This article was downloaded by: [University of Haifa Library]
On: 16 August 2012, At: 12:25

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,

UK

Molecular Crystals and

Liquid Crystals Science

and Technology. Section A.
Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

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

Tomokazu Fukutsuka ® , Takeshi Abe # , Minoru Inaba
& & Zempachi Ogumi ?

& Graduate School of Engineering, Kyoto University,
Sakyo-ku, Kyoto, 606-8501, Japan

Version of record first published: 24 Sep 2006

To cite this article: Tomokazu Fukutsuka, Takeshi Abe, Minoru Inaba & Zempachi
Ogumi (2000): Electrochemical Intercalation of Li into Carbon Thin Films Prepared by
Plasma CVD, Molecular Crystals and Liquid Crystals Science and Technology. Section A.
Molecular Crystals and Liquid Crystals, 340:1, 517-522

To link to this article: http://dx.doi.org/10.1080/10587250008025518

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-

and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250008025518
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Haifa Library] at 12:25 16 August 2012

sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [University of Haifa Library] at 12:25 16 August 2012

Mol. Cryst. and Lig. Cryst., 2000, Vol. 340, pp. 517-522 © 2000 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under the
Photocopying permitted by license only Gordon and Breach Science Publishers imprint.

Printed in Malaysia

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

TOMOKAZU FUKUTSUKA, TAKESHI ABE, MINORU INABA
and ZEMPACHI OGUMI

Graduate School of Engineering, Kyoto University, Sakyo-ku,
Kyoto 606-8501, Japan

Carbonaceous thin films were prepared from acetylene and argon by plasma CVD. The car-
bon thin films were characterized by Raman spectroscopy and then their electrochemical
properties were studied by cyclic voltammetry and charge-discharge measurements. Crystal-
linity of the films prepared at 90W was much higher than that at |0W. The difference of the
applied RF power also effected on the results of cyclic voltammetry and charge-discharge
measurements. Correlation of applied RF power and the electrochemical properties of carbon
thin {ilms was discussed.

Keywords: carbon thin film; lithium intercalation; plasma CVD

INTRODUCTION

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!’®. Because carbonaceous materials
are generally powders, binders are necessary for preparation of electrodes. For the
study of carbonaceous negative clectrodes, 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) is one of the best methods to
prepare carbon thin films, however, most studies have been focused on the preparation
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of diamond films or diamond like carbon films!*''i. 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 reported!'. In 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 elsewhere!'!, 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

Raman Spectra

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 EIg (due to infinite crystal size) mode
frequencies, respectively!l. The peak around 1620 cm' is also derived from imper-
fectness of graphite crystal™l. As is shown in Figure 1, peaks around 1600 cm™ of E,,
mode frequency become sharper and this peak position shifts toward 1580 cm™ with
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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-
rials(**), 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 ap-
plied RF power, which is also confirmed by the conductivity results!?. These Raman
spectra are similar to that of non-graphitizable carbon in that intensities of around 1360
cm! peaks are higher than those of around 1580 cm! 1. From these results, carbon-
aceous thin films in this study have partly non-graphitizable structures.
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FIGURE 1 Raman spectra of carbon thin films prepared by plasma CVD.

Electrochemical Properties

Figure 2 showscyclic voltammograms of carbonaceous thin films. Cyclic voltammogram
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 t0 0.5V vs. Li/Li*, 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 films!*!"), The shapes of cathodic and an-
odic peaks around OV are very different between Figures 2 (a) and (b). In Figure 2 (b),
clear shoulders around 0V as shown by two arrows appeared, which may be corre-
lated with the formation of stage structures!'*'°. From Raman spectrum of carbon thin
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film prepared at 90W, 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
K™, 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 usefui for the detail

discussion of the stage sturcture!™®l.
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FIGURE 2 Cyclic voltammograms of carbon thin film in 1 mol dm™
LiClO, / EC+DEC (1:1). Sweeprate : 1 mV /sec, applied RF power

(a) 10W 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 1.0to 0.8V
appeared. This irreversible capacity is very similar to that reported by Mochida et
al™, The irreversible capacity disappeared after 2nd cycle, but, another irreversible
capacity appeared. De-intercalation curve of sample prepared at 10W 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 10W are very similar to those for low graphtized
carbon such as low heat-treated mesocarbon microbeads (MCMB)*. De-intercala-
tion curve of sample prepared at 90W 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 10W. It has been
reported that the de-intercalation capacity in the potential range 0 to 0.25V becomes
large with increasing of crystallinity of MCMBI®\. Hence, the present results of charge-
discharge measurements are quite reasonable.
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FIGURE 3 Variation of potential intercalation and de-intercalation of Li into
carbon thin film in 1 mol dm™ LiCIO,/ EC+DEC (1:1). Current : 24 mA/g.
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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 uscful as binder

free negative electrode of lithium ion battery.
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