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Compatibilities of electrolytes with spinel LiMn:O: and LiCoO:

YIN Du-lin, FAN Chang-ling, XU Zhong-yu
(Institute of New Carbon Materials, Hunan University, Changsha 410082, China)

Abstract: The compatibilities of six kinds of electrolytes with positive electrode active materials spinel LiMn2 Q4
and LiCoO2 were studied. The structures and properties of the spinel LiMn204 and LiCoO2 prepared were detected
by XRD. The oxidation potentials of the above electrolytes on the surface of the conductive reagent, acetylene black
were determined by microelectrode cyclic voltammetry experiments. The galvanostatic charge discharge experiments
of the spinel LiMn> O4 and LiCoO2 were carried out in the electrolytes. The results show that if the irreversible oxi-
dation occurs on the interface between the positive electrode active material and the electrolyte, and a thin electronr
nonconductive passivated film covers on it, both the charge discharge efficiency and the discharge capacity of the
positive electrode active material will decrease. This means that the compatibility of the electrolyte with the positive
electrode active material is bad, conversely the compatibility is good. The compatibilities of the above electrolytes
with the spinel LiMn> O are all very good. The adaptability of spinel LiMn2 04 to electrolytes is excellent, while the
compatibilities of the above electrolytes with LiCoO2 are quite different. The adaptability of sample LiCoO2 to elec

trolytes is selective.
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LiCoO> MIZR {1 41 LiMnaOs (L EE B 22 1)), & F
LiFePO4 & IEETFRH .
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v b A B IE AR S AR OS d A LiMna 04 Al
LiCoO27E 6 FiAS [ 41 75 (1) s AR v P 34T T 5 L i
TRORE 257 TH AR
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¥ A BB AT LiM e 04 iRFEAT LiCoO2 iR AE
AT XSS A, PR35 R SR Merck
N AP IR AT LiMn2 O Al LiCoOo A I [ 1%
HEAT X EE . S 56 % H 1l Siemens 2 A 477 )
D5000 A X SFZATHAX, FEFVE N Cu Ko FROES A
= 0.154 06 nm), TAEH L 35 kV, TAEHIR 50
mA, FHEVEE A 10°~ 80°, KA L HAH, K
0.03°, St 0.55.
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Table 1 Grade and manufacturer

of reagents used

Reagent Abbreviation  Grade Manufacturer
LiClO4 AR Acros Co.
LiPFe Battery Acros Co.
grade
N ) Battery
Ethylene carbonate EC Merck Co.
grade
Battery
Propylene carbonate PC ’ Merck Co.
grade
Dimethyl carbonate DMC Batiesy Merck Co.
grade
Diethyl carbonate DEC Bieng Merck Co.
grade
Batte
Dimethoxyethane DME attery Merck Co.
grade

He B FRARVE N, S5 LiCl0s * 3H.0 FIE/K LiPFe
HEEZTEEMAR T 24 h, 5 3 HBEH[EC+ DEC
(1: 1), EC+ DMC(1: 1) 1 PC+ DME(1: 1)]4E
AW AR FEH T 2B H 1 mol/L
LiCl04+/EC+ DEC(1: 1) . 1 mol/L LiClO4/EC+
DMC(1: 1) .1 mol/L LiClOs/PC+ DME(1: 1) .
1 mol/L LiPFs/EC+ DEC(1: 1) . 1 mol/L LiPFe/
EC+ DMC (1: 1) #1 1 mol/L LiPFs¢/PC+ DME
(10 1) 5% 6 Tl .

] DDS-12A T HL AXAE 20 ClllE 6 Fi HL i
W SR, WEIRE< 2% .

Jang S5 V) g e AR R AE IE B 2 THI IR AR AL
N =B R AEAE R R LR R R 2, R A
AR AR IR 230l T ik 6 P iR (s &
FRR R AL AT L SERSR I HARA R . B &
R BER R MR AR P H A B R A T o Fe N, Al S5
oA L M B e, BT R R R B B — A
B . 4 B RO B A PR AE 1 mm KHE 22 25 B 1 1
IR LRI . R A AR RN 5 Bl AR R N A Y P
R, TAEHARCE T4 B oy . K
FH 851 1A Z7 v AR H AN 3 ( JE 32 7K T A 22 AN 4%
]y AT, FHEE R 1 mV/s, FRTER 3
~5V,

FHTE R 7S « R SEIRVER IR fi AT LiM n2 O
RAE L LiCoO2 FE 5 6 M HUAEBIAH A PERT, R
AR B IERE (R A LiMn2 04 BY
LiCo02) « FHLFA( L) SR 457 ( PTFE) 4% i
I 851 100 S BHATARSRA, 15T K
VNS, AR SR AR s AE R BT RR A A . B
HOBR R 2 L Al 38 0 B, LR M IR 44 PTFE
AL, BRRRR 28 T I T FLIBE ( Celgard 2400), 7E
FEA AT N R R S I A Lt L SR
22 Arbin 28] 4271 BT 2000 4 H il ik R 48
HEATSESR . KA BOREIE A L R
15mA/g, FMHEIEHE N 3. 30~ 4.30 V (vs Li/
Lit )[14. 15
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Table 2 Conductivities of six different

electrolytes with 1 mol/ L. concentration at 20 'C

Electric conductivity/

Solute Solvent (mS * em™ l)

Imol/L LiPFs  PC+ DME(1: 1) 13. 60
I mol/L LiPFs  EC+ DMC(1: 1) 8.55
Imol/L LiPFs  EC+ DEC(1: 1) 6. 12
Imol/L LiClOs  PC+ DME(1: 1) 13.05
Imol/L LiClOs  EC+ DMC(1: 1) 8. 18
1 mol/L LiCl0s  EC+ DEC(1: 1) 5.96
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Fig. 3 Oxidation curves of six different E 35F
electrolytes on surfaces of conductive é 3.0 1 i l .
reagent acetylene black '% 4.5 )
(a) —1 mol/ L LiC104/ EC+ DEC; 5 40 /‘\ﬁﬁ
(b) —1 mol/L LiClO4/ EC+ DMC; 35t
(¢) —1 mol/ L LiC10s/ PC+ DME; 30 : - ' '
(d) —1 mol/ L LiPF¢/EC+ DEC; 45 =
(¢) —1 mol/ L LiPFs/EC+ DMC; 40
(f) —1 mol/ L LiPFe/ PC+ DME 3.5 W
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Table 3 Oxidation potential in six 0 (f)
different kinds of electrolytes on y W
surface of acetylene black - . I . ,
Solute Solvent Oxidation potential/ V 0 200 400 600 800 1000
EC+ DEC(1: 1) 4.7 Capacity/(mA-h-g™")
1 mol/ L LiClO4 EC+ DMC(1: 1) 4.8 4 LiMn2Os IKFELE 6 FHR[FAI414)
PC+ DME(1: 1) 4.3 FEL A P TR T LR A e il
EC+ DEC(1: 1) 4.6 Fig. 4 Galvanostatic charge discharge
Imol/L LiPFs EC+ DMC(1: 1) 4.7 curves of LiMn204 sample
PC+ DME(1: 1) 4.3 in six different electrolytes

ATLAVEH, EC+ DMC % F4Ak R 1P LM rE
B UF, PC+ DME K R PTAERE R Z . W
PR P L, MR AR R R, LA
LiC104 VEH 0 I FIPT A8 AL P BEAL T LiPFe 13551 i
Pt aE b T RE .

(a) —1 mol/ L. LiClO4/ EC+ DEC;
(b) —1 mol/L LiClO4+/ EC+ DMC;
(¢) —1 mol/L LiClO4/ PC+ DME;
(d) —1 mol/L LiPFs/ EC+ DEC;
(e) —1 mol/ L LiPFs/ EC+ DMC;

(f) =1 mol/L LiPFs/PC+ DME
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Table 4 Charge discharge experimental data of
LiMn204 sample in six different kinds of electrolytes
No. Eledirolyte Ci D n, C D> N c3 Ds Ny
a I mol/L LiClIO4 EC+ DEC(1: 1) 124. 5 118.0 94. 80 120. 1 117.3 97. 66 119.2 117.0 98.13
b I mol/L LiClIO4 EC+ DMC(1: 1) 126. 2 121. 4 96. 16 122.7 120. 5 98.19 122.2 119.9 98.08
c I mol/LL LiCl0s PC+ DME(1: 1) 128.2 114.9 89. 63 120.0 114.7 95.58 119.0 114.3 96. 05
d 1 mol/ L LiPFe EC+ DEC(1: 1) 117.8 114.3 97.03 121.2 120. 3 99.23 120. 3 119.7 99.48
e I mol/L LiPF¢ EC+ DMC(1: 1) 122. 6 119.3 97.28 117.7 117.2 99.59 116.2 116.0 99. 80
f I mol/L LiPFs PC+ DME(1: 1) 127.2 118.5 93.12 122.4 117.3 95. 86 121.4 116.6 96. 05

1 —Subsecripts 1, 2, 3 are order of cycles;

2 —C is charge capacity ( mA * h/g); D is discharge capacity, mA * h/g; Tis charge discharge efficiency, % .

MK 4 AJLUE H, RébA LiMna 04 il E7E 6
TS [FI AL 23 B FL R P e AT T F R 7 B, 3L
FEAT: 1) #H T ERA B, 7R
N FIR (93, 12% ~ 97.28%); 2) #HAT 8 =1E*F
7 BRI A R Dy K ZERIR/N(116. 0~ 119.9
mA * h/g), 7 EAE b Z RN 96. 05%
~ 99.80%), 1 H#AR wi; 3) Bl A5 196 20 1 38,
7 BB R AR AE A BTG I E 2 ) T 100% .
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Fig. 5 Galvanostatic charge discharge

curves of LiCoO2 sample
in six different electrolytes
a) —1 mol/ L LiCl04+/ EC+ DEC;
b) —1 mol/ L. LiC104/ EC+ DMC;
¢) —1 mol/ L. LiC104/ PC+ DME;
d) —1 mol/ L LiPFs/ EC+ DEC;
e) —l mol/L LiPFs/EC+ DMC;
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(f) —1 mol/ L LiPFe/ PC+ DME
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Table 5 Charge discharge experimental data of
LiCoO2 sample in six different kinds of electrolytes

No. Eledirolyte Ci D n, C D> N c3 Ds Ny
a 1 mol/L LiClIOs EC+ DEC(1: 1) 163.3 158.0 94.77 158.8 157.0 98. 84 157.3 155.7 98.98
b I mol/L LiClO4 EC+ DMC(1: 1) 170. 8 153.1 89. 64 160. 3 151.3 94.38 154.3 149.0 96. 55
c I mol/L LiClO4 PC+ DME(1: 1) 185.2 150. 8 81.42 157.3 146. 6 93. 19 149.5 143.2 95. 82
d I mol/L LiPF¢  EC+ DEC(1: 1) 162.3 158.7 97.98 158.2 153.2 96. 45 150.3 146. 8 97. 67
e 1 mol/L LiPFs EC+ DMC(1: 1) 176. 2 141.7 80.42 150. 1 136.0 90. 61 138.0 131.3 95. 14
f I mol/L LiPF¢ PC+ DME(1: 1) 161. 4 154.7 94. 85 153.2 144.3 94. 16 141.4 134.7 95.27

1 —Subscript are 1, 2, 3 order of cycles;

2—C is charge capacity, mA * h/g; D is discharge capacity, mA * h/g; Tlis charge discharge efficiency, % .

RETE BN . Bk 6 PSR 4143 1) H v AN T
73 LA LB TR B R T PR A AT 70 i, ARV R
W ERGHE IR IRBAERE D M7 | JBHRE
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AT AR AR AL SRR
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20% o MAESE = a7 PO & o M T B
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2 10% M 5% ity o FIRF SR PIAS AT A S
JE A =) R 2 —Fh 78 35 75 LiCoO2 1A 2% [f i 4l
o R e N B S (E K- ST NV B
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gt BTk, m UL LiCoO: i #E 5 2R &
LiMn2 O RFEHARA R, 75 ik 6 FiA R4 40 1
iR, 78 BCREREZERK, AN LiCoO: iFf
L5 R AR A IR R . R 6 MR A4 1)
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)%%ELMmmﬁiﬁsﬁ%%%%ﬂm
MAEMARAR AT & PEIR 3, {H LiCoO2 X 25 Fh
FH AR AR M 22 B IR BRI AR 0

3) %t LiCoO: 15, Eiﬁ6ﬁﬁ%%%ﬁ¢u
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