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Electrochemical Intercalation of Li into Carbon 
Thin Films Prepared by Plasma CVD 

TOMOKAZU FUKUTSUKA, TAKESHI ABE, MINORU INABA 
and ZEMPACHI OGUMI 

Graduate School o j  Engineering, Kyoto Universiv, Sakyo-ku, 
Kvoto 605-8501, Jupun 

Carhonaceous thin films were prepared from acetylcne and argon by plasma CVD. The car- 
bon thin films were characterized by Raman speclroscopy and then their electrochemical 
properties were studied by cyclic voltammetry and charge-discharge measurements. Crystal- 
linity of the films prepared at 90W was niuch higher than that at 10W. The difference of the 
applied RF power also effected on the results of cyclic voltammetry and charge-discharge 
measurements. Correlation of applied RF powcr and the electrocheniical properties of carbon 
thin films was discussed. 

Kqwords:  carhon thin film; lithium intercalation; plasma CVD 

INTRODUCIlON 

Rechargeable lithium ion batteries have been extensively studied because of their small 
size and high energy density. Various carbonaceous materials have been investigated as 
an anode material of secondary lithium battery"-*J!. Because carbonaceous materials 
are generally powders, binders are necessary for preparation of electrodes. For the 
study of carbonaceous negative electrodes, carbon thin films are very useful because 
films can be used as electrode without binders, which enable us to study the electro- 
chemical properties of the carbon itself. 

Plasma assisted chemical vapor deposition (CVD) isone of the best methods to 

prepare carbon thin films, however, most studies have been focused on the preparation 
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518 TOMOKAZU FUKUTSUKA ef al. 

of diamond films or diamond like carbon film~[~-'Il. Dense and pin-hole free thin films 
can be obtained by use of plasma CVD. Hence, such films are suitable for electrode 
because their surface area can be precisely determined and the films are electronically 
conductive. 

The preparation and characterization of sp?-type carbon thin films by glow dis- 
charge plasma have been already h this work, carbon thin film electrodes 
were prepared by plasma CVD, and the electrochemical intercalation of lithium into the 
resultant carbonaceous thin film electrodes were studied by cyclic voltammetry and 
charge-discharge measurements. 

EXPERIMENTAL 

Carbonaceous thin films were prepared by plasma CVD from acetylene as a carbon 
source and argon as a plasma assist gas. Films were deposited on substrate of nickel 
sheet whose temperature was kept at 873 K. Applied RF power was 10 and 90W 
induced by RF 13.56 MHz power supply unit. Details about preparation and charac- 
terization of carbonaceous thin films were reported elsewherd"]. Intercalation of lithium 
into the carbonaceous thin films was performed by electrochemical methods of cyclic 
voltammetry and charge-discharge measurements. Lithium metal was used as counter 
and reference electrodes, and the electrolyte solution was 1 : 1 by volume mixture of 
ethylene carbonate (EC) and diethyl carbonate (DEC) containing 1 mol dm" LiClO, 
(battery grade by Mitsubishi Petrochemical Company, limited). The cell was assembled 
in an argon-filled glove box. 

RESULTS AND DISCUSSION 

Ibmmsmm 
The Raman spectra of carbonaceous thin films are shown in Figure 1. Mainly two 
peaks around 1350 and 1600 cm" were observed. These peaks have been known as 
Raman active A,* (due to finite crystal size) and Elg (due to infinite crystal size) mode 
frequencies, respe~tively"~1. The peak around 1620 cm-' is also derived from imper- 
fectness of graphite crystalflJI. As is shown in Figure 1, peaks around 1600 crn-I of EZ8 
mode frequency become sharper and this peak position shifts toward 1580 cm-l with 
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ELECTROCHEMICAL INTERCALATION OF LI INTO CARBON THIN FILMS 5 19 

increasing the applied RF power. Full width at half maximum (FWHM) of the peak 
around 1600 Cm” is reported to be correlated with crystallinity of carbonaceous mate- 
r i a l ~ ~ ~ ~ l ,  and single crystal of graphite gives only one peak around 1580 cm-’. These 
results may indicate that crystallinity of the samples increased with increasing the a p  
plied RFpower, which is also confirmed by the conductivity results[lZI. These Raman 
spectm are similar to that of non-graphitizable carbon in that intensities of around 1360 
cm” peaks are higher than those of around 1580 cm’l [I5’. From these results, carbon- 
a m u s  thin films in this study have partly non-graphitizable structures. 

I 
1300 1400 1500 1600 1700 

Raman shift/cm-l 

FIGURE 1 Raman spectra of carbon thin films prepared by plasma CVD. 

Figure 2showscyclicvoltammogramsofcarbonaceous thinNms.Cyclicvoltammogram 
was measured with a sweep rate of 1 mV / sec. For the first sweep, irreversible reduc- 
tion current was observed from the potential around 0.6 to 0.5V vs. W, however, it 
almost disappeared for the second sweep, irrespective of applied RF power. These 
results indicate the decomposition of solvent and formation of solid electrolyte interface 
(SEI) on the surface of carbonaceous thin film~[’~~’’1. The shapes of cathodic and an- 
odic peaks around OV are very different between Figures 2 (a) and (b). Ln Figure 2 @), 
clear shoulders around OV as shown by two arrows appeared, which may be corre- 
lated with the formation of stage s t r ~ c t u r e s [ ~ ~ ~ ~ ~ J .  From Raman spectrum of carbon thin 
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film prepared at WW, the FWHM of the peak at 1600 cm-' was determined to be 27 
cm-'. This value corresponds to that obtained for carbon heat treated at above 2273 
K1"'. Hence, stage structures can be formed for this carbon thin films. From the above 
results, the intercalation and de-intercalation behavior of carbon thin films was depen- 
dent on the applied RF power. In-situ Raman spectroscopy will be useful for the detail 
discussion of the stage stur~ture['.~l. 

0 1 2 3 -1201 . .  . . . ' .  . ' 

E I V vs. Li/ Li' 

FIGURE 2 Cyclic voltammograms of carbon thin film in 1 mol dm' 
LiCIO, / EC+DEC (1: 1). Sweep rate : 1 mV / sec, applied RF power 
(a) 1OW and (b) 90 W. 
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Figure 3 shows variation of potential intercalation and de-intercalation of lithium 
into carbon thin film. At 1st cycle, very large irreversible capacity around 1.0 to 0.8V 
appeared. This irreversible capacity is very similar to that reported by Mochida et 
a P Y  The irreversible capacity disappeared after 2nd cycle, but, another irreversible 
capacity appeared. De-intercalation curve of sample prepared at 1OW showed about 
550 mAhg-’ of capacity at 2nd cycle and a comparatively large potential plateau ap- 
peared at approximately 1V. These results indicated that the electrochemical proper- 
ties of carbon thin films prepared at 1OW are very similar to those for low graphtized 
carbon such as low heat-treated mesocarbon microbeads (MCMB)i”l. De-intercala- 
tion curve of sample prepared at 9OW gave c.a. 180 mAhg.’ of capacity at 2nd cycle, 
and the ratio of capacity in the potential range 0 to 0.25V to that in the range 0.25 to 3 
V was large in comparison with the ratio of sample prepared at 1OW. It has been 
reported that the de-intercalation capacity in the potential range 0 to 0.25V becomes 
large with increasingofcrystallinity of MCMBI?-’I. Hence, the present resultsofcharge- 
discharge measurements are quite reasonable. 

E 3 0’ 

0: 0 l o w  1st 
.. An.., . . 0 ~ ’  1, F 

3 
3 2  
u5 

> 

0 

x yvw 1st 

1OW 2nd . . . . . . . 

0 200 400 600 800 lo00 
Capacity/ mAhg-’ 

FIGURE 3 Variation of potential intercalation and de-intercalation of Li into 
carbon thin film in 1 mol dm-’ LiCIO, / ECtDEC (1: 1). Current : 24 mNg. 
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CONCLUSION 

Carbon thin films are prepared from acetylene and argon by using glow discharge 
plasma. Crystallinity of these films increase with increasing applied RF power. Only the 
difference of applied RF power affects on crystallinity and electrochemical properties 
of the resultant carbon thin films. Carbon thin films in this study are very useful as binder 
free negative electrode of lithium ion battery. 

Acknowledgments 
This work is supported by Grant-in-Aid for Scientific Research (No. 11555238) from 
the Ministry of Education, Science, Sports and Culture, Japan. 

References 
[ 1 I J .  R. Dahn, T. Zheng, Y. Liu, and J.  S. Xue, Science, 270,590 ( 1995). 
[2] J.  R. Dahn, A. K. Sleigh, H. Shi, J.  N. Reimers, Q. Zhong, and B. M. Way, Electrochim. 

A m ,  38, 1179 (1993). 
[3] N. Imdnishi, H. Kashiwagi, T. Ichikawa, Y. Takada, 0. Ymamoto, and M. Inagaki, J .  

EZecrrochem. Soc., 140,315 (1993). 
[4] 1. Mochida, C.-H. Ku, S.-H. Yoon, and Y. Korai, J. Power Sources, 75, 214 (1998). 
IS]  T. Zheng, J .  S. Xue, and J.  R. Dahn, Chem. Muter., 8,389 (1996). 
[6] M. Inaba, Zyun Shiroma, A. Funabiki, and Z. Ogumi, Lungmuis 12, 1535(1996). 
171 M. Inaba, H. Yoshida, Z. Ogumi, T. Abe, Y. Mizutani, and M. Asano, J. Electrochem. 

Soc., 142,20 (1995). 
[8] M. lnaba, H. Yoshida, 2. Ogumi, J .  Elec~lrochem.Soc., 143, 2572 (1996). 
[9] J. C. Angus and C. C. Hayman, Science, 241,913 (1988). 

[lo] J. C. Angus, J. E. Stultz, P. J. Shiller, J .  R. MacDonald, M. J.  Mirtich, and S. Domitz, 
Thin Solid Films, 118.3 1 I (1984). 

[ 111 S. Matsumoto, J. Muter. Sci. Lutt., 4,600 (1985). 
1 I21 T. Abe, T. Fukutsuka, M. Inaba, and Z. Ogumi, Carbon, 37, I 165 ( 1  999). 
[ 131 F. Tuinstra and J .  L. Koenig, J. Chern. Phys., 53, 1126 (1970). 
[I41 G. Katagiri, Tunso, 175,304 (1996). 
[15] D. S. Knight and W. B. White, J. Muter. Rex, 4,385 (1989). 
[I61 E. Pelcd, J. Electrochem.Soc., 126,2047 (1979). 
[I71 J.O. Besenhard, M. Winter, J. Yang, and W. Biberacher, J .  Power Sources, 51, 

228( 1995). 
[ 181 A. Mahuchi, H. Fuji K. Tokumitsu, and T. Kasuh, J .  Electrochem. Sue., 142, 

3049( 1995). 
[I(>] M. Hcss, E. Lebraud, and A. Levasseur, J .  Power Sourws, 68,204 (1997). 
[20] C. Kim, K. Hakamada, and M. Endo, Curbon, 36, 1401 (1998). 
1211 I. Mochida, C.-H. Ku, M. Egashird, and M. Kimura, Elt.c,trochenlistry, 66, 1281 (1998). 
[22] A. Mabuchi K. Tokumitsu, H.  Fujimoto, and T. Kdsuh, J .  Elecrrochem. Soc., 142, 1041 

( I  995). 
1231 K. Tatsumi, N.  Iwashita, H. Sakaebe, H. Shioyama, S.  Higuchi, A. Mabuchi, and H. 

Fujimoto, J. Electrochem. Soc.. 142,716 (1995). 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
2:

25
 1

6 
A

ug
us

t 2
01

2 




