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ABSTRACT: A new high power bi-material actuator, driven by the large
volume expansion of hydrogen storage LaNis alloy film on a polyimide substrate,
was prepared using a flash evaporation method. The reversible shape change
was operated by hydrogen absorption and desorption. In order to apply this
material to a practical actuator, the load dependence of strain yielded by shape
change is an excellent potential. In this study, the strain was measured under
different loading stresses. The results showed that large shape changes were
induced by hydrogen operation under large loading stress.

INTRODUCTION

The hydrogen storage alloy is potentially
attractive material to develop high power
bimetal actuators because of a large volume
expansion over 20 % by hydrogen absorption
(Willems, et al., 1984, Sakai, et al., 1990). If a
new actuator using hydrogen storage alloy was
developed, the strong power could be triggered
by change in hydrogen absolute pressure
around the sample and could be operated with
and without temperature change. Hydrogen
storage La-Ni alloy film prepared by flash
evaporation showed the reversible shape
change, which was operated by hydrogen
absorption and desorptions (Yabe, et al. 2003).
This bi-material actuator was driven by the
large volume expansion of hydrogen storage
LaNis; alloy film (Honjo, et al. 2003). In
previous work, LaNis alloy has been pulverized
by hydrogen absorption and desorption cycles
(Uchida, et al., 1984, Kuji, et al., 2002). A thin
film of the alloy showed high resistance to
pulverization and long fatigue lifetime. The
long lifetime is expected for any new actuator
driven by a LaNis alloy film. In order to apply
this material to a practical actuator, the load
dependence of strain yielded by shape change
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is a serious problem. Thus, the purpose of the
present work is mainly to evaluate the load
dependent shape change of the new high power
actuator for fuel cell. Fuel cells have several
very desirable features: they operate relatively
cleanly and silently, can use a variety of fuels,
and are generally unaffected by storms and
other calamities (Lloyd, 1999.). Figure 1 shows
the pressure control system of the fuel cell of
the actuator material using the hydrogen
storage alloy. Actuator of no-pulverized
hydrogen storage alloy film will be expected
for pressure controller of fuel cell.
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Figure 1. Schematic diagram of the actuator
material in pressure control system of fuel cell.
(Ref. The Institute of Electrical Engineers of Japan)

EXPERIMENTAL PROCEDURE

LaNis hydrogen storage alloys were prepared
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by arc melting (ACM-DS01 DIAVAC Ltd.) and
subsequent annealing for homogenization.
The block sample was pulverized by several
hydrogen cycles of adsorption and desorption
using ultra high purity H, gas (7N), the
resulting powder was classified to obtain a
mean grain size between 25 and 45 pm in
diameter. To obtain hydrogen storage thin films
that showed high resistance to pulverization
and fatigue, thin films were prepared by the
flash evaporation process using the pulverized
LaNis powders on polyimide substrate (Kapton
(R) 500V, DU PONT-TORAY Co. Ltd.). The
substrate temperature was varied from 297 K to
386 K. The base pressure was less than 1.0 x 10
> Pa. The dimensions of the polyimide
substrate were 18 mm in width, 18 mm in
length, and 0.125 mm in thickness. The
chemical composition of the hydrogen storage
alloy film deposited was analyzed by energy
dispersive ~ X-ray  spectroscopy  (EDS:
JSM-6301F, JEOL Ltd.) as LaNis. The
thickness of the LaNis film was sub-micron
mater to prevent pulverization (Yabe, et al.
2003, Honjo, et al. 2003). The deposited
hydrogen storage LaNis alloy films were then
transported to a reaction bed made of silica
glass (see Figure 2). After evacuation for
hydrogen desorption, the material shape change
under different loads was monitored by a video
recorder (Kim, et al., 2001, Yabe, et al., 2003,
Honjo, et al., 2003).
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Figure 2. Schematic diagram of shape change
observation system.

The strain measurement of the actuator was
defined as shown in Figure 3 and equation (1)
to (5). The movable strain (&) was calculated by
equation (1) & (2) using the radius of curvature

(p) at the mid point and a half thickness (77) of
the bending sample. We set the p value equal to
the distance between the interface and the
exterior of the sample, while 7 was defined as
the substrate thickness.

e=n/p (D)

The strain difference (A4¢) yielded by shape
change of the hydrogen storage alloy
bi-polymer before and after hydrogen gas
absorption was defined as equation (2).

A= ¢ & 2)

Here, ¢, is initial strain before the first
hydrogen absorption in glassy reaction tube.
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Figure 3. Schematic diagram of the method for
strain (g).

RESULTSAND DISCUSSIONS

One serious obstacle to applying such a
material to a practical actuator is its load
dependence strain yielded by the shape change.
To evaluate the load dependence, the strain was
measured at different loading stresses. Figure 4
shows the relationship between the applied
hydrogen operation time (S) and the strain
yielded by shape change Ag (ppm) of hydrogen
storage alloy film at different loads. Large
strain was induced long hydrogen operation
time. The large strain over 150 ppm was
observed at above 600 s of operation time of
unloaded sample. When the load was large, the
pressure-strain curve was small. Hence, the
load dependence was observed at hydrogen
storage LaNis alloy film.
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Figure 4. Relationship between applied hydrogen
operation time (s) at hydrogen pressure of 3 bar
and strain yielded by shape change As (ppm) of
hydrogen storage LaNis alloy film at different loads.

Figure 5 shows the relationship between the
load (g) and the maximum strain yielded by
shape changes A¢(ppm) of the hydrogen
storage alloy film. The load decreased the
maximum strain yielded by the shape change.
The results indicate that the high hydrogen
pressure induced the large strain and could
operate under a large film loading condition.

CONCLUSION

A new high power bi-material actuator,
driven by the large volume expansion of
hydrogen storage LaNis alloy film on a
polyimide substrate, was prepared using a flash
evaporation method. A large strain change was
induced in the material, which was operated by
the hydrogen pressure change. These
measurements suggest that a new hydrogen
storage  alloy-based actuator could be
developed that would be expected for new type
actuator material for fuel cell.
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Figure 5. Relationship between the load (g) and
the maximum strain yielded by shape changes Ac
(ppm) of hydrogen storage alloy film at different
hydrogen pressure (bar).
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