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Synthesizing kinetics and characteristics of LiMnCoO,
using as lithium-ion battery cathode material

ZHAO Ming-shu, WANG Fei, SONG Xiao-ping
(Science School, Xi’an Jiaotong University, Xi’an, 710049, China)

Abstract: The discomposing kinetics of lithium manganese cobalt oxides in dynamical oxygen atmosphere was stud-
ied by means of differential temperature analysis (DTA) with different heating rates, and it could be applied as an
important theoretical principle for preparing LiMn, O, derivants. The active energies of four reaction process are
93. 905, 138.012, 158. 148 and 891. 496 kJ/mol, respectively. Reaction orders, frequency factors and kinetic equa-
tions of each reaction were determined by using Kissinger method. X-ray diffractrometry, field emission microscopy,
transmitting electron microscopy, and electrochemistry analysis show that the LiMnCoQO, synthesized with solid-
step-sintering method has a pure phase, well-distributed particle, regular appearance and good electro-chemistry

properties. The influence of element of cobalt on Jahn-Teller of LiMn, O, was discussed in the viewpoint of structur-

al chemistry.
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1.1 X HRETHSH

WEE/RIL R 1.15: 1 ¢ 1 iy LiOH » H,O(AR,
aEE=>95%, FESH) . MnO, (AR, 4iF>90%,
FESED . Co, O, (AR REBIRAFET 150 uL 1
M A, X SRS 5B 7E BB 25~ 30 mL/
min HHBRALKRFH#T, UBHSHEE>

Perkin-Elemer Thermal Analysis System,

1.2 REHE

EERIWTHERM L, % LiOH « H,O, MnO,
M CoO, #1.15:1: 1/3 WE/RLIBERERE, M
769YP-24B R EAEXMEKRKERVER (EH K 25
MPa)J5 B TEHE M, BA SK2-6-10 BEFR
Fe-Cr-Al 4, FIH KSY fHFEBEREFE
MR, Ni-Cr/Ni-Si e B8R, kA EAHS B
BT, RMNEREAHZEZRB G EF
LiMnCoO, .

1.3 #MHERE

i F H A3 2 RIGAKU/MAX - 3B # X §f4&
st O R AT X SR AT 40T, #A Nifil-
ter, Cu K, (50 mA) & 545, s N AME
E5ZKSSHR 10 (°)/min F 0. 02°,

i E A s TR S JSM - 6700 B #H
BREMERSENEEES, HEVCRERE, A
FRMR AR K B A = | jpg B R AR

Al JFC - 1100E B8 F ¥R 5T X e #E i R T b
—REe&B, B FHAHFHRNSH JELO - 2000 #
PG T,

1.4 B4eER

EHEY RS RE ., B, Ki%H PVDF LR
B85 : 10: s(FEHYE. SR SHANKMA
BREHIATAZHORSBAEBRBR, KRB
EFLE 150 pm BN L, BT, EXFMERF,
HBEL0.25g/cm?, d12 mmX0.4 mm K& BE
Kk Ak B, Celgard2300 % B 75 4% FEE 16 bR B,
Imol/LETHRMZIEE: R _FERAO: DMK
LiPF, B Al @, ZEMXBEN 2N HES

ZKX -2 REESFEFNERLE B, A H DC -
5 B AL PR RE IR X DL 0. 1C fE R BT H B Wik
HEK, ERABILEERENS5.0~2.4V,

2 HREWR

2.1 EHMEARNBNE

KR FHE B & i LiMnCoiO, 3 #4447 i £
RE1, 725 RE#RSTUES, LR EAHHAT 3
AR BE T — R, RI\BERSIEML, A
Doyle-Ozawa 1 ffl Kissinger it B & RG & B E
R RMIEEE .
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Fig.1 DTA curves of LiMnCoiO;, at
different heating rates

(a)—5 K/min; (b)—8 K/min; (¢)—10 K/min;
(d)—15 K/min; (e)—20 K/min

f1 Doyle-Ozawa 30 4, FE—E W HE L FE o
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—0.456 TE/R i+t B8 MEM 5 R BB B A & W
WfLRE. B 2 BiR R H Doyle-Ozawa 83K 18 i 15 4k
BB lgp~T ' REMKR (A 2 hEIER 10 Kl
LKNEELERKRERRBEMN 10508 100%) .
£ 1T HEL R REWRF KB RTELEE
K HA X RHL
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Fig.2 Curves of igf vs T™! of active energy for each peak using Doyle-Ozawa method
(Every line regressed by calculating point of symbol 1 - 10 expresses reaction degree of
10%-100% from right to left in each picture)
F1 FMEERRFRRETRECREMAAEXRK
Table 1 Energy and relative coefficients at different reaction degrees for each peak
Reaction degree/ Ey/ E:/ Ei/ E./
% om0 (R mol™) Weml ° emoy
5 153. 689 —0.893 139. 637 —0. 900 191. 244 —0.979 372,052 —0. 940
15 109. 428 —0. 960 156. 989 —0. 761 167. 954 —0.985 469.188 —0. 863
25 111.104 —0. 966 152,773 —0. 764 152. 646 —0. 964 494, 553 —0. 843
35 103. 381 —0.974 149. 930 —0.763 150. 202 —0. 981 610. 275 —0.712
45 96. 879 —0.980 147, 226 —0.761 145. 450 —0.979  1037.294  —0.991
55 90. 705 —0. 985 143, 897 —0. 760 147. 668 —0.975  1071.48¢  —0.919
65 84.019 —0. 989 140. 738 —0.761 146.010 —0.971  1412.297  —0.915
75 75. 474 —0.992 138. 059 —0.762 146, 268 —0.965  2057.007  —0.920
85 65. 514 —0.995 135. 500 —0. 766 145. 229 —0. 945 — —
95 51.185 —0. 996 131. 945 —0. 774 194. 016 —0. 882 — —
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~51. 185 kJ/mol, BUF¥H, F— R FW
G {LEE N 94. 138 k] /mol, [EIBH, 55 MR $hd iy %
R 355 4k BB I B2 I B A 38 I s A PRI, R R p i
HIF ¥R MBI RN 143. 670 k]/mol, =AM
W5 1L BB BE BB B AR LTI AR 4L, AT A4 R 3 A
Br B:. 191.244 ~ 150.202 kJ/mol, 150.202 ~
145. 229 kJ/mol #1145, 229 ~ 194, 016 kJ/mol, %5
= A 3 3% L TE L #E 24 158. 669 kJ/mol, %M
A U6 ) 2 R Ak 68 B 52 B2 B ) 36 I i 38 K, 5B A
W ) S 25 32 W 1% AL 8B 25 940. 519 kJ/mol,
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RIEREMETRE, HHEEERTF I, 3FHKH
R AL n.

Kissinger /€ Z M £ g EH B E (To) 4

32

281

24r

In(8/T3)

20+

1.6 2

Ta'/(1073K 1)

276 2.78 2.80 2.82 2.84 2.86 2.88 2.90 2.92

In(B/T2)

1.16 1.18 1.20 1.22 1.24

Tal/(103K-1)

WRBEERK, FH-THNFETEKX, &

de _ A (_ E\, _ .
ﬁ_Bexp( RT)(1 @) (D
T ToibF -

d (da\_

w(@)=0 @
BRORARD, B

E _An,, .. [ _E
RT;ITZm:;-—F(I am.,) IEXP( R——_—me> (3)
n=1, ﬁ‘:

E _A_( E
rre = g mro) )
n—‘#O, Tl#lq '15:
n(lvam,x)'ﬂ%1+(n—1)(2R;1;mx> )

B (n— 1 CRTma/E)1, RKG)TIEMN

(1 — gpae)™ = 1 (6)

BREORARGB), B3 5K (4)HFE K E 5
K. IEAART « HHEAEK, pHABRER. AR
ARXWOHERERT A, Shh%S8 %K 2,

32

281

241

10(8/T3)

2.0r

1.6

1 | 1 1
13495 13500 13505 13510 1.3515
TaY/(10-3K-1)

3.2

281

In(B/T?)

20F

161 .

Il

103 104 1.05 106 1.07 108 1.09
Tal/(103K-1)

B3 A Kissinger B S MR ERRFARERTH In(g/ToH~ T, #LK
Fig.3 Curves of In(8/T%) vs T.' of each peak at different heating rates using Kissinger method
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Table 2 Kinetics parameters for different heating rates using Kissinger method
8/ Peak 1 Peak 2 Peak 3 Peak 4
(K*min™) T,/K I n AX107? T./K I n AX107¢ To/K I n AX1077 Ta/K I n AX1071
5 344.02 1.065 1.300 1.327 740 0.173 0.524 5.334 807.87 1.076 1.307 3.767 919.78 1,492 1.539 7.002
8 351.01 1.022 1.274 1.062 741.06 0.190 0.549 8.252 820.39 1.329 1.453 4.086 924.47 1.253 1.411 6.341
10 353.1 1.318 1.447 1.085 740.4 0.155 0.495 1.053 827,68 1,150 1.351 4.093 955.86 0.451 0.846 2.027
15 355,29 1,552 1.570 1.320 740.69 0.214 0.583 1.566 857.49 0.996 1.257 2.580 968.28 0.317 0.709 7.606
20 359,82 1,758 1,670 1,151 740.76 0.280 0.667 2.083 860.08 0.824 1.144 3.199 966.51 0.407 0.804 1.233
Average 1.452 1.189 0.564 1.212 1.302 3.545 1.062 2.749
K=—11. 267 K=—15.919 K=—18.959 K=—101. 332
E= 93.673 kJ/mol E=132. 353 kJ/mol E=157. 627 kJ/mol E=842. 472 kJ/mol
y=—0.982 y=—0.975 y=—0.916 y=—0.904

A G R F R M IE LB 5 B Doyle-Ozawa
B Kissinger ¥318, BUF{E, KK H93. 905,
138. 012, 158. 148F1891. 496 kJ/mol,

MRS RRIE 1 %S 8E, #H—5H
R A BLA . Satanva 1A . 8% 7E JC KR /) B B 8] [B)
B, ESFRSBETUERESELE. RERE

FERsE e 9 = k(L — o, Arthenius 243 & =

Aexp(— g ) MBANEBH 4 NHERIER )RS

i) »
%=:1J89x1y%m4—92¥5y1—avﬂz
%%:= 1.212><106exp(—-lé%églg)(l——a)&“4
% = 3.545 X 1o’exp(— 15;%48)(1 — b
%§:= 2.749><1o“exp(——8?;;96)(1-—a)LMZ

4 A~ i Fir b 9 1R TE B KRBT 320 ~ 385 K.
680~745 K, 900~980 K #1 934~1 198 K, Ri#FEA
KRATURBARBETHEREH. T o IR
BEGREER); ¢ HufiE]; k ARMEREE; n N
RRMEE; ERiGEEE, J/mol; A RIEHEF; R
HEERSEER, ]+ K/mol; THEBE, K.
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~6 4Bl A Ak LiMnCoO, B X SH&AT5T. 5
B EERESNBREITER.

ME 4541, LiMnCoO, B RERIF, FIEW
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(440)F1(531), 5 4 i X SHR W HEYE.
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Fig.4 XRD pattern of LiMnCoO,
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Fig.5 FEM photo of LiMnCoO,
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3.3 B{FEEgaRiT

# LiMnCoO, EEHM B 1. 4 TR ELKE
WE . TR AAEME AR, WM LA E AR
B EHEESHIN 116.44mA » h/g f1 2. 72V, Co
TLEK 4s 5 3d HuiE L F B RS FIHA 0. 65,
5.22, tk Mn TE (4s 5 3d il LB F B RS
HI% 0.54. 2.87)HIK, H Co IR FIABARRSR
A% LiMn, O, £5# 5 19 Mn JE-F8f, % F| 8 FH
BBORAHSE, ETEEFEXPHE®RSKRA,
BEGEA M E A R R Bk 2 R .

MEFEEHAELR, Co tENET ¥4
4 0.125 nm, K Mn JEFH4E0.126 nm)/h, %
Co MEMEFRMALRE AR LiMn, O, 5 H Mn
JEF T, A6 R HEERAE LiMn, O, = 4 B% 8 45 ¥ 1 35
SEIBRE R, FERAERE X ENBIEWEE
BEMOTRE, A5 TFTHEBFHRERR. A, &
BCFRAS T A REMNRILESRS,

HAMEREFWE, Mo®  #l Mn'" " 2 d L &
ARESH. EEFARLEREERTAR, &
HEENEBENBEMMEE RS, BAYEE FER
THEAMEFRETHANBER, &
Li-Mn-OZR g A HH 5, Mn B A7 44K 1) I 28 20 4R 5 Wi
Li MIEE WEERR, RPN M EHE, BrlAs
FF Li"EFRxAMBRSY, # Li-Mn-O RIERM
HAERFR. NEKRFES, Co’ ENRERFFE D
B F R BN ()%, BL(d, 0?2 (d,)?(d.)° FE1E,
BALT=4 Jahn-Teller MW , ZERMEE L, §

IERE K Co LR K2 HIFHEMER Jahn-Teller 3
BL

4 it

D EHSEKRKATUARAMABEES, 8,
10, 15 #1 20 K/min M &SRB A SIS BH#HT T
WK, AL 3 PR 1 R,

2) FI A Doyle-Ozawa ¥ fl Kissinger ¥+ 8E T
ARESRENRPI %, FAREFRES g
B3 FE W E fL BB K K . 93.905, 138.012,
158. 148#1891. 496 kJ /mol,

3) RAZEHMH M, M H Doyle-Ozawa B
Kissinger %3k T BB RN B EHE
TEEENHN¥ESE, e TEERE N RN 3
H¥, MERERRAYHRHERETEZENER
R HE

4) Bl LiOH « H,0, MnO, # Co;O, X F ¥},
AESKFATRABAMS B g il & HAKREN
LiMnCoO, , #|f§ XRD, FEM f1 TEM 4} # o] 1 &
YHEMANREBAR, REEXERE, BRNMERE
M. NGt AENSHETTRESRER
AR B R,
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