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Synthesizing Kinetics and characteristics of LiMnCoOQOx
using as lithiunrion battery cathode material

ZHAO Mingshu, WANG Fei, SONG Xiao ping
( Science School, X1 an Jiaotong U niversity, X1 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 (DT A) with different heating rates, and it could be applied as an
important theoretical principle for preparing LiMn»Os derivants. The active energies of four reaction process are
93.905, 138.012, 158. 148 and 891.496 k]J/ 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 LiMnCoO4 synthesized with solid-
step-sintering method has a pure phase, welldistributed particle, regular appearance and good electro-chemistry
properties. The influence of element of cobalt on Jahr Teller of LiMn204 was discussed in the view point of structur

al chemistry.
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1.1 XA

W PEREE A 1,15 10 1 1 LiOH * H>O( AR,
A 295% ., JEME0) MnO2(AR, 4 290%,
JiER 340 « Cos04( AR) BREER A G E T 150 ML [
HHIR N, X S ERAT S o BT e T & b 25~ 30 mL/
min FIFE R RN P AT, BB 5 HEE>™
Perkimr Elemer Thermal Analysis System .

1.2 RFEHI%

TEZ AT A E, ¥ LiOH * H20 . MnO:
Al CosOs F 1.15: 10 1/3 WEE/R LIRS EREE,
769YP ~24B M & U R A HLE A (K18 25
MPa) J5 & TR/, BN SK2~6 710 #fR
FeCrAl 2, FIFH KSY A ¥ kEE &R 78
AR, Nt Cr/ Nt Si # ARG, SRR AH 5B
PR R N 45 RS VA 11 A AR N R R
LiMnCoOs .

1.3 YR

i HASFE 2% RIGAKU/MAX ~ 3B % X Hf4k
AT AR HEAT X S e AT it 40 A, A Nrfil
ter, Cu Ka(50 mA) S5 IAS, U 58 18 ) 49 18
FE 525K 4354 10 (°) / min F1 0. 02° .

ffi I H A 7 B0 & 4 JSM ~ 6700 B4 i
BRI B IR AL B R B SN, T ENURELYE, R
FHIR AR B Lh* L jpg #% A7 .

F JFC ~ 1100E B &P S A A% i 3 1 v b
—EZ&, ETHARFHKR&4 JELO ~ 2000 #
FI R TSR .

1.4 HALZIER

Y PR AR | Ik SR L A4 5T PV DF LU
HIK85: 10 S(VEMHWR « FHASRA RN
BRWBIT 02 —) R RAEEREIR, B3
EFLAR 150 Bm FEER B, BET o R SE R OE R F,
HBHEL 0.25 g/ cm® . d12 mm x 0. 4 mm )& B4
B Stk e, Celgard2300 % 28 79 I 5 1F B@ i,
Lmol/ LI TR LM la: Ak — W HlE(1: 1) I
LiPFes %Wk ML f# W, 76 A XTWR B R 2% B S

ZKX ~2 MBS FEM N IR SLR #Hth . A DC -
5 HLAL A REIRAY L 0. 1C £ R uEAT 15 HL I 78 i
HSEES, Feir UL EYEE A 5.0~ 2.4V .
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AN FHE G Z I LiMnCoiOa ) 25 4 #7 il £k
B L. 7E5 RERES, e EEBIT 3
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Fig.1 DTA curves of LiMnCoiO4 at

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

tH Doyle Ozawa VA Al 41, 76— & M H N FE a
N fElg B~ TTIORARMEZ, BT R ALNARE
- 0.456 7TE/ R v+ 5LAEAN VI 25 SN B BE 28O0
W EE . B 2 i oA B Doyle Ozaw a 3£ 3R 18 75 4L
BB 1g By TR R M (B 2 th AN 1 10 4% it
LA B IERIRE RS R IVJE N 10% 85 nE] 100%) .
R 1B T & HERHERAF AN [F] B N B RIS AL e
MHMRREL .

HE 1FH, 56— AR RE &N B 3G,
%NS R ) R TG AL RE RIS, RT A4y 3 ANBY
Br: 153.689~ 103.381 .103.381~ 84.019 . 84.019
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Fig.2 Curves of IgBvs 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)
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Table 1 Energy and relative coefficients at different reaction degrees for each peak
Reaction degree/ E\/ E»/ Es/ E4f
Y1 2 ¥3 Y4
% (kJ* mol™ 1) (kJ* mol™ 1) (kJ* mol™ 1) (kJ* mol™ 1)
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. 484 - 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, HCPIME, 55— AU LW
TEALRE A 94. 138 kJ/ mol . [, 25 /NI B R
VS X B B s N B ()38 I A R, 38 AN A
A R MIEALRE N 143. 670 kJ/ mol . 55 =N I&1H)
FULIE AL BERE N BE AR AT AR 4k, AT LA 3 A
B Bt 191.244 ~ 150.202 kJ/mol . 150.202 ~
145. 229 kJ/ mol F1145.229~ 194. 016 kJ/ mol, %
SN 38 R V5 1L BE 4 158. 669 kJ/ mol . Z Y
AN 1) 2 VLS 4K e B S I FBE T 386 T 3 oK, 28 A
S P T~ 35 2 WL AL BE R 940. 519 kJ/ mol .

SR IAF T AN R I TE T IR A IR A A
PO IEAEIR R, MRIE Kissinger 3%, LA In( B/ T2.)
(Tow NUEAEIE ) 5 Toa /EH, W B &R
- E/RUFHEBANERTEIGRE, B3 BTk 4 NER
In(/Th)~ 1/ T2 .
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Table 2 Kinetics parameters for different heating rates using Kissinger method
B Peak 1 Peak 2 Peak 3 Peak 4
(K*min™") 7,/K [ n Ax100"? Tu/K I n Ax1076 Tu/K I n Ax1077 Tu/K I n Ax10"%

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 k]J/ mol
y= - 0.982 y= - 0.975 y= - 0.916 y= - 0.904

FEANEE PR MG AL BE 73 7 B Doyle Ozawa
AR Kissinger VEVIEL, BOPIME, KK 93,905,
138.012, 158. 148%1891. 496 kJ/ mol.

MR R SK I ) #SH)E, #E—2
RVHLE . Satanva WA AR BAE TG R /> [ B 1] 8]
M, JESERFErT UG BOR SR R . R =

1@@%??%?: E(1- ", Arrhenius A3 &k =

- L wmren, v

Aexp
5l 2k
ﬁf: 1. 189 x 10" exp| - %%%I (1- g"*?
%f: 1. 212 x 10°exp| — 13%5914 (1- a*™*
%f: 3. 545 x 107 exp| - 1?%%431(1- o2
ﬁf: 2. 749 x 10% exp| - &911{—;“%‘ (1- oto

4 AU Fit A 1) ¥R BE S [ K BUAE 320~ 385 K
680~ 745 K . 900~ 980 K 11934~ 1 198 K . HRHEA
AT LSRR A R BT s R 4. SN o b O B
BE(BUEEALER) s ¢ h TR ko RIEREE; ok
RNEH; E G RE, J/mol; A NIREKT; R
HEEIRSARHERL, T K/mol; T HiRSE, K.

3.2 WHERAELR

Ay Ao R TR A I R R 1 A5 A N 7 43 gk
1T, AEEIHr SZ 6 A B8 v S Al B AR 4E T
2, RS BES &R A R TR . Kl 4
~ 6 TR 3R FE LiMnCoOs 1 X SH&RAT5 .
RAGTBRBERIES BRI R .

M 4 41, LiMnCoO. fB K HEI, Fiam

TR, AR A . B 5 PR LA ER B, HES
B, LHERERNS . 64 HT LiMnCoO.
LD AT 5 1 R, RAE AT 5 3 A L0k 5, LiMo-
CoOs RARMA G MBI 8 N FEWTH, 75l
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(440) F1(531), 5K 4 19 X SELATHHEYE .
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Fig.4 XRD pattern of LiMnCoO4

K5 LiMnCoOs ] FEM M H
Fig.5 FEM photo of LiMnCoO4
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3.3 HEMHRR R

¥ LiMnCoOs IEMRAM EHZ 1. 4 15 i SE 56 F
s, BEATEA M REIIAR, 4R OH 2 = R
HF G R4 116.44mA < h/g M 2.72V . Co
TCEM 4s 55 3d Bl b7 IR L U4 N 0. 65,
5.22, tE Mn JCZE(4s 5 3d B _E T 1 D
H40.54 .2.87) 1K, H Co [MJETIB 0 LA IR M
A LiMn 04 S5 FF ) Mn J& I, 5] HE 1
RE )RR g, 8 T80 5 1 72 Horh i i ik 5 RN,
REMEAT 0k o3 2lAE Bl R A 1) L 2 PR ™

MRFFZMAEFEIE, Co TENRTIE
90.125 nm, t Mn JRF#F42(0. 126 nm) 7, 4
Co JTCE MR FHEARKR A DY LiMna 04 5441 Mn
JEFIF, AR B AT LiM na Os = 4 B 38 25 54 1R 35
Sy TR BRI K, A5 5 She Pl 6 P L = 3 10 3 0 45 ) i A2
WIEITTRE, A THE TR MK . K, %
WS BEEAIG T 2l AH AR BRI Fe AL 2 i

ERXHEIR 7S, Mno® 1 Mn* B2 d 3k
ERA R BB T A RIE P AR IR B, #
FOAE I )\ TR I BC A AL B P AR e, BN LS 1 76 W
AL B 3R T BN RR e mel Y L
LrMmo OREAAH A, Mn BCAL A& TE AR 05 4R 52 i
Li M IEH DU AR AR, 22 A0 DY T 4E, B DAAS
FIF Lit B AT, ff Lt MorO R IEKA
BIAESER . AR, Co™ 78\ A5
R T A BN (t2) ®, BA(de ) (dy:)? (dee)? 7 AE,
EASTEAE Jahn Teller 08N, {ERFFEE L, &

TS Co LR K HIIGELIRE ) Jahnr T eller 2

4 e

1) FEHEFEIAN FUARPFEEEK S, 8,
10, 15 F1 20 K/ min X408 BRAE 1) & O FEHEAT T
MWAR, R ABIAFTE 3 ANWARIEFD 1 ARk .

2) FJH Doyle Ozaw a ¥£F1 Kissinger ¥57HH T
E BUR B R BRI S N BN ) 2 . B R TR A A
1) 35 32 W35 46 B MK UK e 93.905, 138.012,
158. 148#1891. 496 kJ/ mol .

3) KM ZWM o, N A DoyleOzawa %
Kissinger 153819 T W TE 48 50« J N 9 0RN A 26 [A]
TEEBEMB) %S, HiE T RN N E)
1%, NIRRT S PRt T EE R
S

4) L LiOH * H20, MnO, fl Cos04 H J5 K},
TR T R B AH 23 Bobe 4502 1) 4% 4K 20
LiMnCoOs4, FJH XRD .FEM 1 TEM 4:#f AJ %13
YIS MARG AR, MR E B, BRI H R
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