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Abstract

4-probe resistivity measurement technique was used to study hydrogen
A-D(Absorption--Desorption)kinetics on Pd films(18 to 67nm thick) from 25 to 50T,
from 0 to 5 torr hydrogen pressure. Pd films were made on sapphire substrate by
thermal evaporation technique under high vacuum at room temperature. Upto about
100 hydrogen A-D cyclings, no pulverization was observed, but film was detached
partially from substrate. Forward reaction and backward reaction rate were analyzed
separately. The activation energies of hydrogen A-D processes were obtained from
the Arrhenius plot of the reaction rates. The activation energies of Pd films are not
strongly dependent on the thickness of the film. But the activation energy of very
thin film(18nm thick) was smaller than the others’.
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1. INTRODUCTION

Most

absorption metal

of bulk material of hydrogen
pulverize after several
hydrogen  absorption and  desorption
process(A-Dprocess). Hydrogen absorption
kinetics changes due to the pulverizaton,
of

i.e. surface area of particle and

which changes physical properties
samples,
contact area between particles. But it is
not easy to see pulverization in thin film
metal-hydrogen system”. We can observe
size effect in hydrogen absorpﬁon kinetics
due to the difference of film thickness® .
Pd film was made by thermal evaporation
for hydrogen absorption kinetics
experiments. Hydrogen gas was introduced
to the

concentration change

sample and measure hydrogen

in time by using
resistivity measurement technique at the
temperature range between 25 and 50C.

Activation energy of hydrogen absorption-—

desorption process in the a phase were
calculated by analyzing kinetics data of
the sample.

2. THEORY

Most of previous articles of hydrogen
absorption Kkinetics research did not deal
forward reaction and backward reaction
separately. In this work we analyze two

reactions separately.

/A

nHy

Reaction rate is given as v
dnu/dt, where A is the surface area,
the number of moles of hydrogen, and t
the time. The rate of the hydrogenation is
given by the difference of the rates of the
The

forward reaction rate is a function of the

forward and backward reaction.

hydrogen pressure and of the hydrogen
concentration, the backward reaction rate

is only a function of the hydrogen
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concentration”.
v =v (P Xu) - v (Xn) ()
In the hydrogenation the forward and

the backward
simultaneously. In the dehydrogenation the

reaction occur
hydrogen pressure is virtually zero and
only the backward reaction occurs. Thus
we can calculate the forward reaction
contribution in the hydrogenation by using
the aphase of Pd, the
and backward reaction

equation (1). In
forward reaction

rates are given as follows;

- 1

v sk Pp ——— (2)
1+ KXH

- KXy

vk ———— (3)
1 + KXy

where Xu i1s the hydrogen
concentration, Puz the hydrogen

pressure, k and k' the rate constants,
and K the equilibrium constant for
the adsorption equilibrium.

3. EXPERIMENTS

Pd films(Imm X 10mm) were evaporated
thermally on the sapphire substrate in
high 1~20 X

vacuum ( pressure=

10 "torr ) . The substrates were heated 30
0~350TC for good
substrate. The evaporation rate is about 1
A /sec and the distance between the
substrate and Pd source(purity = 99.99%)
is about 20 cm. The thickness of the

sample was monitored by quartz crystal

adhesion of film to

thickness monitor. Ultrasonic  wedge
bonder was used to make connection lead
(25u4m diameter Al wire) for resistivity
measurement. Sample length for resistivity
measurement is about 6mm long. Pd
wire(0.127mm diameter, 8mm long) was
prepared to see bulk properties.

99.999%) was

used for hydrogenation of the sample.

Hydrogen gas (purity =

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 measured by 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).

Films were hydrogenated upto 2 torr
hydrogen pressure and dehydrogenated at
This

times{18nm

30C for activation. process was
sample: 13
67nm

sample: 91 times) until the resistivity of

repeated several

times, 3lnm sample! 47 times,

the sample reaches the equilibrium value,
The
discharged hydrogen by electrolysis in

wire sample was charged and
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HzSOs4 with 1~200mA, 3~60 minute 61
times for activation. The resistivity of
1~2%
sample

about
The
was hydrogenated upto 5 torr hydrogen

sample were decreased

during activation  process.

pressure and dehydrogenated to measure
hydrogen absorption-desorption kinetics in
the temperature range between 25 and 5
0C in the a phase.

4. RESULTS AND DISCUSSION

The change of the resistivity of the Pd
sample is linear to the change of the
hydrogen concentration in the « phase.
Thus the
sample can be obtained by measuring the
resistivity of the
concentration Xy o« AR/Ro, where Ry is

AR 1s R - Ry, R is

hydrogen concentration of

Hydrogen

film.

initial resistance,

resistance of the sample during
hydrogenationm. The rate of reaction v
was calculated from hydrogen

concentration vs. time plot. Fig. 1 shows

typical hydrogen concentration vs. time
plot. Fig. 2 shows reaction rate vs. time
plot (data were obtained from Fig. 1).

To separate forward reaction part _\:
during absorption process Eqg. (1) was
used. To get vy value, which 1s v value
when Xu = 0, equation (2) was rewritten

as
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Figure 1. Hydrogen concentratoﬁ vs.
time plot of Pd film(67nm thick) at
35T
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Figure 2. Reaction rate vs. hydrogen
concentration plot of Pd film(67nm

thick) at 35C
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1 K 1
= XH + — (2) !
% k Pue k Pu
vo was determined by extrapolating

curve in the 1/v vs. Xu plot. And initial
forward reaction rate was given by vy =
K Pu2. The slope of the best fitted line in
vo vs. Puys plot gives the k value. Plot of
Ink vs. 1/T gives the activation energy of
the forward reaction. Fig. 3 shows the
activation energy vs. thickness of the
sample.

rewritten for the

Equation (3) was

analysis of backward reaction as follows;

Xn 1 1 1
= + (3)

v k'K Xy k’
k' was determined by extrapolating the
line in the Xw/v vs. 1/Xuy plot. The

Arrhenius plot gives the activation energy
of the backward reaction. The activation
energy of the samples can be seen Fig. 4.

When we compare Fig. 3 and Fig. 4,
the wvalues of activation energy of
backward reaction are larger than that of
forward reaction. This property is very
similar to the bulk’s[5]. This can be seen
directly

from Fig. 1, ie  absorption

process is much faster than desorption
process. Activation energies of Pd films
dependent on the

film. But

are not strongly

thickness of the activation

thick) is

Error in

energy of very thin film(18nm
rather smaller than the others’.
the activation energy of film is rather
large. This might be due to geometry
change or surface condition change during
A-D process. In contrary to these results
the  thickness

pressure-resistivity

dependerice of the
(P- 4R/Ro)
More
be needed for better

change

. 6-7)
relation was observed “.
experiments will

understanding of this mechanism.
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Figure 3. Activation energy of forward
reaction vs. thickness of Pd film at
25~50C. @ is present work and ©
is Auer and Grabke’s work.
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Figure 4. Activation energy of backward
reaction vs. thickness of Pd film at
25~50°C. 4@ is present work and <
is Auer and Grabke's work.

5. CONCLUSION

4-probe resistivity measurement
technique was used to study hydrogen
A-D kinetics on Pd films(18 to 67nm
thick) from 25 to 50C, from 0 to 5 torr
hydrogen pressure. Forward reaction and
backward reaction rate were analyzed
The of

energy of backward reaction were larger

separately. values activation
than that of forward reaction. But the
activation energies of Pd films were not
strongly dependent on the thickness of

the film.
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