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Abstract: The MI( La rich mischmetal) films with a thin Pt layer on the substrate of chemically coarsen ITO glass or silicon
slices were prepared by magnetic sputtering technique. The crystal structure and surface morphology of the films were investigated

by X-ray diffraction( XRD) analysis and atomic force microscopy( AFM) , respectively. The electrochemical hydridation/ dehydrr

dation behaviors of the films in KOH solution were studied by using cyclic voltammagraph and electrochemical impedance spectrum
(EIS) as well. The AFM results show that the Pt cover layer on the Ml films is of island structure with a grain of 150 =200 nm in
size. The presence of a thin Pt layer can provide sufficient high electrocatalytic activity for the electrochemical charge- transfer re-

action. The electrochemical reduction and oxidation reaction occur on the Pt layer, and the diffusion of H into the M1 film is the

rate controlled step. The Pt coatings also act as protective layers, preventing oxidation and/ or poisoning of the underlying M1 films

in air.
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1 INTRODUCTION

In recent years, more and more functional materials
based on rare-earth( RE) have been developed, especially
the extensive researches of RE-H system have resulted in
the discovery of the hydrogen storage alloys and their ap-
plications in nickeFmetal hydride secondary battery! " .
In 1996, Huiberts et al' > * first reported the dramatic re-
versible change in the optical property of metal/ hydride
films of yttrium during hydrogen adsorption/ desorption.
By changing the hydrogen concentration within the rare-
earth films, the optical appearance of the film changes
from mirrorlike for the dihydride composition to highly
transparent for the trihydride compound. The studies of
Sluis et al'® disclosed that most other rare-earth films,
such as lanthanum and cerium can also exhibit the re-
versible changes in optical properties during gas hydrogen
absoroption/ desorption process. Besides the gas phase
hydrogen loading, electrochemical charging was also re-
ported by Notten et al'® to much more rapidly and conve-
niently achieve the reversible optical switching character
istics of yttrium, lanthanum and magnesiunr lanthanum
films. Compared with the normal electrochromic materials,
such as WO3 and V,0s, the novel rare earth films show

the wider range of the transparent amplitude ! *The corre-
sponding theory for metal hydrides with switchable optical
properties was put forward by Ng et al'”. Among these
studies, the reports on the electrochemical behaviors of
the rare-earth films was rare, especially the investigation
on the rare earth films by electrochemical impedance
spectrum technology. The previous works' > ® have shown
that a thin Pd top coating is essential for loading and un-
loading the Y films with hydrogen gas. These Pd coatings
act as the protective layers against Y oxidation, and also
provide the sufficient catalytic activity for hydrogen
molecules dissociative adsorption and associative desorp-
tion. In this paper, we select Pt as the protective layer
and prepare Pt/ Ml Larich mischmetal films on the ITO
glass and silicon slice substrate by magnetron sputtering
technology, and studies the crystal structure and the elec

trochemical behaviors of the prepared films.
2 EXPERIMENTAL

Pt-coated Learich mischmetal (Ml) films were pre-
pared by magnetically sputtering coating techniques on the
chemically pretreated ITO glass and the silicon slice sub-

strates. Before sputtering, the chamber was first evacuat-
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ed to 2.0x 10" * Pa, then filled with pure Ar up to 0. 25
Pa. The compositions of raw materials are as follows. Pal-
ladium 99. 9% ( Institute of Yunnan Precious Metals) ;
Larrich mischmetal ( Shanghai Yuelong Nonferrous Metals
Company) : 77.7 %la, 3.2 %Ce, 17.4 %Pr, 1.7 %
Nd( in mass fraction). Two Pt/MI films with different
thickness, ie, Pt(5 nm)/MI( 189 nm) and Pt(20 nm)/
MI( 945 nm) , were prepared. The thickness of the films
was calibrated by optical method. The asprepared films
were kept in air without any protection.

The Pt/ mischmetal film electrodes were tested in a
conventional three-electrode electrolysis cell in which the
counter electrode was NiIOOH (with a much larger capacity
than that of the working electrodes), the reference elec
trode was Hg/ HgO/ KOH (6 mol/L), and the electrolyte
was 6 mol/LL KOH solution. All of the electrochemical
charging/ discharging tests were performed with an EG&G
273A potentiostat/ galvanostat at room temperature. And
the electrochemical impedance spectrum ( EIS) measure-
ments were carried out by using an EG&G 273A potentio-
stat/ galvanostat along with a 5210 lock-in amplifier. The
frequency is ranged from 0. 01 Hz to 100 kHz at various
DC potentials from zero to — 200 mV vs Hg/ HgO/ KOH
(6 mol/L). A small AC signal of 10 mV in amplitude
was used to perturb the electrochemical systems.

The XRD analyses were conducted by a Rigaku D/
max-I1IB diffractometer, using Cu K4 radiation in the 2 0
range from 20° to 90° with a scan rate of 4°/min. The
morphologies of the rare earth films were observed by an
atomic force microscopy( AFM) . The scan time was 2 s,
brightness threshold was 0. 71, scan range was 2. 0 Hm X
2.0 Hm, image size was 400 x 400 dots, and three-di
mensional range was 1.0 Mm% 1. 0 Pm x 0. 1 Pm.

3 RESULTS AND DISCUSSION

3.1 Crystal structure and morphologies of Pt/ Ml
films

Fig. 1 shows the XRD patterns of the as prepared
Pt/ Ml films deposited on ITO and silicon slice substrate.
As shown in Fig. 1(a), for Pt(5 nm)/MI( 189 nm)/ITO
film, the intensity of Pt diffraction peak is very low due to
the thin Pt layer( about 5 nm). No diffraction peak from
the pure rare-earth elements is observed. However, the
peak of LayO3( 101) is very high. It indicates that too
thin layer of Pt cannot provide enough protection against
oxidation for the underlying M1 films. When the Pt layer
is increased up to 20 nm, the oxidation of the underlying
MI film is reduced remarkably. For Pt(20 nm)/MI(945
nm) /ITO film as shown in Fig. 1(b), only a weak
diffraction peak of lanthanum oxide LayOs3 is observed.

For the case of Pt(20 nm)/MI( 945 nm)/ silicon film as
shown in Fig. 1(¢), the peak of lanthanum oxide disap-
pears. The results mean that a Pt layer of 20 nm thickness
can provide enough protection against oxidation in air.
However, the protective layer of Pt is thicker than that of
Pt(5 nm) which was reported to provide sufficient protec-
tion and electrochemical catalytic activity' ™.

3
]
b = E
_ £33 & R
(c) = g
= gL, - §E
2 $8 2 0§ 2%
iR R
@z |t g
16 |%: 28
w Zj E%
MW
0003 40 S0 60 0 80 90
20/(%)

Fig. 1 XRD patterns of different Pt/ M1 films

deposited on ITO and silicon slice substrate
(a) —ITO substrate, Pt(5 nm)/MI( 189 nm) ;
(b) —ITO substrate, Pt(20 nm)/MI(945 nm) ;
(¢) —Silicon slice substrate, Pt( 20nm)/MI(945 nm) ;
(d) —ITO substrate, Pt(20 nm)/MI1(945 nm), after

electrochemical charging/ discharging

At room temperature, o La with an HCP structure is
stable. However, in our experiment, La was found to be
the B-La with a cubic structure. As the transformation en-
thalpy AH o~ pof arLa to B-La is only 0. 36 kJ/mol La,
the formation of B-La is available.

Based on the XRD, the crystal structures and lattice
parameters of both Pt and La are calculated and presented
in Table 1.

Table 1 Lattice parameters of Pt and

La in different films (107 "' m)
. La Pt
film (FCC) (FCC)
PU(5 nm) / MI(945 nm) / ITO - a=3.915 8
Pi(20 nm) /MI(945 nm) /TTO a= 5.2638 a= 3.915 8
Pt(20 nm) /MI1( 945 nm) / Si a=5.2627 a=3.9122
Pt(20 nm) / MI( 945 nm) / ITO 0= 5.5946 a= 3.9177

(after charging/ discharging)
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The lattice parameter of Pt is almost the same for the
different film electrodes. The lattice parameters of both Pt
and La in Pt/ MI/ ITO and Pt/ M1/ Si films are also simi-
lar. The different substrate materials have no evident im-
pact on the crystalline properties of the films.

However, after several electrochemical charging/ dis-
charging cycles, the film electrode was discharged to the
cutoff potential at a discharge current of 1. 25 mA/cm?,
then the electrode was rinsed with water and dried in air
for further XRD test. The lattice parameter of La( 111)
increases from 5. 263 8 x 10° ' m for the untested sam-
ple to 5.594 6 x 10" ' m. The corresponding expansion
ratio of 5.59% in a-axis direction indicates the existence
of residual hydrogen in films. A little expansion in a- axis
direction is also observed for Pt layer after charging/ dis-
charging.

The morphology of the Pt/ M1/ ITO film was observed
by AFM analysis. As shown in Fig. 2, the top Pt coatings
of the asprepared films do not form a flat and smooth
coating like the Pd/Y film reported by Notten et all '
The Pt coatings were of island structure, and Pt particles
with an average size of 100 ~ 200 nm were piled up each
other with the clear boundary. After electrochemical
charging/ discharging process, Pt particle sizes of Pt
grains have a slight decrease to 100 = 150 nm due to the
corrosion of rare earth element in KOH solution. As
shown in Fig. 2('b), an obvious corrosion phenomenon

can be observed.

3.2 Electrochemical behaviors

Fig. 3 plots the electrode potential of the Pt (20
nm) / MI( 945 nm) / ITO film during the first galvanostatic
charging. Before charging, the electrode potential is near
to zero. Immediately after applying a charging current of
0.6 mA (the current density is 1. 25 mA/cm®), the po-
tential shifts negatively to about — 0. 35V, then decreas

electrode potential only decreases slightly with the charg-
ing time, and an obvious a+ B potential plateau occurs.
When the charging time is above 25 min, the potential
electrode has a remarkable significant drop.

In the gas hydrogen loading process'® | at first, the
hydrogen molecules on the surface decomposes and forms
adsorbed hydrogen atom(H.q) via the electro catalytic ef-
fect of Pd or Pt. Subsequently, the adsorbed hydrogen
atoms can be transported into the bulk of the solid via sol-
idtstate diffusion, which results in the absorbed hydrogen
(Heb) . The reactions can be represented by

Hy <2H.q (1)

Haa <Ha, (2)

If the hydrogen loading/ unloading process is accomr
plished by electrochemical method, the following electro-
chemical reactions will take place:

1) Electrochemical charging

(1) The adsorbing hydrogen formed at Pt surface:

Pt+ H,O+ e H(Pt)+ OH™ (3)

(2) The absorbing hydrogen on Pt surface diffuse to
the interface of MI:

Haa( Pt) ~ Hap( P) (4)

(3) The bulk hydrogen reacts with the bulk MI to
form the hydride:

—5 H
M+ Ha( Pt) ~ MH, ( a)——MIH,
+ H

MIH, (5)
2) Accordingly, the corresponding discharging pro-
cess can be expressed as follows.

MH, —MIH,+ Ho(PY) (6)
Ha( Pt) —Hoa( Pt) (7)
H.q(Pt)+ OH — " Pt+ H,0 (8)

It was reported”! that the dihydrides of rare earth
metals( RE) are electronically conductive, and the elec

trochemical reaction can easily occur on the surface of RE

es with the charging time. In the region of a+ B, the

Fig.2 AFM photographs of Pt/M1/ITO film electrodes
(a) —As deposited(2. 0 Pm x 2. 0 Pm) ;

(b) —Three dimensional photo of Pt/ M1/ ITO film
after charging/ discharging( 1.0 Pm x 1.0 Hm % 0. 1 Hm)
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Fig. 3 Dependence of electrode potential
on charging time of Pt/ M1/ ITO films
(Pt layer 20 nm, MI layer 945 nm,
specimen size 0. 8 em % 0. 6 cm; charging
current density 1.25 mA/ em®, temperature
15 'C. a phase corresponds to soluble

hydrogen in M1 bulk, and B phase to
La dehvdride and trihvdride)

dihydride. So the extra electrochemical reaction will take
place, which provided that the thin Pt cover layers do not
form a fully closed coating.

MH‘I2+ tzO ‘-M]I‘I2+ xt xOH™ (9)

Among the above-hypothesized step-by-step reac-
tions, the slow diffusion of hydrogen atom in the bulk of
MI films is believed to be the rate-controlled step. Fig. 4
depicts the cyclic voltammagraph curves of the Pt ( 20
nm) /MI( 945 nm)/ITO film. The obvious oxidation/ re-
duction current peaks indicate the sufficient electro-
catalytic activity for the electrochemical reactions with the
Pt layer. Three pairs of current peaks occurred during the
cyclic voltammagraph measurements. The first pair of cur-
rent peaks(1 and 1) around — 0. 15 V may be ascribed
to the reduction/ oxidation of Pt on the top layer of the
film. The second set of peaks(2 and 2') appeared near to
- 0.55V is corresponded to reaction(3) and (8), re
spectively. The third pair of peaks(3 and 3') may be as-
cribed to reaction(9) .

Fig. 5 shows the electrochemical impedance spectrum
of the Pt(20 nm)/MI1(945 nm)/ITO film electrode. As
shown in Fig. 5, the electrochemical impedance spectrum
of the Pt/ MI/ITO film electrode is composed of two semr
circles, of which the high frequency zone is negligible( as
shown in the enlargement picture in Fig. 5) and the low
frequency zone is very large. Based on the analysis of the
electrochemical reaction occurred on the MI films, the
high frequency zone is corresponded to reaction( 3) and
According  to

the low one to reaction ( 5).

the previous EIS theory'”, the semr circle appeared
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Fig. 4 Cyclic voltammagraph curve
of Pt/MI/ ITO film
(Pt layer 20 nm, MI layer 945 nm,
scan rate 100 mV/s, temperature 15 C)
100
80
80 - o
= 49 .
®
60 r
< 0 10 20 30
g RIQ
40 r
20 e * o
o’ »
'.
0 50 100
RQ

Fig. 5 Electrochemical impedance spectrum

of Pt/ MI/ITO film

(surface area of film electrode: 0.5 cm®)

in the low frequency indicates the Warburg impedance
with the semr infinite characteristic. The solid diffusion
process, 1. e., the diffusion of hydrogen atom, is the

rate- controlled step.
4 CONCLUSIONS

M1 films capped with a thin Pt layer are prepared by
magnetic sputtering coating technique on ITO and Si slice
substrates. The Pt layer on the as prepared films is of is-
land structure with the grain size of 150 = 200 nm. The
presence of 20nm Pt layer can effectively protect the rare
earth metal sub-layer against oxidation in both air and
electrochemical environments and provide the necessary
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electro- catalytic activity for the electrochemical charge

transfer reaction. The electrochemical reduction and oxi

dation reaction occurs on the Pt layer, and the diffusion of
H in the M1 film is the rate- controlled step.
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