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Abstract The electrochemical properties of hard carbon anodes in lithium ion batteries were improved by carbon coating
using polyvinyl chloride (PVC). The reduction in irreversible capacity occured and the reversible capacity increased. It
is suggested that the PVC carbon coating modifies the surface of hard carbon and reduces the surface reaction with
species from air. The degree of the graphitization of PVC carbon was controlled by an addition of Ni, and the effect of
the amount of Ni addition on the electrochemical properties was discussed.
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Fig. 1. X-ray diffraction patterns for samples prepared by
heat-treatment of the mixture of sugar carbon and PVC at
1050°C: (a) 0 wt.% (b) 30 wt.% PVC (c) 50 wt.% PVC (d)
70 wt.% PVC (e) 50 wt.% PVC, 7 wt.% Ni.
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Fig. 2. X-ray diffraction patterns for samples prepared by

heating the mixture of sugar carbons and Ni contained PVC

BOwt.% PVC + 7wt% Ni) at various temperatures:
(@) 700°C (b) 900°C (c) 1050°C.
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Fig. 3. SEM images for (a) sugar carbon and (b) sugar
carbon heat treated with the addition of 70 wt.% PVC.
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Fig. 4. Charge - discharge curves for the first cycle of
samples prepared by heating the mixture of sugar carbon
and PVC: (a) 0 wt.% PVC (b) 30 wt.% PVC (c) 70 wt.%
PVC.
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Fig. 5. Capacities vs. the amount of added PVC for
samples corresponding to Fig. 4.
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Fig. 6. The differential discharge capacity vs. voltage
for samples corresponding to Fig. 4: (a) Owt.% PVC
(b) 30 wt.% PVC (¢) 70 wt.% PVC.
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Table 1

Electrochemical and physical properties of the PVC coated sugar samples

Sample Treatment  1sty capacity  1st,, capacity (mAh/g) Irr. capacity BEZT SA

(mAk/g) 0025V 02508V 083V Total©3V) AV (m/e)

S1 None 576 214 101 102 417 159 32
1050°C

S2 PVC 30 % 574 241 98 93 432 142 29
1050°C

S3 PVC70% 571 247 102 97 446 125 12
1050°C

S4 PVC50% 569 225 106 125 456 113 24
Ni7%
700°C

S5 PVC50% 555 200 112 114 426 129 102
Ni7 %
900°C

S6 PVC 50 % 514 201 92 89 382 132 46
Ni7%
1050°C
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Fig. 7. The differential charge capacity vs. voltage
for samples corresponding to Fig. 4: (@) Owt.% PVC
(b) 30 wt.% PVC (c) 70 wt.% PVC.
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Fig. 8. Charge-discharge curves for the first cycle of
samples prepared by heating the mixture of sugar carbon
and Ni contained PVC (50wt.% PVC+ 7wt.% Ni).
(a) 700°C (b) 900°C (c) 1050°C.
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Fig. 9. The change of capacities with heat treatment
temperature of the mixture of Sugar carbons and a Ni
contained PVC (50 wt.% PVC + 7 wt.% Ni).
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Fig. 10. The differential discharge capacity vs. voltage for
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