Available online at www.sciencedirect.com o

scrence @oimeers POWER
SOURCES

www .elsevier.com /locate /jpowsour

Journal of Power Sources 133 (2004) 260-262

Short communication

Influence of active surface on electrochemical properties
of mesocarbon microbeads powders

Jiayan X\, Hideki Tanak&P, Masato Kuriharg, Satoshi Maruyam3
Yusuke MoriyoshP, Takamasa. Ishigafi*

@ National Institute for Materials Science, Advanced Materials Laboratory, 1-1 Namiki, Tsukuba-shi, Ibaraki 305-0044, Japan
b Department of Materials Science, Hosei University, 3-7-2 Kajino-cho, Koganei-shi, Tokyo 184-8584, Japan
¢ Device Devel opment Center, TDK Corporation, 2-15-7 Higashi-Owada, Ichikawa-Shi, Chiba 272-8558, Japan

Received 1 September 2003; received in revised form 28 January 2004; accepted 30 January 2004
Available online 9 April 2004

Abstract

Mesocarbon microbeads (MCMB) powders were treated in ArSfls radio frequency inductively coupled thermal plasma. The
structure, chemical composition and related electrochemical property changes have been studied. The results demonstrated that the act
surface area has a great influence on the electrochemical properties of MCMB powder, and the specific irreversible capacity loss decay
non-linearly with the increase of active surface area.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction the ICL has been attributed to the solid electrolyte inter-
phase (SEI) formation and other side reactions. Carbon sur-
Carbonaceous materials have been proven to be an inface structure has a great influence on the ICL of electrodes
exhaustible source for scientific research and technological[6].
development, such as electrode of lithium ion rechargeable Radio frequency inductively coupled thermal plasma
battery[1,2]. Surface and chemical modifications are usu- (RF-ICP) treatment has been proved to be a successful
ally the first step for the application of carbon materials way to modify carbon surface for its high temperature,
[3.4]. The modifications can change surface composition and high energy density, high chemical reactivity properties and
structure, active surface area (ASA) and total surface areahigh heating and cooling rate-0° K/min) [7]. The aim
(TSA), which all play important roles in carbon chemical re- of this work is to study the effect of Ar—=4SFk; plasma
actions and applications. The concept of ASA was firstly in- treatment induced active surface of MCMB powder on the
troduced by Laine and his co-workers in 1963. The way electrochemical properties of the anodes made from these
used to characterize the ASA was to remove surface defectanaterials.
by heat treatment and then measuring the amount of oxygen
subsequently chemisorbed. The extent of ASA was thought
to be a function of such properties of the carbon as crystal-
lite size, crystallite orientation, vacancy concentration in the
basal plane, and impurity concentration, type, and location.
For battery applications, the electrochemical lithium inter-
calation and de-intercalation capacities are important char-
acteristic of carbon materials, which strongly influence the
energy density. While, during the first charge and discharge
cycle, an irreversible capacity loss (ICL) always exists, and

2. Experimental procedure

The carbon used in this investigation was mesocarbon mi-
crobeads (MCMB), which is a kind of artificial graphite.
The RF induction plasma generating and powder feeding
apparatus have been shown elsewli@feThe plasma con-
ditions were set as follows: Power (40 kW), plasma gas (Ar
151/min), sheath gas (Ar 60 I/min), andaH31/min). The
powder carrier gas was a mixture of Ar andsS&nd its total
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the reactor pressure of 27 and 53 kPa. Surface morphology of
MCMB powders was observed using scanning electron mi-
croscopy (SEM, HITACHI S-5000). Surface area was mea-
sured by N adsorption using the Brunauer—-Emmett—Teller
(BET) method (BEL JAPAN, BELSORP18). Oxygen con-
tent measurement was performed on an oxygen/nitrogen
analyzer (HORIBA, EMGA-650). Sulfur content measure-
ment was carried out on a carbon/sulfur analyzer (LECO
CS-444). Fluorine content was measured by ion chromatog-
raphy. Fourier transform infrared (FTIR) experiments were
carried out on a BIO-RAD FTS-65 FTIR spectrometer.
Electrochemical properties were measured in non-aqueous
solvents containing 1M LiCl@Q Sample electrodes were
prepared by the following way: Poly vinylidene fluoride was
used as the binder and slurry was spread on copper foil and
dried at 150 C under vacuum for 1h, a 1 mol/énsolution
of LiICIO4 in a 50:50 mixture of ethylene carbonate (EC)
and diethyl carbonate (DEC) was used as the electrolyte;
the electrochemical cell was set up in a dry box under ar-
gon atmosphere and the charge/discharge behavior of the
cell was measured galvanostatically at the current density
of 0.25 mA/cn? between 0 and 3V versus Li/tiat 25°C.

3. Results and discussion

Fig. 1shows typical surface morphologies of the original
MCMB and the plasma treated MCMB powders. The orig-
inal MCMB in Fig. 1lahas polyhedral shape, whikgg. 1b
reveals that some particles have a lot of holes after plasma
treatment.Fig. 2 gives the FTIR results on the original
?md the plasma treated powders. The peak a 1716cm Fig. 1. Surface morphologies of original and plasma treated MCMB. (a)
in plasma treated sample represents tF®Q@ouble bond Original MCMB and (b) plasma treated MCMB.
stretching vibration in the form of C=D, and peaks at
1222, 1364 and 984 cm represent the €S bonds, which
are attributed to the chemical reactions of carbon and sulfur. composition have a relationship with the plasma condition.
Figs. 1 and Zorove that the surface structure and chemical Fig. 3 shows the first charge/discharge curves of the origi-
composition of MCMB have changed greatly after plasma nal and the plasma treated MCMB powders {SBw rate:
treatment, which should be responsible for the change of the0.5l/min; reactor pressure: 27 kPa). It can be seen that the
electrochemical properties. plasma treatment gave the great increase of discharge ca-

Table 1shows the relationship between the plasma con- pacity at the first charge/discharge cydiég. 4 shows the
ditions and the properties of plasma treated powders. Fromrelationship between the specific ICL and the BET surface
the table, it can be seen that the surface area and chemicahrea. This figure demonstrates that the specific ICL (the

Table 1

Comparison of plasma conditions, surface area, elemental compositions and electrochemical properties

Conditions or Properties Original 1 2 3 4
Powder carrier gas (1): Ar (I/min) 4.5 4.6 4 4.5
Powder carrier gas (1): $KI/min) 0.5 0.4 1.0 0.5
Reactor pressure (kPa) 53 53 27 27
BET (m?/g) (N, adsorption) 14 2.21 1.86 0.99 1.75
Oxygen contents (%) 0.047 0.105 0.089 0.068 0.082
Sulfur contents (%) 0 0.30 0.16 0.07 0.08
Fluorine contents (%) 0 0.011 0.0081 0.003 0.0055
Reversible capacity (mAh/g) 280 302 300 317 312

Irreversible capacity (mAh/g) 30.1 27.3 28.2 29.4 27.9
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Fig. 2. FTIR results of original and plasma treated MCMB. (a) Original
MCMB and (b) plasma treated MCMB.
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Fig. 3. First charge/discharge curve of original MCMB and plasma treated
MCMB (SFs flow rate: 0.51/min; reactor pressure: 27 kPa).

calculation method is dividing ICL by TSA) decreases with
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Fig. 5. The relationship between the specific irreversible capacity loss (in
respect to the content of ® S+ F) and the content of @ S+ F.

of O+ S+ F) and the content of @ S+ F. Since the con-
tent of active site of G+ S+ F can be an indicator of the
ASA, this figure demonstrates that that the ASA is not the
only reason to be responsible for the IGig. 5also shows
that within certain extent of ASA, the specific ICL decreases
with the increase in ASA.

4. Conclusions

In summary, we have demonstrated that the electrochemi-
cal properties of MCMB as an anode of lithium-ion recharge-
able battery have a great relationship with the surface area
and active surface area. Within certain extent, the specific
irreversible capacity loss decays non-linearly with the in-
crease of surface area and active surface area.

the increase in BET surface area, and the relationship is ap-Acknowledgements

proximately exponential. The curve also suggests that the

carbon surface is not uniformly active for irreversible capac-
ity loss. Fig. 5 shows the relationship between the specific
ICL (the calculation method is dividing ICL by the content
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Fig. 4. The relationship between the specific irreversible capacity loss (in
respect to the BET surface area) and BET surface area.
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