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I. MERHREREZRAV-BEEBOREE (2)

The Development of The Fuel Cell System Using The Small Fuel Reformer(2)

Nz B AH ¥XHI BRSO fHEA gy 7% —
KOSUGI Kyouher OHTA Mitsunori SERKIGUCT Noriaks YAMAZAKI Shigekazu
Bk FESR AIFy FEE o b
SHIMIZT Takaaki HADOSAKIT Masahiro TANINO Katsumi
Abstract

Last year, we tried to make experimentally an electric reforming fuel cell incorporating electrolytic methanol reformer as a

new fuel cell system, which does not lose the handiness of DMFC (Direct Methanol Fuel Cell), and evaluated the cell. In

addition, we investigated the efficiency of electrolysis of various fuels. This year, we have examined the preparation method of

MEA (Membrane Electrode Assembly) to improve the output of the electrolytic reforming fuel cell. In addition, we have
investigated the performance of the direct formic acid fuel cell, and the mechanism of hydrogen production of the cell.

As a result, we have found that the MEA using ePTFE (expanded PolyTetraFluoroEthylene) of 25 4 m thickness could be
reduced the thickness of electrolyte layer to 10 4 m through press process, and the MEA showed comparable internal
resistance with commercially available membrane of 25 ¢ m thickness. We also have found that the direct formic acid fuel cell

gave higher output than DMFC by using Pd catalyst. We observed electric potential vibration during the production of

hydrogen by dehydrogenation of formic acid in the case of Pd catalyst at reduction electrode. We have found that the use of

Au-Pd catalyst instead of Pd catalyst could suppress the electric potential vibration.
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Fig.1. Experiment outline chart of hydrogen pump.
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Fig.2. Cument density — Voltage characteristics of
Hydrogen pump.
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Fig4. Cross section photograph of MEA using
the pore filling electrolyte film.
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Fig.6. Output characteristics of fuel cell of formic acid.
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Fig.7. The decomposition of the formic acid by Pd catalytic.
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Fig8. The electrolytic property of formic acid and methanol.
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Fig.9. Relations between amount of current of cell
and amount of hydrogen generation.

1.2
= A
£
=
£ 08 f
%]
3
o
g 08
8
s 04 —4— HCOOH 15mol%
2 iz —8— HCOOH 10mol%
i —&— CH30H 10mol%
0
0 100 200 300 400 500

Current density (mA/cm’)

10 KFEMFOIFILF—HE
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Development of Biosensor using the Electrochemical Impedance Spectroscopy (2)
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Abstract
Recently, some kinds of biosensor were developed for clinical diagnostics as well as forensic and biomedical applications.
Electrochemical concepts provide simple, rapid, label-free and low-cost detection of biomaterials. Electrochemical impedance
spectroscopy has been shown to be very effective and sensitive for characterization of biomaterial-functionalized electrodes

and biocatalytic transformation at electrode surfaces.

This study is a further investigation of applications using the Electrochemical impedance measurement to detect the
targeted biomaterials, especially, single nucleotide polymorphisms (SNP’s). In this research, we have proposed DNA ligation
methods using an enzyme in order to enhance the sensor's detection sensitivity, drastically. And we were also assembled a
DNA measurement device with a temperature control unit to be able to perform the DNA ligation on the DNA chip.
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Preparation of Thin Film Resistance with Low Temperature Coefficient (3)
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Abstract

Recent electric devices are required a high reliability and preciseness. Especially, it is important to realize high
stability of the electric devices in severe condition. A resistance is an important part of the devices, and a low
temperature coefficient for the properties is required. So far, the thick film manufactured by rolling mill process was used,
because the value of thin film resistance strongly depends on the temperature. TCR (Temperature Coefficient
Resistance) of the resistance lower of the thin film than 30 ppm/K could not be prepared. The factor of TCR may be
based on film structure and thermal strain between film and substrate. In this study, the effect of the film structure and
the thermal strain has been investigated. It was found that the effect of the strain was in the range of about 100 ppm/K
and the strain of the films could not be neglected to the preparation of thin film resistance with TCR around 0. So, the
resistance with buffer layer to relax the thermal strain is a good structure for a precise resistance. The buffer layer of
ZrOz with similar the value of thermal expansion coefficient to NiCr was prepared by a sputtering and a sol-gel method.
The dependence of TCR properties on the film thickness and the process of the preparations were investigated. The
buffer layer drastically improved the value and linearity of TCR of the resistance. The structure with the buffer layer was

useful for the film resistance with low TCR.

1. #

WA, EREORBIZ L VEFHMITE, XY RFER
AR TWS, ZFOEFHMO—2 & LTERASER
KANRLOTHHN, EFREECORNEE S, M2E,. F
H., DWW, HHEFE2 CREORMEICHE-T, BIER
BOBLWEETCOmWEEEEEESRD LTV, £
OFEEEERFERICRD bR L LT, BHECIE 6D
a2z b, BROBEREN OV &, AEEE
BAHNNENZ E, S A4 ZXBPanT b & HiCkEofs
BLAVNE N ERETF EhD, —RNICER S h 23850
BHx, GRANLT OREFEBERE SN SESE. FeCr, NiCr
BHERHOENRTWA R, &M T, Ni-Cr, W, Ti
ZOMENBAVWLREZ EBREL, ERLOPT, NiCr &
SRESERENEL . BRETOMB{E, TaedE, HiRGk
EITEAABEEA B> TVHH, T EERICIT L=HE.
MIEE A O/REOBERICL Y, oK CIBRBER
B (TCR) & 30ppm EA Fic T3 = & 13, FERICREETh o2, £
D= ERLEN T SR EREFSIEERGRIS BB ER
ZR>TVAORBRTH D, LALERLIOEREER
ik, FOERS & ARH%ET. BEFUERDE LR
REM, 2R PR FICHERD-Tz, BIE. TN EOMICE
Tl TR 100 fEDENDH B, i, ERBEHREICEN
ThEARDENRLHR FER I > T, TR KELHBEL

FTAHIEBHLENTWVWS, ZOZ L, TCR O/hXRERMKE
L EMT AR BT ARG & RIROME - [FH ORI E
HWTERNVWIEEZRLTWVA,

E 5z, EEER K CIIHHEE ORI R TOE T
EL, Hik s EREH VIR T TOMEL (1 X e L
DRGHRMbL B0, ERBRFEICLLT TCR (ZET 3ER M
AZLEVELARY, BN TCR Btk HBRTHZ LIFELL 72
BEEZBND, FI T, ZHETENATH, Nicr EIE
MBI A EEEILOBERZHMICT Ao 0IC, WOWIE
P& ZR L oIE - SEHAS TCR I RIETREEHAL ML
TEk, "YF0BR, BREBRE DRSS, EROFEMS
M NiCr OEOERZHEEL, TCRBKE L EILTHZ LA
o, TCR #FEOFHICELE RS EDITE, A FVE—
KAy & (IBS) ik AV Cl%E (R 5 = LR, BRIC AL
BT RYBELEE T NEFENEYDTHE Z N0
2¥e —H. TR ZADHAICENIEDLEDITIX, HEH
BE QRO 2R — T AMGIEIZ L, [EREE0 #US 1 0
WAt {ThiElvni Eitahaik,

2T, BRERKOERIENEL EMT 501, BED
WELE TEREZRHTAILNEETHY . TOHE
R LI,



2. ERAE

NiCr R OEEBUEBIE, RF = 7k b Zoty & (RPMS) B51C
LML, R LB oW THEM & 4T - 7=, BEoREEE,
ABETE-FIMS SEM) . X #EHF(XRD) . X A E T
(XPS) Z AVVCTill~<7z, FE ol Uz RS p & TCR 11,
4 MEFEE VT 220 K45 380 K oftif THIE L -,

TCRUBHLIBEFRE) & 13, 1 CU K 4 v o0 E(riE
AERTHOT, UTFOLES5RKXTREND, ZZTTCR 250
LV ) OIRERE K L TERECE(S 2 2 & 2R,

Rhigh"'Ran i ]

>4
R 1o Tmp—Tw

x10 °
(ppm/K)

TCR =

R Lo @ (EIRIZIIT DIREUE, Ry, @ BRIZBT 2 HEHR
T Lew * EmeE, T High * IR

1 ICEREOEM, # 2 DS EHI OW T O BERREL
ZiRT, BERCERA LRI, AL LTHYWE NiCe @
MIPRRIOGIEVVEEF D AL, Zr0, & Ao, E£ERO
SIS OB E P25 T DI EBEEEEN 0 KW RSB
AL, #FhbofEd s,

& 1. BARoEME
Table. 1. Unit price of substrates.
96%6Al1,0, 50 M/
99%Al,0, 1000 F/#%
999%AL0, REHEEY 1900 F1/4%
BEASA 4000 /4%
YSZ TILEFEIRD 10 FEE
x® 2. RIERFEEE
Table. 2. Thermal expansion coefficient.
22 — i
20—  -ag
18—
16 — "~ Gu
14 — — MgO
12— [N
10 — — NiCr 7.0
g S ~Tio,
Nb Al;05
G ———
s W
& ~ ISALYIAASTA
= 1
2 —
— A A EDF L BAEASRA
0

3. EEHR
< 3. 1>EEFEmEEoR

IIE TOIRETIEL, BUS e TCR DBEEEHSEMZTS
EHORECEROEREER L TE R, RELERMLEZE
B AAMEPLBREOHVWERERVSIZ L LEALRD,
FEOH, BIROFIEH S BIEO TCR IZEIETERICZONT
ARSI AR NER BB, WEEETIE, 1A —h23%y
# (IBS) =& FIVVTIERL Lz Nicr B2V Til~2fz 23, &4
B EREECREEIGELIERF= R hnrAlg s
(RFMS) IEIC R W T b2 OREBL R,

[ 1 &P 2 o E S A R A S 2ok (8 99 %A1,0,, 99 %
Al,0,, 96 %A1,0,) L1z IBS ¥ & RPMS 1 CfEM L 7= NiCr o
TCR @ BT TEME 2+, © 2 T, TCR FEE ORI & 4tz
K&a{AprEmMERLE, ZOEMIZESOERTAVTLIE
FRSARERLE, S0 LB, RFMS Ik 0 iR
WU E, IBSIEL &AL TR B EROFEERZTITIC
VI L RShate, [E31C IBS #E & REMS 35 TER L 7= NiCr
o> SEM ¥ % /=1, RAMS Gl R oMM Emic ik L.
BOWMAIRIRBTE S Tz, —F IBSETIE, O
OMMER S CRESAAIc bAAE L, BUSHRERTSED
TCR BRMAE DB LER T LELOND, 2O L
REMS ¥ i, IRIERSEDH A ENBW =D Ay ShiFD )
FIfEA Seiodt, BOMMTH B CREDRLZZiFIz WIRE
THRARE L, #USH0EREZIFIZ< W, Zokd, £l
HECLBENDOEENNSHWEDEEZBRS,

80 S

60
Polished 99% AlQ, m

N

I L T ¥

TCR(ppmiK)
S 3
i
1

o

E / x
[ 99% AlO, / /
—>

-20 |- 3

96% A1,0, / ]

L b4 -

“—40 A L 1 L 1 L t‘ L L Il L L i1l
10 100 1000

t, (nm)
B XEMESHARGLITIITEIRECIBS ETHHELS:
NiCr EIZ#17% TCR D EEEKFN
Fig. 1. tr dependence of TCR for NiCr films deposited by IBS

on Al:O; substrates with various roughness.



0 T L] T LB ll Ll Ll Trrrr

S 96% :’.lzll3 5

< -40 [ x -

£ A i

= L ] i

= —-60 |-Po | ished-99% ALD, -

O E i

= F el

-80 \\ o

—100 -— > _-

; 99% A0, ;

_‘I 20 B 1 1 3 gaal M PR B W O | l-
10 100 1000

t, (nm)

2, REMENELDITIVEFEWIZ RFMS ETHELE:
NiCr [ic#11+4 TCR O EEREKREM
Fig.2. t= dependence of TCR for NiCr films deposited by RFMS

on Al20, substrates with various roughness.

Substrate

(@) 1BS (b) RFMS
3. IBS ik & RFMS 35 THERIL 7= NiCr (D SEM 1§
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Table. 3.Relationship between Ta and hardness of sol-gel films.
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Fig. 8. Film substructure as a parameter of buffer layer.
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Research of the Piezoelectric Device to Generate Electricity

—Q Kig
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AmE HER

KAKUDA Tatsunori,

abstract

Piezoelectric ceramics is commercialized in many fields of electronic device, by using the piezoelectric
characteristics. One of the piezoelectric characteristics is to transform of stress to voltage. In this study, by using
the characteristic, we develop the system applying piezoelectric ceramics to a power supply of an electric
apparatus.

The electric generation of piezoelectric ceramics is different from an electric battery, because of the getting
energy from vibration by itself. Miniaturization is possible, a use place is not limited. Garbage and waste with
generation is not discharged at all. Therefore, it does not have an impact on environment.

At first, we made the piezoelectric ceramics sheets with improved das by Sr substitution in PZT. The constant das
is an index constant of the generation efficiency. As a result, the characteristic was same revel in comparison with
a sheet on a market. Next, we made the bimorph of the simple cantilever structure, and measured the generated
voltage by controlling quantity of displacement and frequency with a fatigue test machine. We confirmed that the
generated voltage increased in proportion to quantity of displacement and frequency. Third, we dropped an iron ball
on an edge of cantilever, and calculated it from the lost potential energy and output voltage. The conversion
efficiency was about 2.5%. Last, we confirmed that the output voltage becomes biggest at the resonance state that
displacement of vibration is the biggest. And, we did a trial that we rectified the electric charge that occurred with
piezoelectric ceramics in diodes, and charged in a capacitor.
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Study of high-frictional materials (4)
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abstract

In transmission of auto mobile, compactness, light weight, quietness, high capacity and high efficiency are required as well

as smooth acceleration and operability in changing gears.

For instance, in synchronizer ring, material with high coefficient of

friction is used to improve the operability and to absorb energy, because the load tends to increase as making bigger clutches
for the high output engine. Recently, frictional materials under wet condition have been developed to improve coefficient of

friction and durability. The challenge of this study is to develop new frictional materials containing pores and to investigate the
influence that pore ratio or pore diameter exerts on the performance. The pores are introduced by molding process with the
use of carbon material in uniform particle size or of foaming agent. Consequently, the frictional material with carbon material in
particle size 500 £ m to 1.0mm led to the increase in the coefficient of kinetic friction, but the pores generated by the foaming

agent brought slight change of fricticnal properties.
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Applied Study of Ink-Jet Printing to Fabrication of Electric Devices

He  #3E, RH HE—, A A, KR IER
TANAKA Yumi, SAKAT Yuichi, FUTAKUCHI Tomoaki, HIMT Kiyokazu
abstract

The inkjet technology can be characterized as providing required resources in the required amount. This means that the
inkjet method is an environment-friendly technology in terms of resources and energy savings. Recently, inkjet technology is
used for industry, because it has such merits. Applied studies of inkjet technology for the industrial fabrication of electric
devices have been advanced. In those studies, fabrications of Ag circuits using inkjet printing have been mainly reported. In
this study, the water based inks containing BaTiOs or RuO2 powders were prepared. It is known that BaTiOs and RuOz films
are used as capacitors and film resistors, respectively. Amount of dispersant, polyethylene glycol and methyl alcahol added
in ink was evaluated by measuring viscosity, particle size distribution and contact angle of ink. Driving conditions of inkjet
head were evaluated by observation of ink droplet above the substrate. BaTiOs films or RuOz films were prepared by the
inkjet method.  Dielectric constant and tan 8 of BaTiOs film were 2700 and 0.037, respectively. T.C.R. and volume resistivity
of film resistors prepared were 150ppm and 36Q -cm, respectively.
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Development of the Large Area Dye-Sensitized Solar Cell
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abstract

The key technologies of the practical application of dye sensitized solar cell (DSC) are the high photoelectric
conversion efficiency and using the flexible and light plastic substrate. Because the reactive sputtering is a non heating
process, it's possible to deposit an anatase-type Titanium dioxide film on the plastics substrate.
In this study, we fabricated DSC using the columnar TiO:2 electrode deposited by the reactive sputtering method.
Furthermore, we try to establish the assembly technique. The results are as follows.
1. For the encapsulation of the electrolytic solution, welding, resin for DSC and both sides tape are effective.
2. ltis a simple and sure method that the injection of the electrolytic solution uses the syringe.
3. The power collection efficiency is improved by making the Pt comb-electrode.
4. The charge to portable telephene is confirmed under the solar light, when the large module is fabricated with 24 cells .
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