMn,O, MEEIAEET, HEHZRMAMD, B SEEERILY 045055065
K, LiMn,O, SRR ~H4r514 39.67, 35.21, 28.32 nm, 37 8 i &~ By 48 4 158 /1 Eh388 o i 2 38 kD
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Fig.2 XRD patterns of LiMn,0, synthesized under different conditions
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B 2cyE s TREEAERILY 0.65. MREEHE. ARFSHETHH LiMnO, ¥ XRD H
% HHEERENEN FEAED, SMEQTE. SSHERNO0, 10,20 mimin B, YHEE RK
Ret4ri%4 30.22,35.21, 39.67 nm. AR, M LiMnO, PRI, EREZMNFFE,
IHAFHETAN A, EEERPERRE RSy, SAMNESORE, B4
BETHANSMAEY. fik R, BHELYHNESHER BB LiMn,O, i B E &4,

B 388 T A KRB B R B SR T Al LiMn,O, B SR T REB R ks sy, He
R E 20a). BERERNTHE, SRR T8 19.03 nm #0F 36.27 nm, FH LiMn,0, ) S H K
MEERARIMEN, SR FERSFHATHELNSOBEENTLREL R TERNE
PR Mot SRR, KIRERE FEREERNERTHRN. MY NRFERAAT
Mn", BiLIERREMERER T, SENSKRERATRENNSEER RS2, ERENE
WRE T, LM, AFERMNERENAS, B MEsER, RNfrHe, AeEngaE. HH
MATHEREASER TSR AN A X, FHERSHEM, MRS TSR MR
B, ENEARENASE. FENSARTRNSHEST bR 14, 83 RREEEEER
LiMn,O, 5 Bk 2R T EEE, Brilisdl R R b2 4 &84 LiMn,0, FXig.
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Fig.3 Relationship of LiMn,O, Fig.4 Charge—discharge curve  Fig.5 Discharge ratio-capacity vs.
crystallite size with temp. of LiMn; O, recycling number of LiMnyO;4

4 LiMnO( R fb ¥4k 5 Jahn-Teller 3R

AT EBERN 028 mA. FERABBEN 2.4~55 V £ T W LiMn,O, ) B fb 4 hE, &E
W4, FTREREMAR 1 F No22. M, REHEEPE, RBb TAAESRE. M5 HiEE
B 4, BRNGHERRT 190 mAhvg, EFRER, BT 4 KI5HEN 100 mA-h/g.
REAAELEABAERY, @R TFNENEHSIRLSTEHNEE, RILTFREGHHEEN
FAf RN, LiLiMnO, S¥BR A R IOE MM R Bk 2 MK X SR —, Thackeay '
HIET LiMn,O, BRI P E SR NT B S5 EE SR 3 v EEARFRER 2. Gummow %53
E T R4 Jahn-Teller B Li-Mn—-O RFAERMENEGSE, R M* BFIRER/ 2
57 Jahn-Teller (Y, AEME4EH LiMnO, Hyei{b2dbee. AR AW, EEMBIEET, 48
LiMn,0, R L A B4 .
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B, GETEENTHER —afm 8 SRR, W 4 A NEEERRR 8 A
mAEB, B o1 MEEF S OEERR, 2 MEET S\ EERR, SEFLTEOITER
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4a(0,0,0)#1 dc(1/4,1/4,1/4). FERERITREY, @& F RSO P U E A KRB, Bk
BARE. R, EETMA 4B LB Aar, 7 Ma"E28N, ey TEEREN
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(3) SR LiMn,O, ¥5 R L B AR ETA 140 mA'Wg, THEFE 4 8h
@) AR AR TRERHEHERE TR R4 Jahn-Teller LRI E,
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Preparation of LiMn,Q, Lithium-ion Battery Cathode Material
by the Multiple Sinter Method

ZHAO Ming-shu,  ZHAI Yu-chun,  TIAN Yan-wen

(School of Material & Matellurgy, Northeastern University, Shenyang, Liaoning 110006, China)

Abstract: The preparation of LiMn,0, by the solid reaction multiple sinter method was studied, in which the
sintered material was smashed, ground and pelleted between two successive sintering steps. The optimum
technological condition was obtained through orthogonal experiments by Lys(5®) and DTA analysis. The result was
that the order of factors influencing the electrochemical property of synthesized LiMn,O, were the thind sintering
temperature, oxygen flowrate, the second sintering temperature, molar ratio of lithium/manganese, homothermal
time in decreasing importance. The elecirochemical testing results of LiMn,O, experimental battery showed that
specific discharge capacity reached 140 mA-h/g and the persisting time up to 8 h at 3V-discharge plateau. With the
standpoint of structural chemistry, the charge—discharge mechanism of spinel structure of LiMn;O4 material was
analyzed and the reason of Jahn—Teller domio effect was also suggested.

Key words: lithium-ion battery; cathode material; LiMn,Oy; multiple sinter method; Jahn-Teller domio effect
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