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A B S T R A C T

We investigated mass transports during hydrogen adsorption and absorption processes of PdCu alloys that has
advantages of higher hydrogen diffusivity and economically lower-cost than the other Pd-alloys. The research
was made with a comparison of the well-known ordered phase of the bcc structure (the B2 phase) and a mixed
phase of the fcc and B2 structures. In-situ ultrahigh vacuum X-ray photoelectron spectroscopy (UHV-XPS) and
ambient pressure X-ray photoelectron spectroscopy (AP-XPS) using synchrotron radiation were carried out to
trace the chemical states of the Pd and Cu atoms as a function of temperatures. It is newly elucidated that the
initial adsorption and absorption processes were similar in the two phases, but a hydrogen diffusion rate to the
bulk was apparently higher in the ordered phase than in the mixed one. We found the dynamics of the Pd and Cu
atoms during the hydrogen adsorption/absorption processes largely depends on temperature. In the hydrogen
atmosphere, the Pd atoms segregate at the surface below 373 K and Cu atoms segregate at the surface above
373 K, showing a reversal behavior. The present results agree well with the previous theoretical calculations and,
thus, provide appropriate inputs toward developments of the industrial hydrogen permeation materials.

1. Introduction

Pd-based alloys have recently attracted much interests of re-
searchers as the hydrogen permeation materials that possess the higher
hydrogen permeability and suppress the hydrogen embrittlement
compared to elementary substance of Pd [1–7]. PdCu alloys, especially
so-called “PdCu40 alloy”, has relatively higher hydrogen diffusivity than
those of the other Pd-alloys (PdAg, PdAu, PdRh, etc.), improving the
permeability efficiency, and high contents of Cu benefits economically
by reducing material costs and by eliminating usage of rare metals.
Moreover, Pd-Cu-H exhibits much smaller volume expansion and
withstands thermal cycling in hydrogen permeation better, for example,
than with PdAg [8].

Despite these advantages of PdCu alloys in the application fields, it
leaves further improvements in microscopic aspects. For instance, hy-
drogen solubility of the face-centered cubic (fcc) structure of a PdCu
alloy is approximately one order of magnitude higher than that of body-
centered cubic (bcc) structure [9,10]. Many theoretical efforts, how-
ever, have resulted in proposing different performance in the hydrogen

diffusivity and solubility with phase structures [11–15]. Further ex-
perimental evidence has been needed to settle this issue.

The hydrogen permeation generally follows the solution-diffusion
mechanism, including 5 steps: (1) dissociative adsorption of H atoms on
the surface, (2) dissolution of H atoms into the bulk, (3) diffusion of H
atoms through the internal bulk, (4) association of H atoms on the
surface on the opposite sides, (5) desorption as H2 molecules from the
surface. The step (3) has been accepted as the rate-limiting process of
hydrogen permeability according to the Sievert's law [16,17], and thus
it has been improved by reducing the membrane thickness to sub-μm.
Now, the steps, (1) and (2), have become more significant to raise the
permeation rate.

In the present research, we traced Pd and Cu atoms during hydrogen
adsorption and absorption processes that are elemental in the steps (1)
and (2) by the individual core-level photoelectron spectroscopies under
the hydrogen atmosphere. The experiments were carried out with PdCu
alloys with an ordered phase of the bcc structure (the B2 phase) and a
mixed phase of the fcc and B2 structures to examine a microscopic role
of the phase structure. Compared to the mixed phase, a hydrogen
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diffusion rate in the bulk was apparently higher in the ordered phase.
On the other hand, the dynamical behaviors of the Pd and Cu atoms
interaction with hydrogen in the two phases were basically similar to
each other and they were found to depend much on temperature. In the
hydrogen atmosphere, surface segregation proceeds with Pd atoms
below 373 K, while, inversely, with Cu atoms above 373 K. These re-
sults provide significant information in designing and in fabricating the
optimized PdCu alloys for the hydrogen permeability [18].

2. Experimental

2.1. Sample preparation

Samples of the PdCu40 polycrystalline alloy (ϕ12.4 mm, d=0.1mm
thickness) were supplied from Tanaka Kikinzoku Kogyo K.K. The bulk
composition of as-received sample is nominally 60 wt% Pd and 40wt%
Cu (atomic ratio: 47.25% Pd, 52.75% Cu). Prior to the experiment, an
ordered bcc phase (B2 phase) of the PdCu crystal was prepared by
annealing at 673 K for 1 h. This process induces the phase transforma-
tion from the unstable fcc phase to the stable B2 phase. In order to
obtain a fcc/B2 mixed phase structure, the B2-phased PdCu alloy was
further annealed at 1000 K for 10min by three cycles. The phase
structures of the PdCu alloys were determined by X-ray diffraction
measurements using a powder X-ray diffractometer (PANalytical
X'PERT-Pro, Cu Kα radiation, λ=1.5405 Å). Fig. 1(a) and (b) show the
XRD patterns of the B2- and fcc/B2-phased PdCu alloys, respectively. It
was observed that the PdCu alloy was a fully ordered B2 structure be-
cause there were only B2 peaks exist in the XRD pattern in Fig. 1(a).
The PdCu alloy was a mixture phase of fcc and B2 because there were
both fcc and B2 peaks in the XRD pattern as shown in Fig. 1(b). The
clean surfaces of PdCu alloys were prepared by cycles of the Ar+ ion
sputtering at 1 keV(UHV-XPS) and 0.5 keV(AP-XPS) for 15min and
annealing at 673 K for 2min. The clean surfaces were checked by C 1s
and O 1s XPS spectra.

2.2. UHV-XPS

Ultrahigh vacuum XPS measurements were conducted using
SUREAC2000 [19,20] at the soft X-ray beam line BL23SU [21] at
SPring-8, Japan. The photoelectron spectra were measured using a
hemispherical electron analyzer (EA125-5MCD, Omicron Nano-
technology GmbH). The circularly polarization X-ray was used in the
UHV-XPS measurements, the incident and emission angles were 0° and
53° from the surface normal, respectively. Pure H2 gas (> 99.99999%)
exposure was carried out at 3.8× 10−8 Torr under the base pressure
of< 2×10−10 Torr at 300 K; subsequently, the sample temperature

was raised in a stepwise manner up to 673 K. The Pd 3d and Cu 2p core-
level spectra were recorded at the photon energies of 680 eV and
1100 eV, respectively.

2.3. AP-XPS

Ambient pressure XPS measurements were held at BL07LSU at
SPring-8, Japan [22]. The horizontal linear polarized X-ray beam was
used for the measurement. The incident and emission angles were 68°
and 0°, respectively. The high-pressure pure H2 gas (> 99.99999%) was
introduced into an ambient-pressure gas cell under the base pressure
below 5×10−10 Torr. During hydrogen exposure at 1.5 Torr, the
sample temperature was raised from 300 K to 573 K. The Pd 3d and Cu
2p core-level spectra were measured at the photon energies of 680 eV
and 1100 eV, respectively. The probing depths (3λ) are calculated to be
~2.03 nm for the kinetic energy of Pd 3d Ek(Pd 3d) at 345 eV and
~1.48 nm for Ek(Cu 2p) at 168 eV. Binding energies (BE's) of the
measured spectra were calibrated by the Fermi energy. All the spectra
were normalized by taking the average count of the background pho-
toelectron at the low BE side. The peak position was determined in
individual spectrum by curve-fitting using a Vogit function with the
Shirley-type background.

3. Results and discussion

3.1. Hydrogen-adsorption process studied using UHV-XPS

The hydrogen adsorption processes on surfaces of the PdCu alloys
(B2 and fcc/B2 phase) were studied by measuring in situ the high-re-
solution Pd 3d5/2 and Cu 2p3/2 core-level spectra during the hydrogen
exposure at 3.8× 10−8 Torr at 300–673 K. Fig. 2(a)–(f) show the
evolution of the Pd 3d5/2 spectra under hydrogen pressure at
3.8× 10−8 Torr on the B2 phase. The Pd 3d5/2 spectra on the clean
surface and after the H2 exposure are fit well with two components, one
is located at the BE of 335.21 ± 0.02 eV and the other is at
335.82 ± 0.02 eV. The component located at the lower BE is assigned
to the bulk Pd component, while the one located at the higher BE is
assigned to the surface Pd component. This assignment is based on
sensitivity of the lower BE component with the gas exposure, as de-
scribed below, and also on the core-level shifts of Pd 3d5/2 spectra taken
on the other Pd alloy of PdAg [23,24], in which the surface Pd com-
ponent on the clean surface shifts to higher BE (+0.34 eV) with respect
to the bulk component in the previous works [23,24]. The Pd 3d5/2
spectra taken on the fcc/B2 structure under the same conditions are
depicted in Fig. 2(g)–(l). Similarly, two components (bulk and surface
Pd) are observed on the fcc/B2 structure, whose BEs are
335.23 ± 0.03 eV (bulk Pd) and 335.82 ± 0.03 eV (surface Pd).
Temperature dependence of Pd 3d5/2 on both the B2 and fcc/B2 phases
show that surface Pd components gradually reduces with temperature
above 473 K.

The Cu 2p3/2 region of XPS spectra taken on the clean surface and
after the hydrogen exposure at 3.8× 10−8 Torr at 300–673 K on the B2
and fcc/B2 phase surfaces are shown in Fig. 3. All the Cu 2p3/2 spectra
are fit well with one component, whose BE is 932.07 ± 0.02 eV and
932.02 ± 0.02 eV on the B2 and fcc/B2 structures, respectively. The
observed single component of the Cu 2p3/2 level may be assigned to the
Cu atoms bonded with neighboring Cu or Pd atoms, notated as Cu-M
(M: Cu, Pd). Energy positions of the Cu 2p photoelectrons are rather
insensitive to the chemical environments [25]. Temperature depen-
dence of Cu 2p3/2 spectra taken on B2 and fcc/B2 phases showed no
obvious change during the H2 exposure.

Fig. 4(a) and (b) summarize the intensity variations of surface and
bulk Pd components in the Pd 3d5/2 spectra, observed on the clean
surface and during the hydrogen adsorption at 300–673 K for the B2-
and fcc/B2-phased PdCu alloys, respectively. The intensity of the sur-
face Pd component was enhanced with increasing temperature duringFig. 1. XRD patterns of (a) B2 and (b) fcc/B2 mixed phased PdCu alloys in air.
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H2 exposure at 300–373 K on both B2 and fcc/B2 phases. Conversely,
the intensity of the bulk Pd component was reduced slightly on the B2
phase but significantly on the fcc/B2 phase. These results indicate en-
hancement of the surface Pd atoms and the reduction of the bulk Pd

atoms, which corresponds to the Pd surface segregation. It is noted that
the reduction was observed much significant for the fcc/B2 phase than
for the B2 phase. This may be due to probing depth 3λ of ~2.03 nm that
covers the different number of layers between the fcc/B2 phase (6

Fig. 2. Pd 3d5/2 spectra taken on (a) clean PdCu(B2)
surface, and during H2 exposure at 3.8× 10−8 Torr at (b)
300 K, (c) 373 K, (d) 473 K, (e) 573 K, (f) 673 K on PdCu
(B2) alloy. Pd 3d5/2 spectra taken on (g) clean PdCu(fcc/
B2) surface, and during H2 exposure at 3.8× 10−8 Torr
at (h) 300 K, (i) 373 K, (j) 473 K, (k) 573 K, (l) 673 K on
PdCu(fcc/B2) alloy. The photon energy was set at 680 eV.
Surface and bulk Pd components are shown with green
and blue solid lines, respectively.

Fig. 3. Cu 2p3/2 spectra taken on (a) clean surface, and
during H2 exposure at 3.8× 10−8 Torr at (b) 300 K, (c)
373 K, (d) 473 K, (e) 573 K, (f) 673 K on PdCu(B2) alloy.
Cu 2p3/2 spectra taken on (g) clean surface, and during H2

exposure at 3.8×10−8 Torr at (h) 300 K, (i) 373 K, (j)
473 K, (k) 573 K, (l) 673 K on PdCu(fcc/B2) alloy. The
photon energy was set at 1100 eV.

J. Tang, et al. Applied Surface Science 480 (2019) 419–426

421



layers) and the B2 phase (7 layers).
In the temperature region of 373–673 K, on the other hand, the

surface Pd atom drastically decreased and the bulk Pd atom slightly
decreased with temperature on both the B2 and fcc/B2 phases. The
result corresponds to the Cu transfer from the bulk to the surface of the
PdCu(B2) and PdCu(fcc/B2) alloys, which are in good agreement with
the significant enhancement of the total intensities of Cu 2p3/2 spectra
with the temperature above 473 K, as shown in Fig. 4(c) and (d). The
previous studies of the PdCu-H system also demonstrated a significant
Cu surface segregation on the topmost layer, however, the near-surface
region became Cu-depleted by annealing at 900 K in UHV [26,27].

Table 1 lists the intensity ratios of Pd 3d5/2 and Cu 2p3/2 spectra (I
(Pd 3d5/2)/I(Cu 2p3/2)) on the clean surface and after H2 exposure at
300–673 K on the B2 and fcc/B2 phases. We found that I(Pd 3d5/2)/I(Cu
2p3/2) was almost constant at 300–373 K, while it decreased at
373–673 K for the both two phases. It indicates that there is no com-
position change at 300–373 K, however, an enhancement of Cu content
proceeds at 373–673 K in the near-surface region.

From the above results, evolutions of the alloy composition during
hydrogen absorption can be divided into two temperature regions. At

300–373 K, Pd atoms in the near-surface region segregate to the top-
most layer, in the meantime, Cu atoms on the topmost layer diffuse into
the near-surface region, as shown in Fig. 5(a). At 373–673 K, Cu atoms
segregate to both the topmost layer and near-surface region from the
bulk as shown in Fig. 5(b). The hydrogen molecule is initially dis-
sociatively adsorbed on the surface at 300 K, and the hydrogen cov-
erage θH is gradually reduced by raising the temperature, as the hy-
drogen desorption generally occurs at 280–370 K on PdCu alloy [28].
Therefore, the segregation behaviors are probably influenced by θH,
where Pd segregation occurs at high θH and Cu segregation occurs at
low θH. This strong θH dependence is mainly due to the thermodynamic
stability of the Cu-rich surface at the low θH while the Pd-rich surface is
more stable at the high θH [29]. These results agree well with the
theoretical calculations that a segregation reversal from Cu segregation
at low coverage to Pd segregation at high coverage that in the presence
of adsorbed hydrogen [30]. In addition, there is no phase-structure
dependence during the hydrogen adsorption, therefore the dissociative
adsorption is not the rate-limiting process in the hydrogen permeation.

3.2. Hydrogen-absorption process studied using AP-XPS

Temperature dependence of hydrogen absorption process on the B2
and fcc/B2 phases was observed by measuring the Pd 3d5/2 and Cu 2p3/
2 core-level photoemission spectra during the hydrogen exposure at
1.5 Torr at 300–573 K. The Pd 3d5/2 spectrum taken on the clean sur-
face is compared with those taken after H2 exposure at 1.5 Torr at
300–573 K on the B2 phase, as shown in Fig. 6(a)–(e). There are two
components, the bulk and the surface Pd atoms at the clean surface, as
shown in the Section 3.1. The bulk and surface Pd are located at BEs of
335.03 eV and 335.67 eV, respectively. After the H2 exposure at 300 K,
the Pd 3d5/2 spectra are fitted with the several components. In addition
to the bulk Pd components, one component located at BE of 335.38 eV
can be attributed to the Pd hydride (bulk PdeH), which is similar to the

Fig. 4. Temperature dependences of intensities of surface
(green) and bulk (blue) Pd components in the Pd 3d5/2
spectra obtained on the clean surface and during H2 ex-
posure at 3.8× 10−8 Torr at 300–673 K on (a) B2 and (b)
fcc/B2 phased PdCu alloys. Temperature dependences of
the total intensities for Cu 2p5/2 spectra on the clean
surface and during H2 exposure at 3.8× 10−8 Torr at
300–673 K on (c) B2 and (d) fcc/B2 phased PdCu alloys.

Table 1
The ratios of total intensities of Pd 3d5/2 and Cu 2p3/2 spectra (IPd 3d/ICu 2p) on
the clean surface and during H2 adsorption at 3.8× 10−8 Torr at 300–673 K on
B2 and fcc/B2 phased alloys.

T (K) P (Torr) PdCu(B2) PdCu(fcc/B2)

Clean UHV 0.67 0.68
300 3.8×10−8 0.68 0.68
373 0.69 0.65
473 0.66 0.63
573 0.59 0.57
673 0.50 0.47
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assignment of the Pd hydride in the PdAg alloy [24]. A peak at BE of
335.63 eV probably originates from adsorption of the impurity CO
molecules in the background [24]. As shown in Fig. 6(c), the compo-
nent disappears at 373 K that may be due to the CO desorption. At
473–573 K, the PdeH peak intensity increases significantly, indicating
the enhancement of the Pd hydride formation. In the figures, one can
also find that overall spectra, including the bulk Pd component and the
Pd hydride component, shift to the higher BE side. The spectral feature
may be associated with the changes in the chemical environment in the
bulk PdCu alloy during the hydrogen absorption process. The similar
observations can be found in the fcc/B2 phase in Fig. 6(f)–(j), where
BEs of the surface, bulk Pd, and Pd hydride components are located at
335.77 eV, 335.13 eV and 335.5 eV, respectively. By comparing the B2
and fcc/B2 phases, it is intriguing to note that the Pd hydride formation
in the B2 and fcc/B2 structures show the same behavior at 300–373 K,
however, a larger amount of Pd hydrides are created in the B2 structure
than in the fcc/B2 structure at 473–573 K.

Fig. 7(a)–(e) and (f)–(j) show the Cu 2p3/2 XPS spectra taken on the
clean surface and after H2 exposure at 1.5 Torr at 300–573 K in the B2

and fcc/B2 phases, respectively. The Cu 2p3/2 spectra taken on the clean
surfaces of B2 and fcc/B2 structures are fit well by one component,
whose BEs are 931.88 eV and 932.04 eV on B2 and fcc/B2 structures,
respectively. It is assigned to the Cu-M (M: Cu, Pd), which is the similar
with the Cu 2p3/2 result in the Section 3.1. After the hydrogen exposure
at 1.5 Torr at 300 K, a new component appears at higher BE side with
respect to the Cu-M component, whose BE shift is +0.36 eV in the B2
phase and+0.38 eV in the fcc/B2 phase. This component originates
from the Cu hydride (CueH), because the hydride always corresponds
to the higher binding-energy side due to the electron deficiency of the
Cu atoms caused by the CueH bond formation [31]. It is noted that the
Cu-M component gradually shifts to the higher BE side, whereas the
CueH component shifts to the lower BE side with the increase of
temperature on both the B2 and fcc/B2 structures. It implies the
changes of chemical environment during the hydrogen absorption at
different temperature. The amount of CueH component is reduced by
raising the temperature and the decrease rate of CueH component is
higher in the B2 phase than fcc/B2 phase. Since the PdeH component is
enhanced more largely in the B2 phase than fcc/B2 phase by increasing

Fig. 5. The Schematic illustration of (a) Pd atoms segregation at 300–373 K, and (b) Cu atoms segregation at 373–673 K on the PdCu alloy during hydrogen exposure
at 3.8×10−8 Torr.

Fig. 6. Pd 3d5/2 spectra measured on (a) clean surface,
and under H2 exposure at 1.5 Torr at (b) 300 K, (c) 373 K,
(d) 473 K, (e) 573 K on PdCu(B2) alloy. Pd 3d5/2 spectra
measured on (f) clean surface, and under H2 exposure at
1.5 Torr at (g) 300 K, (h) 373 K, (i) 473 K, (j) 573 K on
PdCu(fcc/B2) alloy. The spectra were taken at photon
energy of 680 eV. Surface Pd component, bulk Pd com-
ponent, CO adsorption component and PdeH component
are presented with green, blue, purple, and yellow solid
lines, respectively.
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temperature, the reactivity of the hydrogen absorption in the bulk is
governed by the Pd sites.

The present research shows that the PdeH formation of the B2
phase is reduced when the phase is mixed with the fcc phase, indicating
the higher PdeH reactivity in the B2 phase than in the fcc phase. On the
other hand, it has been reported that the B2 (bcc) phase has the higher
hydrogen diffusivity and the lower hydrogen solubility than the fcc
phase [9,10,32]. A combination of these facts likely means that the
rate-limiting factor in the hydrogen absorption in near-surface regions
correspond to the hydrogen diffusivity rather than the hydrogen solu-
bility.

The inverse temperature dependences of the PdeH and CueH for-
mations imply that the interstitial hydrogen occupied the different sites
in the bulk at different temperature. Theoretical calculations have
previously been carried out for PdCu alloys with 50% Pd and 50% Cu
contents [13,14,33] and we recall the calculation results since the Pd/
Cu composition ratio is similar to the present case, 47.25% Pd and
52.75% Cu. In the PdCu alloy, there are three possible interstitial H
occupation sites, which are the octahedral sites (O1) and (O2), and the
tetrahedral sites (T) [13,14,33]. Since binding energies (Eb) of the O
sites are calculated, based on density functional theory, to be lower
than those of T sites [34], the T sites are unfavorable and the O sites are
the predominant trapping sites for hydrogen. Thus, we focus on the

hydrogen occupations at the O sites. As shown in Fig. 8, the O1 site
makes the hydrogen bonds with four Pd atoms and two Cu atoms (Pd
rich), and the O2 site creates the hydrogen bonds with four Cu atoms
and two Pd atoms (Cu rich) [14]. Moreover, Eb of the Pd-rich O1 site is
estimated to be lower than that of Cu-rich O2 site on both the B2 and
fcc structures [14], indicating O1 site is more energetically stable than
O2 site.

In the present research, the temperature-dependent Pd 3d5/2 spectra
and Cu 2p3/2 spectra show that the increase in a number of the PdeH
bonds is accompanied with the decrease in a number of the CueH
bonds above 373 K. It indicates that occupations of the interstitial hy-
drogen sites depend on temperature. Considering these points, we can
discuss that hydrogen atoms are initially trapped at O1 and O2 sites
after H2 exposure at 300 K. When the temperature is at 373–573 K,
hydrogen atoms at the O2 sites diffuse to the energetically favorable O1
site throughout the PdCu alloy, and the diffusion rate is further en-
hanced at 573 K since the H diffusivity increases by three orders of
magnitudes from 300 K to 500 K [33]. It can be inferred that the hy-
drogen atoms diffusion from O2 to O1 site behaves more active in the
B2 phase than in the fcc/B2 phase due to the lower activation energy of
the hydrogen diffusion through the bulk of B2 phase [14,35–38].

These results, after all, indicate that, in the near-surface region,
diffusion process is the rate-limiting factor in hydrogen permeation and

Fig. 7. Cu 2p3/2 spectra observed on (a) clean PdCu(B2)
surface, and under H2 exposure at 1.5 Torr at (b) 300 K,
(c) 373 K, (d) 473 K, (e) 573 K on PdCu(B2) alloy. Cu 2p3/
2 spectra observed on (f) clean PdCu(fcc/B2) surface, and
under H2 exposure at 1.5 Torr at (g) 300 K, (h) 373 K, (i)
473 K, (j) 573 K on PdCu(fcc/B2) alloy. The spectra were
taken at photon energy of 1100 eV. Cu-M (M: Cu, Pd)
components and CueH components are presented with
blue and yellow solid lines, respectively.

Fig. 8. Octahedral sites (O1 and O2) of hydrogen atom in the (a) B2 and (b) fcc phased PdCu alloy. The red and pink spheres represent Pd and Cu atoms, respectively.
The small yellow balls stand for the interstitial sites.
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the diffusion rate is higher in the B2 phase than the mixed fcc/B2 phase
or the fcc phase. Our previous work on the PdAg-H system shows that
no hydrogen absorption happens at 300–373 K and suddenly occurs
above 473 K under the hydrogen atmosphere at 1.5 Torr [24]. It is
further confirmed that the activation energy of hydrogen absorption in
the PdCu alloy is lower than that in the PdAg alloy, especially in the low
temperature region of 300–373 K. This can be understood by the higher
hydrogen diffusivity of PdCu alloy than PdAg alloy [39], being con-
sistent to the present discussion of the critical role of the hydrogen
diffusion at the surface region, which further improve the permeability
efficiency in the PdCu alloy.

4. Conclusions

We carried out the in-situ UHV-XPS and AP-XPS measurements to
comparatively and systematically study the hydrogen interactions with
the surface and bulk on the B2- and fcc/B2- phased PdCu alloys during
the hydrogen adsorption and absorption processes. It is found that the
behaviors of the hydrogen adsorption slightly depend on the phase
structures. Interestingly, the reverse surface segregation in the surface
and near-surface regions with the increase of temperature was newly
observed, which was influenced by the hydrogen coverage on the sur-
face. We observed the hydride formation at low temperature region of
300–373 K on the PdCu alloy, which is different from that on PdAg
alloy [24]. The strong temperature and phase-structure dependences
were found during the hydrogen absorption in the PdCu alloy. The
hydride formation is significantly enhanced at 473 K, which corre-
sponds to the hydrogen diffusion from the Cu-rich O2 site to the en-
ergetically favorable Pd-rich O1 site. Further, the activation energy of
the hydrogen diffusion was found to be lower in the B2 phase than that
in the fcc/B2 phase, which caused a larger enhancement of the hydride
formation in the B2 phase. Our elucidation of hydrogen diffusion me-
chanisms on the different phase structures gives a new understanding of
the hydrogen absorption process, which could be the critical point for
the rate-limiting process in the hydrogen permeation through the PdCu
alloy. In terms of perspectives, with the development of the high per-
meability efficiency membrane by reducing the thickness, more atten-
tions should be paid on the interactions of hydrogen with the surface
and near-surface region for well controlling the permeation process.
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