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Abstract

4-probe resistivity measurement technique was used to study kinetics of hydrogen
absorption on Pd film (180A thick) in the a phase. Hydrogen gas was introduced to
the activated Pd film. For very low hydrogen concentration the following rate law is
valid in a phase very thin Pd film
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which is similar to that of bulk. The activation energy of the forward reaction is
4.6kcal/mol H and of the backward reaction 8.4kcal/mol H, which yields the reaction
enthalpy -3.8kcal/mol H in the temperature range between 25 and 40TC. The values
of activation and enthalpy of thin film are rather smaller than that of bulk sample.
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This may be due to surface area difference between bulk and film.
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1. INTRODUCTION

Most of bulk material of hydrogen
absorption metal pulverize after several
and desorption

hydrogen absorption

process(A-D process). Hydrogen
absorption kinetics changes due to the
which changes physical
properties of samples, i.e. surface area

of particle and contact area between

pulverizaton,

particles, But it is not easy to see
pulverization in thin film
metal -hydrogen system“). We can observe
size effect in hydrogen absorption
kinetics due to difference of film
thickness'*™,

Very thin(180A thick) Pd film was
made by thermal evaporation for hydrogen

absorption kinetics experiments,
Hydrogen gas was introduced to the
sample and measure hydrogen

concentration change in time by using
resistivity measurement technique at the
temperature range between 25 and 40T.
Activation energy and reaction enthalpy
of hydrogen absorption process in the a
phase calculated by analyzing
kinetics data of the sample.

were

2. THEORY

Most of previous articles of
absorption kinetics research
deal forward reaction and
reaction separately. In this
analyze two reactions separately.

Reaction rate
dny/dt, where A is surface area,
mol of hydrogen, t is time. The rate of
the hydrogenation is given by the
difference of the rates of the forward

hydrogen
did not
backward
work we

1/A
ny is

.is given as Vv
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The forward
reaction a function of the
hydrogen pressure and of the hydrogen
concentration, backward reaction rate is

and backward reaction.
rate is

only a function of the hydrogen
concentration'®
—> —
v =V (Pu, Xu) - v (Xu) (1)

In the hydrogenation the forward and
the backward
simul taneously,

reaction occur
In the dehydrogenation
the hydrogen pressure is virtually zero
and only the backward reaction occurs.
Thus we calculate the
reaction contribution in

forward

the
hydrogenation by using equation (1). In
the a-Pd the forward reaction and
backward reaction rate are given as
follows

can

v=kP ! (2)
V= K 1 + KXy
— KXy
- k' —————
Y 1 + Kk (3)
where Xu is the hydrogen
concentration, Pw; is the hydrogen
pressure, k and k' are rate
constants, K 1is the equilibrium
constant for the adsorption
equilibrium.
3. EXPERIMENTS
Thin Pd(1.0X4.0 ma’, 180A thick)

film was evaporated thermally on the
glass substrate (Corning 2948) in ultra
high vacuum ( pressure= 10 torr ) at room

temperature, The evaporation rate is
about 1 A sec and the distance between
the substrate and Pd source is about 20
cm, The thickness of the sample was
monitored by quartz crystal thickness
Ultrasonic

used to make connection

moni tor, wedge bonder was
lead (25um
Hydrogen gas (purity
= 99.999%) was used for hydrogenation
of the sample. The pressure was measured
by pressure transducer (WIKA Model
1290). The 4-probe resistivity was
measured by using DMM(Keithley Model
196) and temperature is
using PT-100 via DMM(Keithley Model
195A). All of the above data were
collected by PC(IBM AT) via HP-IB
interface card (HP Model 82335). To see
the thermal annealing effect, the sample
was heated under vacuum at 290C. To see

diameter Al wire).

measured by

activation process the sample was
hydrogenated wupto 5 torr hydrogen
pressure for 20 minute and

dehydrogenated for 20 minute at 257TC.
This process was repeated 27 times. The
sample was hydrogenated upto 8 torr
hydrogen pressure and dehydrogenated 27
times to measure hydrogen absorption
kinetics in the temperature range
between 25 and 40C in the a phase.

4. RESULTS AND DISCUSSION

The resistivity of the sample(as made)
was 85u Qcm which is about 8 times
larger than that of the bulk, 11z Qcm.
But the resistivity of the sample was
decreased to 40u Q2cm after annealing
(at 2907C), which is still larger than
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that of the bulk sample. This may be due
to removing the defects from annealing.
To see hydrogenation activation process,
hydrogen was introduced upto 5 torr and
removed by pumping sample chamber at
room temperature. As you can see in the
Fig. 1, the resistivity of the sample
was decreased gradually to 12th A-D
(about 0.5 %) and was about constant
value after 12th A-D. This indicated
that the sample was activated and ready
for kinetics measurements. The change of
resistivity of the activated sample was
measured at 25, 30, 35, 40C for various
hydrogen pressure. The change of the
resistivity of the Pd sample is linear
to the change of the hydrogen
concentraion, But the rate of
resistivity change of the bulk is not
the same as that of the film. For 180A
thick Pd film hydrogen concentration can
be calculated by Xy = (11/3) AR/R,,
where Ro is initial resistance, AR is
R - Ro, R is resistance of the sample
during hydrogenation [6].
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Figure 1. The AR/Ry vs. hydrogen A-D
cycling for PdH, film 180A thick at
257C.
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Figure 2. Hydrogen absorption and
desorption on PdH«(25TC, 1torr)
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Figure 3. Plot of reaction rate vs.
hydrogen concentration of PdH«(25T,
1torr)
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Figure 4. Plot of 1/forward reaction

rate vs, H concentration of PdH.(25TC,

1torr)
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Fig. 2 shows the typical hydrogen
concentration change in time.The rate of
reaction was calculated from hydrogen
change curve (see Fig. 3). In the Fig.
3, the positive part of the v is v term
and the negative part is v term in
equation (1). Thus v can be obtained by
v + v. To get vo value, which is v value
when Xy = 0, equation (2) was rewritten
as

1 K 1
= X ———— ‘
\Y k Pu W k Puo (2)

vo was determined by extrapolating
curve in the 1/v vs. Xy plot (Fig. 4).
And initial forward reaction rate was

given by vo = k Pw(Fig. 5). The slope
of the best fitted line in vo vs. P
plot gives the k value. Plot of lnk vs,
1/T gives the activation energy of the
forward reaction (Fig. 6). The
activation energy was obtained E. =
4. 6kcal/mol H for Pd film.

Equation (3) was rewritten for the
analysis of backward reaction as follows

Xu 1 1 1

v - XK X% Tk (3)

k’ was determined by extrapolating the
line in the Xw/v vs. 1/Xu plot (Fig. 7).
The Arrhenius plot gives the activation
energy of the backward reaction, The
activation energy was obtained as E. =
8.4kcal/mol H. The difference of the
activation energy of the forward and
backward reaction is the enthalpy of
reaction, which was -3.8kcal/mol H for
the Pd thin film (180A thick).
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Figure 5. Plot of initial forward
reaction rate vs. H pressure for PdHy
at 25C (180A thick)
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Figure 6. Arrhenius diagram for the
rate constant of forward reaction on
PdH.(180 A thick)
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Figure 7. Plot of Xu/v vs. 1/X4 of Pd
film(25°C, ltorr -Dvac.)
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This is rather smaller than that of H. L. M. Bakker, R. Griessen, D. G.
the bulk(Pd foil -4, 7kcal/mol H [5]), de Groot, J. of Phys. F, 13, L13-L18,
which may be due to surface area 1983
di fference between bulk and film. 5. W. Auer and H. J. Grabke, Berichte
5. CONCLUSION der Bunsen-Gesellschaft, 78, 58-67,

1974
The measurement of the resistivity 6. R. Feenstra, private communication,
change of the Pd film was very easy and
useful tool to monitor of the hydrogen
concentration change. The activation
energy of the forward and backward
reaction, and reaction enthalpy are
rather smaller than that of the bulk
sample, Future work will be focused on
the depandence of film thickness on the

activation energy in order to
investigate the present experiment
results,

ACKNOWLEDGEMENTS

Authors  thank Sang-rok Kim and
Sung-rae Lee for sample preparation.
This work was supported by Korea Sanhak
Foundation Fund, 1996. Authors are
grateful to the fund.

REFERENCES
1. H. Sakaguchi, N. Taniguchi, H. Nagai,
K. Niki, G. Adachi, and J. Shiokawa,
J. Phys. Chem, 89, 5550-5552, 1985.
2. M. Lee and R. Glosser, J. Appl. Phys,

57, 5236-5239, 1985.

3. H. Sakaguchi, Y. Yagi, N. Taniguchi,
G. Adachi, and J. Shiokawa, J. of
Less-Common Metals, 135, 137-146,
1987.

4. R. Feestra, G. J. de Bruin-Hordi jk,

..30._



