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From viewpoint of recycle of industry waste, the electrical and electrochemical characteristics of
pyrolyzed fly ash and their applications have been investigated. Pristine fly ash inherently has a porous
structure of carbon and even after high heat treatment, the porosity is maintained. Pyrolyzed fly ash used
as the negative electrodes in rechargeable batteries shows good stability and high Coulombic efficiency
in charge-discharge cycles in LiClIO4/PC. We demonstrate the possibility to identify the species of oral
microorganisms and reduce their activity and colony number by fly ashes.
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1.Introduction

Carbon materials have been widely used so far for
personal and industrial applications such as electrode
material for batteries, electrodes for motors, resistors,
adsorbent, fibers, fuels, charcoal, painting material,
etc. Recently new types of carbon materials such as
fullerene Cg, and carbon nano-tube have been discov-
ered and attracted much attention from both the fun-
damental and practical viewpoints. We have also pro-
posed new type of periodic porous carbon materials
with pores of nano-scale size.

On the other hand, as the waste of power plants
utilizing petroleum or coal as fuels, a lot of carbon
materials have been formed and considered to be trou-
blesome materials for our environment. Recently we
have noticed that such carbons wastes named as fly
ash have porous nature of structure and started to
study from the fundamental viewpoint. On the other
hands, we have explored the effective use of the fly
ash for the practical applications".

We have also studied electrochemical characteris-
tics of oral cariogenic streptococei and the effect of
metals and metal oxides on the streptococci to explore
the possibility to identify the species of streptococcus
and reduce the number of streptococci 2.

In this paper, we discuss on the electrical property
of fly ash, characteristics of fly ash as electrode mate-
rial for the secondary battery and the antibacterial ef-
fect of the fly ash on the viability of the several oral

microorganisms.

2.Experiment

In this study, the carbon content in pristine fly ash
at the thermal power station is about 95%. Pristine fly
ash inherently contains some amount of metals such as
Ni and Fe that are used as catalysts to accelerate the
growth of graphite layers. This fly ash was pyrolyzed
at various temperatures for 1 h in a high-purity Ar at-
mosphere. The samples for electronic measurement
were pressed into a sheet at 400kgf - cm™. The elec-
trical conductivity and its temperature dependence
were measured by a conventional four-probe tech-
nique using a Quantum Design PPMS. Electron mi-
croscope images of the morphology of pristine and
pyrolyzed fly ashes were obtained by a scanning elec-
tron microscope (SEM) (S-2100A, Hitachi).

For preparation of a pellet - type electrode, fly
ashes were mixed with 10wt% Teflon powder and
pressed on a Ni mesh at 100kgf - cm™. A Lithium
metal plate served as the counter and reference elec-
trodes. The electrolytes used in this study were a 1M
or 2M solution of LiClO, in a propylene carbonate
(PC) in the case of pyrolyzed fly ashes with the HTTs
of below 1400°C and a 1M solution of LiPFsina 7 : 3
mixture of ethylene carbonate (EC) and diethyl car-
bonate (DEC) by volume in the case of pyrolyzed fly
ashes with an HTT of 2800°C. Electrochemical meas-
urements, including charge-discharge test were carried
out using a beaker-type cell at room temperature in an
argon-filled glove box (Miwa, MDB-1-B+MS80 ).

In this study, microorganisms such as Actinomyces
viscosus (4.v), Streptococcus faceium (S.f), Strepto-
coccus mitis (S.m), Streptococcus sanguis (S.s), Lac-
tobacillus acidophilus (L.@) and Lactobacillus casei
(L.c) were used. For the pre-cultivation of these resi-

dent floras, Ttypticase soy broth (TSB; Becton Disck-



inson and Co., Cockeysville, MD, U.S.A.) was used.
After 48 hr, the cultured medium which was in the
logarithmic phase was diluted and centrifuged. The
precipitated microorganisms were washed with a small
amount of phosphorus buffer and recentrifuged. These
obtained microorganisms were dispersed in a neutral
phosphorus buffer solution (pH7). Concentration of
each microorganism in the above solution containing
fly ash (concentration ratio: 0.1%) was 1 x 10° CFU
(colony forming unit)/ml. Cultivation of the suspen-
sions in an aerobic growth chamber, at 37°C, 55%
relative humidity. Samples of the treated suspensions
were incubated on TS agar plates. After 48 hr of cul-
tivation at 37°C, the number of viability cells was

counted.

3. Results and discussion

3-1 Electrical property of fly ash

Figure 1 indicates the scanning electron micro-
scope images of the pristine and pyrolyzed fly ashes.
As evident in this figure, fly ash contains many small
pores of micro- and nano- scales in diameters. Even
after a heat treatment at 2600°C, pyrolyzed fly ash
maintains porosity and the surface of the pyrolyzed fly
ash is more smooth than that of pristine fly ash.

The normalized temperature dependence of resis-
tivity p, (T) =p (T) /p (200K) in pristine and pyrolyzed
fly ashes is presented in Fig.2. The resistivity of the
fly ash does not exponentially decrease with tempera-
ture. In the critical region of metal-insulator transition,
the temperature dependence of resistivity obeys the
power low dependence as given by

p (T)ocT? (1)
, where B lies within the range 1/3 < <1 7. These

values of the pristine fly ash and pyrolyzed fly ashes
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Fig.1: Scanning electron microscope images of (a) a pristine fry ash
and (b) a pyrolized fly ash with a heat treatment temperature
(HTT) of 26000C.

with the heat treatment temperatures (HTTs) of 1400
and 2600°C were evaluated from the slope of the
straight lines in the Fig.2 to be 0.32, 0.17 and 0.17,
respectively. In general, the conduction process is me-
tallic if B <1/3. The conduction process between parti-
cles of the fly ash becomes more metallic with in-

creasing the HTT.

3-2 Characteristics of fly ash as electrode
material of secondary battery
From the viewpoint of the recycle of industry
waste, we have also investigated the electrochemical
properties of a pristine fly ash and pyrolyzed fly ashes
with various HTTs as negative electrode materials of a

lithium ion secondary battery. Figure 3 shows the third
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Fig.2:Normalized temperature dependence of resistivity rr (T) =r(T)
/1(200 K) in a pristine fly ash and pyrolized fly ashes with the
HTTs of 1400 and 2600°C.

charge-discharge profiles of the pristine fly ash and
the pyrolyzed fly ashes with HTTs of 1100, 1400 and
2800°C. The charge-discharge test was employed un-
der the constant current corresponding to 20mA/g. The
discharge capacity of pyrolyzed fly ash with an HTT
of 1100°C is the highest. That is, the charge-discharge
characteristic of fly ash can be improved by pyrolysis.
The discharge capacities of the pristine fly ash and the
pyrolyzed fly ashes with the HTT of 1100, 1400 and
2800°C were about 156, 223, 168 and 161 mAh/g, re-
spectively. In all cases, the Coulombic efficiency is
more than 90 %. As graphitization progresses, the
curve of the pyrolyzed fly ash with the HTT of 2800°C
is flattest in the region of about OV vs the Li electrode,

as is generally known for well-ordered graphite.

3-3 Antibacterial effect of fly ash on the viability
of the various oral microorganisms

Figures 4, 5 and 6 show the change in the viability

of the oral microorganisms such as A.v, S.f, S.m, S.s,

L.a and L.c with the fly ashes. As evident in Fig.4, the

number of viability cells of 4.v decreases with in-

creasing time. In the case of the oral microorganisms
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Fig.3: Charge-discharge profiles at the third cycle for pristine and
pyrolized fly ashes with the HTTs of 1100, 1400 and 2800°C.
The charge-discharge test was employed under the constant
current corresponding to 20mA/g.

such as S.m and S.s as shown in Fig. 5, the number of
viability cells markedly decreases with increasing
time. While, the number of viability cell of S.f does
not drastically decrease. Especially, in the case of L.a,
the number of viability cells is maintained after 3
hours. It should be noted that except for L.a, the liv-
ability of all other oral microorganisms such as A.v,
S.f, S.m, S.s and L.c decreases with increasing time.

These results clearly indicate that the fly ash is ef-
fective for reducing the density and activity of oral
microorganisms. It should also be mentioned that the
selectivity of the species of oral microorganisms exists
in the effect of fly ash.

The activity of oral microorganisms seems to be
confined in micro pores of fly ash, resulting in the
suppression of the growth of oral microorganisms. It is
not clear whether the oral microorganism is com-
pletely killed or just the growth is hindered at this

stage.
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Fig.4: The change in the viability of Actinomyces viscosus (4.v)
with the fly ash.
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Fig.5:The change in the viability of oral microorganisms such as
Streptococcus faceium (S.f), Streptococcus mitis (S.m) and
Streptococcus sanguis (S.s) with the fly ash.
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Fig.6: The change in the viability of oral microorganisms such as
Lactobacillus acidophilus (L.a) and Lactobacillus casei (L.c)
with the fly ash.
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4. Conclusion

Pristine and pyrolyzed fly ashes contain many
small pores of micro- and nano- scale sizes in diame-
ters. The electrodes of pyrolized fly ash showed good
stability and high Coulombic efficiencies in
charge-discharge cycles in LiClO,/PC. From the
viewpoints of recycle of industry waste, we propose to
apply the fly ash to a negative electrode of lithium ion
secondary battery. We demonstrate the possibility to

identify the species of oral microorganisms and reduce

the number of those by using fly ashes.

Acknowledgements

Part of this study was carried out as Cooperative
Research of Creation and Education of Novel
Characteristics of Nano-size Molecular System
supported by Fund of Research for the Future of the
Japan Society for the Promotion of Science (Project
No. JSPS-RFTF96P00206). The authors wish to thank
Dr. Eriko Yagasaki (The Kansai Electric Power

Company) for the sample and support.

REFERENCES

1) H. B. Gu, T. Kawai, K. Yoshino, E. Yagasaki and Y. Suda, T.
IEE Japan, 118-A (1998) 832 [in Japanese].

2) T. Kawai, K. Yoshino, S. Nagame, T. Oku and K. Konishi, Sens.
And Mat, 3 (1991) 87.

3) T. Kawai, S. Nagame, M. Kambara and K. Yoshino, Jpn. J.
Appl. Phys, 33 (1994) 1496.

4) S. Nagame, M. Kambara, T. Kawai and K. Yoshino, T. IEE Ja-
pan, 11 (1995) 1345.

5) S. Nagame, T. Oku, T. Kawai, K. Yoshino and M. Kambara,
Composite, Design and Performance. Eagle Press (1997) 213.

6) S.Nagame, T. Onoe, H. Sagawa and M. Kambara, J. Dent. Hith.
7 (1998) 564.

7) A. L Larkin and D. E. Khmelnitski, Zh. Eksp. Teor. Fiz. 83,
(1982) 1140.

(19991331 B % #)



BEIM NS FoOEFE 1S

J. Soc. Elect. Mat. Eng. Vol.9, No.1 2000

Katsumi Yoshino was born in Shimane on
December 10, 1941. He graduated in 1964
from Department of Electrical Engineering,
Faculty of Engineering, Osaka University,

where he obtained a Doctor of Engineering

Degree in 1969. In that year, he became a
Research Associate in Electrical Engineering, Osaka University. He
was promoted to Assistant Professor in 1972 and Associate Profes-
sor in 1978. In 1988, he became a Professor in Electronic Engineer-
ing. He has been engaged in research on organic functional materi-
als such as conducting polymers. He received an Applied Physics
Society Award, Osaka Scientific Award, Book of Year Award and
Outstanding Achievement Award from the Institute of Electrical
Engineers of Japan in 1981, 1990, 1997 and 1998, respectively. He
authored or co-authored more than 32 books. He is a member of the
Institute of Electrical Engineers in Japan, Japan Physical Society,

Applied Physical Society, and Polymer Society.

Hiroyoshi Take graduated from Department
of Electronic Engineering, Osaka University
in 1999. He is now Master course student of
Department of Electronic Engineering,

Graduate School of Engineering, Osaka

University and now studying the electronic
and optical properties of carbon materials and application of them to
electronic devices such as batteries. He is a member of the Japan

Society of Applied Physics.

Hirotake Kajii received B.S., M.S. and
Ph.D. degrees in Electronic Engineering
from Faculty of Engineering, Osaka
University, Japan in 1996, 1998 and
2000,respectively. In 2000, he joined the

Collaborative Research Center of Applied
Science and Technology, Osaka University, where he is currently a
research associate. His research interests are in the electronic and
optical properties of carbon materials and dyes, and application of
them to electronic devices such as batteries, FED, photocell and
LED. He is a member of the Institute of Electrical Engineers of Ja-

pan and the Japan Society of Applied Physics.

Seigo Nagame was born on 1949. He
graduated in 1974 from Osaka Dental
University. He has obtained his degree of
Doctor of Dentistry from Osaka Dental
University. In 1974, he became a Assistant
in Department of Preventive Dentistry,
Osaka Dental University. He was promoted to Instructor in 1980. In
1995, he became a Associate Professor in Department of Preventive
and Community Dentistry, Osaka Dental University. He has been
engaged in research on antibacterial effects of the powdered semi-
conductor titanium oxide with photocatalytic reaction and dental
caries prevention. He is a member of Japan Dental Society, Japanese
Society for Dental Health, International Association for Dental Re-
search, Japanese Society of Public Health, Japanese Society of Per-

idontology, and Japanese Society of Pediatric Dentistry.

Takatoshi Onoe was born on 1943. He
graduated in 1971 from Graduate School of
Agriculture, Kagawa University. He has his
degree of Doctor of Agriculture from
Nagoya University. In 1975, he became a
Assistant in Department of Bacteriology,
Osaka Dental University. In 1985, he became a Lecture in Depart-
ment of Bacteriology, Osaka Dental University. He has been en-
gaged in research on susceptibility of oral bacteria to chemothera-
peutics and other substances, the ?-lactam antibiotics resistant
mechanisms of oral anaerobic gram negative rods, ultrastructural
observation of the surface structure of cariogenic and periodonto-
pathic bacteria and cytological studies on the mechanism of resis-
tance expression in the Crown rust disease of oat. He is a member of
Japanese Society of Bacteriology, Japanese Society of Chemother-
apy, Japanese Society of Electron Microscopy, Japanese Society of
Electron Microscopy Technology for Medicine and Biology, Japa-
nese Association for Oral Biology, International Association for

Dental Research and Phytopathological Society of Japan.



