21 4 2011

4

Vol.21 No.4 The Chinese Journal of Nonferrous Metals Apr. 2011

1004-0609(2011)04-0796-08

LiC002 LiMn204

(1. 410082
2. 410083)
(PAn) LiCoO, LiMn,0O,
PAn y=94.06% 0=18.39 S/cm (AB) 0=7.77 S/cm PAn
( J=15 mA/g)
D;=60.8 mA-h/g 73=94.56% PAn LiCoO,
LiMn,04 PAn AB 15 30
45 60 mA/g (60 mA/g)
(15 mA/g) (60 mA/g)
LiCoO, LiMn,0,
LiCoO, LiMn,0y4
T™M912.9 A

Dual function of polyaniline in positive electrodes of
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Abstract: Polyaniline (PAn) was produced by chemical polymerization. The dual function of PAn in positive electrodes
of LiCoO, and LiMn,0,4 was investigated. The results show that under the optimized conditions, the yield of PAn is
¥=94.06% and its electronic conductivity is 6=18.39 S/cm, which is greater than that of acetylene black (AB) (6=7.77
S/cm). The galvanostatic experiment (current density J=15 mA/g) with the above PAn as the positive electrode active
material was carried out, and no other electronic conductive reagent was used. In the third cycle, the specific discharge
capacity (Ds) is 60.8 mA-h/g, the charge and discharge efficiency #; is 94.56%. PAn in the positive electrodes has the
function of active materials. The galvanostatic experiments were carried out with the LiCoO, and spinel LiMn,0, as the
positive electrode active materials and the PAn was used as the electronic conductive reagent to take place of AB. When
the current densities are 15, 30, 45 and 60 mA/g, all the specific charge and discharge capacities increase. After charging
and discharging with large current density (60 mA/g), the positive electrode charged and discharged with the original
small current density (15 mA/g). The specific charge and discharge capacities are almost unchanged. It shows that the
storing lithium ions structures of LiCoO, and spinel LiMn,0, do not change.
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Fig.1 Three oxidation states of Pan(a) and emeraldine salt(b)
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2" : m(LiCoO,):m(AB):m(PTFE)=85:10:5
3" : m(LiCoO,):m(PAn):m(PTFE)=85:10:5 2
4" : m(LiMn,04):m(AB):m(PTFE)= 85:10:5
5" Z#Ns:#m(LiMn204):m(PAn):m(PTFE)=85: 10:5 21 PAR
1 PAn
15 30 PAD » ”
45 60 mA/g 3.300~4.300 1 PAn
V(vs Li'/Li) 3 n((NH,),S,05):n(PAn)=1.2:1 An 0.4 mol/L
60 mA/g HCI 1.5 mol/L o1
th 2h tt 24 h
3 15 mA/g PAn 94.06%
18.39 S/cm
1 PAn
Table 1 Optimization results of chemical polymerization conditions of PAn
Sample  n[(NHS:05/  e(PAn)/  c(HCI)/  Temperature/ poljr;rf:fifzgon’ ség’;ﬁ (fi(:g, Yield, f;;ifgg:y
No. n(An) (mol'L")  (mol-L™) i/h i/h V% o/(S-em™)
1 1.0:1 0.2 1.5 1 1 0 85.74 7.76
2 1.2:1 0.2 1.5 1 1 0 89.12 8.21
3 1.4:1 0.2 1.5 1 1 0 90.26 7.64
4 1.6:1 0.2 1.5 1 1 0 89.34 7.52
5 1.2:1 0.2 1.5 1 1 0 89.12 8.21
6 1.2:1 0.4 1.5 1 1 0 90.15 8.34
7 1.2:1 0.6 1.5 1 1 0 91.87 8.05
8 1.2:1 0.4 0.5 1 1 0 86.82 7.73
9 1.2:1 0.4 1.0 1 1 0 88.64 8.15
10 1.2:1 0.4 1.5 1 1 0 90.15 8.34
11 1.2:1 0.4 2.0 1 1 0 86.49 7.97
12 1.2:1 0.4 1.5 1 1 0 90.15 8.34
13 1.2:1 0.4 1.5 8 1 0 88.86 8.23
14 1.2:1 0.4 1.5 15 1 0 86.62 7.92
15 1.2:1 0.4 1.5 25 1 0 81.41 7.03
16 1.2:1 0.4 1.5 1 1 0 90.15 8.34
17 1.2:1 0.4 1.5 1 2 0 91.42 8.85
18 1.2:1 0.4 1.5 1 4 0 91.66 8.76
19 1.2:1 0.4 1.5 1 6 0 91.72 8.71
20 1.2:1 0.4 1.5 1 2 0 91.42 8.85
21 1.2:1 0.4 1.5 1 2 4 93.16 13.14
22 1.2:1 0.4 1.5 1 2 8 93.39 15.21
23 1.2:1 0.4 1.5 1 2 12 93.61 16.93
24 1.2:1 0.4 1.5 1 2 16 93.83 18.29
25 1.2:1 0.4 1.5 1 2 20 93.99 18.34
26 1.2:1 0.4 1.5 1 2 24 94.06 18.39
27 1.2:1 0.4 1.5 1 2 28 93.92 18.22
28 1.2:1 0.4 1.5 1 2 32 93.81 18.09
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Fig.2 XRD patterns of powder samples LiCoO, (a) and spinel

LiMl’l204 (b)
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4 LiCoO, LiMn,0, AB PAn  PAn( ) [12] PAn () ()
(PF¢) PAn PAn
Table 4 Granularity distribution of samples LiCoO,, spinel 3.779~3.861 V(vs Li'/Li) PFs
LiMn,0O,, AB, PAn and PAn after grinding
Samples di/um  dsp/um  dop/um  djge/um 3.132~3.195 V(vs Li+/Li) PF¢
LiCoO, 0.7 2.7 9.6 18.7 PAn  LiCoO,  LiMnyOy4
LiMn,04 9.9 31.5 67.2 106.0
AB 02 04 08 1.7 PAn PRy LI
6 PAn AB
PAn 1.8 7.9 19.8 36.4 LiCoO, LiMn,0,
PAn(after grinding) 0.1 0.4 1.1 3.8
PAn (0=15.29 S/cm) AB
24 (0=7.77 S/cm) PAn
5 AB
5 LiCoO,
LiMn,04 107 S-em™! PAn
LiMn,0Oy4 LiCoO, PAn
AB AB
PAn 18.39 PAn AB
S/em 15.29 S/ecm (60 mA/g) (15
mA/g) LiMn,0y4
25 127.4 mA-h/g 126.5 mA-h/g
6 LiCoO, 168.1 mA-h/g 159.9
6 mA-h/g
15 mA/g
PAn 60 mA-h/g “ 7z
5 LiCoO, LiMn,0, AB PAn PAn( )

Table 5 Electronic conductivities of samples LiCoO,, spinel LiMn,0,, AB, PAn and PAn (after grinding)

opan/(Sem™h)

p/MPa OLicooy/ (1S em ™) Gpinng0,/(10°Sem™) oap/(Sem™)
Before grinding After grinding
0.49 2.05 1.37 2.64 6.31 5.28
0.98 3.69 2.03 3.51 8.36 7.01
1.47 4.95 2.61 4.26 10.22 8.48
1.96 6.13 3.19 4.86 11.64 9.71
2.45 7.14 3.66 5.43 13.01 10.83
2.94 8.20 4.14 5.95 14.18 11.86
3.43 9.09 4.58 6.43 15.43 12.79
3.92 9.90 4.93 6.90 16.42 13.81
441 10.8 5.34 7.31 17.56 14.65
4.90 11.7 5.69 7.77 18.39 15.29
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Table 6 Galvanostatic specific charge and discharge capacities and efficiencies of different positive electrodes
P rti f C t
Sample Cor:l’slz fm::tlsoin d;nrsriryl .ol D/ ol G DY ol G Dy
No. J Aho! Aho! o Aho! Aho! o mA-h-o ! Aho! 0
© positive electrodes (mA-g™") (mAtg?) mAhg) % (mAhg?)mAhegs) % ( g ) (mAhg) %
1 m(PAn)gz'S"_(,D_PTFE): 15 69.7 626  89.81  65.1 612 9401 643 60.8  94.56
15 169.3 160.6 9486 162.2 159.5 9834 159.8 158.0 98.87
30 149.5 1473 9853 148.1 145.8 9845 1482 146.1  98.58
m(LiCo0O,):m(AB):
2 m(PTFE)=85:10:5 45 131.7 130.7 99.24 1228 121.4 9886 116.6 115.1  98.71
60 104.9 97.3 92.76 96.4 923 9575 93.2 89.4 95.92
15 141.9 139.2  98.10 1414 140.0 99.01 140.8 139.9  99.36
15 181.2 1709 9432 1724 168.6 97.80 1712 168.1  98.19
30 162.2 159.2  98.15 161.7 158.6 98.08 1614 1582  98.02
m(LiCoQO,):m(PAn):
3 m(PTFE)=85:10:5 45 145.5 144.1 99.04 144.7 142.8  98.69 142.8 140.7 98.52
60 125.3 120.2 9593  123.8 118.6 9580 121.6 116.4  95.72
15 163.3 160.2  98.10 161.6 160.1 99.07 1614 1599  99.07
15 118.3 1144  96.70 1155 1142 9887 1149 1141  99.30
30 113.5 108.5 9559 1132 1084 9576 112.8 1082 9592
m(LiMn,O4):m(AB):
m(PTFE)=85:10:5 45 107.5 104.1 96.84 106.9 103.6  96.91 106.6 103.0 96.62
60 100.8 98.2 97.42 101.7 97.6 9597  99.0 95.1 96.06
15 115.6 113.2 97.92 113.5 113.0  99.56 113.3 112.8 99.56
15 134.5 129.1 9599 130.0 127.5 98.08 129.2 127.4  98.61
30 124.9 1214 9720 1244 121.2 9743 124.0 121.1  97.66
m(LiMn,Og4):m(PAn):
m(PTFE)=85:10:5 45 120.4 116.8 97.00 119.7 116.2 97.08 1194 1158  96.98
60 110.9 107.8 9721 110.1 1069 97.09 107.9 1048 97.13
15 128.7 126.8 9852 1272 126.7 99.61 127.1 126.5 99.53

1) PAn
LIB
PAn AB
LiMn,0,
2) PAn

(60 mA-hg)

AB

3)
LiCoO,

(6=15.29 S/cm)

AB(6=7.77 S/cm)

LiCoO,

PAn

LiMn204 “ 7

1) C: Charge capacity; D: Discharge capacity; #: Charge-discharge efficiency; 2) Subscripts 1, 2, 3 are order of cycles.
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