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ABSTRACT

To overcome the hydrogen-induced amorphization and phase disproportionation in the
fast de-/hydrogenation of YFe,, the alloying of partial substituting Y with Zr was carried out
to obtain Y; ,ZryFe, (x = 0.1, 0.2, 0.3, 0.5) alloys. All Y—Zr—Fe alloys remained single C15
Laves phase structure at states of as-annealed, hydrogenated and dehydrogenated. With
the increasing of Zr content, the Y—Zr—Fe alloys showed the decrease in the lattice con-
stants and hydrogenation capacity, but the increase in the dehydrogenation capacity and
dehydriding equilibrium pressure. The alloy Y, 9Zrg 1Fe; showed maximum initial hydro-
genation capacity of 1.87 wt% H, while the alloy Y, sZrosFe, showed highest desorption
capacity of 1.26 wt% with obvious dehydriding plateau. Based on experiment analysis and
first principle calculation of binding energy, the great improvement in the dehydriding
thermodynamics for Y—Zr—Fe alloys is attributed to the change in the unit cell volume,
electron concentration and stability of hydrides due to the Zr substitution.

© 2018 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.

Introduction

[5]. Various A,By intermetallic compounds with different
crystal structures have been developed as interstitial
hydrogen storage alloys. The AB, intermetallics with different

The interaction of hydrogen with intermetallic compounds
has been widely investigated because of their applications in
solid-state hydrogen storage, hydrogen separation, hydrogen
purification and hydrogen sensor [1—4]. Those intermetallic
compounds generally consist of strong hydride-forming ele-
ments A and weak hydride-forming elements B to obtain
adequate formation enthalpy (20—40 kJ/mol H,) of hydrides
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Laves phase structures, is one type of important hydrogen
storage alloy with the A-elements of Ti, Zr, Y etc. and the B-
elements of V, Cr, Mn, Fe.

Many different AB, type alloys have been developed so far
for hydrogen storage and some of them have been success-
fully used in important applications. For instance, the AB,
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type Zr—Ti—V—Cr alloy is used as negative electrode in Ni-MH
battery with much higher capacity than that of ABs alloys
[6—8], while the AB, type Ti—Cr—Mn alloy has been applied in
hybrid hydrogen tank [9]. In addition, the ZrFe, alloy with C15
structure shows the high-pressure hydrogen storage charac-
teristic [10,11], and thus it also has potential application for
hybrid high pressure metal hydride tank [12].

The other type of AB, alloys with the A-side of rare earth
elements (Y, La, etc.) and B-side transition metals (Fe, Ni, Co,
etc.) have C14 or C15 Laves phase structure. However, most of
them are not suitable for hydrogen storage application,
because hydrogen-induced amorphization (HIA) and dispro-
portionation were unavoidable in the de-/hydrogenation
process in this type of AB, alloys [8,13—21]. Take the YFe, for
example, it can absorb deuterium up to 4.2 D/fu. under
moderate temperature and deuterium pressure, and the
crystalline deuterides with various structures can be obtained
at different deuterium content [22]. However, when the hy-
drogenation temperature is elevated or fast during the
hydrogen absorption of YFe,, the tendency is to form amor-
phous hydrides and finally decompose into Y hydride and Fe
particles as observed by Aoki and Li et al. [23,24]. Therefore,
the challenge of the present work is to absorb and desorb
hydrogen with fast kinetic in YFe, while avoiding amorph-
ization and disproportionation.

Different viewpoints have been proposed to explain the
HIA and disproportionation of this type of AB, intermetallics.
Some researchers [25—27] attributed the HIA to over large
negative mixing heat between H and A-side metal atoms, and
a faster mobility of at least one element (i.e. hydrogen) than
the mobility of metallic constituents, which would inhibit the
nucleation and growth of more stable crystalline counter-
parts. Chung et al. [25] assumed that the elastic softening of a
compound occurred before the amorphization, and that the
solid-state amorphization was triggered by the elastic insta-
bility of a compound. Namely that, the hydrogen absorption
results in lattice expansion and elastic stain. As the elastic
stress exceeds the elastic limit, the compound cannot pre-
serve its original state any more [28]. For that, some re-
searchers believed that the compounds with higher bulk
modulus could prevent the amorphization [29].

Alloying is mostly widely used method to improve the
hydrogen storage properties of various alloys, but there is few
successful report on the reversible hydrogen storage proper-
ties of YFe,-based alloy. Recently, the reversible hydrogen
storage of YFe, alloys was achieved by partial Al substitution
of Fe [23], and that the C15 structure of Y—Fe—Al alloys could
be maintained during the de-/hydrogenation cycle, and no
disproportionation and amorphization occurred at de-/hy-
drogenation states. However, the Y—Fe—Al alloys showed
rather low hydrogen desorption equilibrium pressure, and no
distinct hydriding and dehydriding plateau could be observed
in the pressure-composition isotherms. The low dehydriding
equilibrium pressure results in incomplete dehydrogenation
at ambient temperature and pressure.

Kojima et al. [30] proposed that the dissociation pressure of
hydrogen storage alloys increased with the smaller unit cell
volume and higher bulk modulus of constituent elements,
because the hydrogenation process would become more
difficult due to higher elastic stress imposed by hydrogen

atoms, and the hydrides would become more unstable. In
addition, Ramesh and Kesavan et al. [31—-34] found that the
hydrogen desorption plateau pressure of pseudo-binary Zr—
Ho—Co system with the C15-type Laves phase structure was
raised by partial replacement of Ho by Zr. Therefore, to
improve the hydrogen storage thermodynamic properties of
YFe, alloys, it is feasible to modify the composition and
structure of YFe, alloy by A-site Zr substitution. On the hand,
the atomic radius of Zr (1.59 A) is smaller than that of Y
(1.78 A). On the other hand, the Zr metal has higher bulk
modulus (91 GPa) than that of the Y metal (41.2 GPa). Paul-
Boncour et al. [35] found that ZrFe, can absorb deuterium up
to 2.7 D/f.u. under a very high pressure and the deuteride can
remain C15 Laves phase structure. Hence, the C15 Laves phase
structure could be observed in the hydrides of Y—Zr—Fe
system.

In this work, we partially substituted Y of A-site by Zr to
improve the reversible hydrogen storage properties. The
structure and hydrogen storage properties of Y—Zr—Fe alloys
were investigated. In addition, the binding energies of
different tetrahedral interstitial sites occupied with hydrogen
atoms were calculated by first principle calculations based on
the density function theory [36—38], and the calculation re-
sults could well explain the change in the thermodynamic
stability of the Y—Zr—Fe hydrides with different Zr content.

Experimental details and computational method

Y, Zr, and Fe ingots (all of 99.9% purity) were used as raw
materials. The Y, ,ZrFe, (x = 0.1, 0.2, 0.3, 0.5) alloys were
prepared by arc melting in the water-cooled copper crucible
under Ar atmosphere. Before melting, the Y, Zr and Fe bulks
were polished by a grinder to remove the oxidation layer. The
melted ingots were remelted for six times to ensure compo-
sitional homogeneity, and the as-melted ingots were then
sealed in evacuated silica tube and annealed at 1100 °C to
avoid second phase precipitation. The as-annealed ingots
were crushed into powders and sieved by a 200 mesh sieve in
the glove box for further measurements.

The phase structure of powder samples was characterized
by X-ray diffraction (XRD) with Cu-Ka radiation at 45 kV and
40 mA (PANalytical Empyrean). Rietveld structure refinements
were conducted by using the Highscore Plus software. The
microstructure and composition of alloys at different states
were investigated by scanning electron microscope (SEM,
Zeiss Supra 40/VP) equipped with an energy-dispersive spec-
trometer (EDS). The hydrogen storage properties including the
isothermal de-/hydrogenation kinetics and pressure-
composition isotherm (PCI) were measured using a Sieverts-
type automatic gas reaction controller (Advanced Materials
Corporation). The sample of approximate 0.3 g were put into
the sample holder and kept under vacuum at 200 °C for 2 h as
an activation treatment before the de-/hydrogenation mea-
surement. The isothermal hydrogenation kinetic test was
carried out under 4 MPa H, at 100 °C, while the dehydroge-
nation kinetic test was performed at 100 °C, 200 °C and 300 °C.
The samples were fully dehydrogenated by vacuuming at
300 °C for 2 h before rehydrogenation test. The desorption PCI
curve was measured at a pressure range of 0.002—1.5 MPa at
200 °C.
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Fig. 1 — SEM back-scattering images and the distribution of Y, Zr and Fe elements of (a) Yo.9Zro 1Fe,; (b) Yo.sZro oFe,; (€)

Yo.7Zro sFey; (d) Yo.5Zro sFe,.

Table 1 — The composition of as-annealed Y, Zr and Fe of
Y1-xZr.Fe, alloys.

Alloys Atomic percentage/at. Y: Zr: Fe
% (+£0.1%)
Y Zr Fe
Yo.0Zro.1Fe, 29.8 3.2 67.0 0.89:0.10:2.00
Yo.8Zro oFe; 26.7 6.8 66.5 0.80:0.20:2.00
Yo.7Zro sFe, 23.6 10.0 66.4 0.71:0.30:2.00
Yo.5ZrosFe, 16.8 16.4 66.8 0.50:0.49:2.00

The structure stability of hydrides of Y—Zr—Fe alloys were
conducted by the density function theory calculation under
the generalized gradient approximation. By the projected
augmented wave method [39,40], the exchange-correlation
was simulated using the generalized gradient approximation
(GGA) with Perdew-Burke-Ernzerhof (PBE) scheme [41], as
implemented in the Vienna Ab-initio Simulation Package
[42,43]. An energy cutoff of 500 eV for the plane-wave basis set
was employed. The Monkhorst-Pack k-point meshe of 9 x 9 x
9 was used for the conventional cubic cell of the system. All
the structures were fully optimized until the change in the
energy between two ionic steps is smaller than 1 meV.

The computed hydrogen binding energy Ej is defined as
follows:

n

1
Ep = - | (Easqni) — (Ean) 35

EHZ}

where Eagp,u, is the total energy of AB, containing n H atoms,
Eap, is the total energy of AB, without H and Ey, is the
hydrogen molecule energy. The energies of AB, with and
without H atoms were calculated with the same parameters.
The third part of the formula Ey, was calculated by locating a
H, molecule in a 10 A cubic cell sides.

Results and discussions
Structure of Y—Zr—Fe alloys at different states

To demonstrate the composition and homogeneity of as-
annealed Y;.,Zr,Fe, (x = 0.1, 0.2, 0.3, 0.5) alloys, all ingots
were characterized by back-scattering SEM (BSE) and energy-
dispersive spectrometer (EDS). The BSE images (Fig. 1) show
a homogeneous single phase microstructure for all the alloys,
and no second phase is found. The EDS elemental mapping
results demonstrate that Y, Zr and Fe elements are uniformly
distributed, and the atomic percentage of Y—Zr—Fe alloys are
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Fig. 2 — XRD patterns of Y;..Zr,Fe, (x = 0.1, 0.2, 0.3, 0.5) alloys at different states.
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Fig. 3 — Lattice constants of Y-Zr-Fe alloys at as-annealed, hydrogenated and dehydrogenated states.

given in Table 1. The result indicates that the chemical com-
positions of the prepared Y—Zr—Fe alloys are consistent with
the nominal compositions.

The single phase structure of alloys is further confirmed
by the XRD analysis. The XRD patterns of Y; ,Zr,Fe, (x = 0.1,

0.2, 0.3, 0.5) alloys at as-annealed state are shown in
Fig. 2a—d. Fig. Sla further gives the XRD Rietveld refinement
results, and the lattice constants of as-annealed Y—Zr—Fe
alloys obtained from the refinements are summarized in
Fig. 3. It can be seen in Fig. 2 that all as-annealed alloys have
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Fig. 4 — Hydrogen absorption kinetic curves of Y-Zr-Fe alloys under 4 MPa H, at 100 °C.

typical cubic C15 Laves phase structure (MgCu, type) with
Fd3m space group. In addition, the weak additional peaks in
Fig. 2a and c could be assigned to the YFe; phase, indicating
the existence of small amount of second phase in the
Yo.0Z1r01Fe, and Yo 7Zro3Fe, alloys even though long time of
high temperature annealing. Compared to the lattice con-
stant of YFe,, a reduction of lattice constant of Y—Zr—Fe al-
loys can be observed with the increase of Zr content as
shown in Fig. 3, which is from 7.3471 A for the YFe, alloy to
7.2478 A for the Y,sZrgsFe, alloy. This is due to smaller
atomic radius of Zr (1.59 A) than that (1.78 A) of Y. This result
also indicates that Zr replace Y instead of Fe in the crystal
lattice of YFe,.

Fig. 2 also shows the XRD patterns of Y;.,Zr,Fe, (x =0.1, 0.2,
0.3, 0.5) alloys at hydrogenated and dehydrogenated states. It

Table 2 — The hydrogen sorption capacity of Y,_,Zr,Fe,

alloys under different conditions.

Alloys Absorption Desorption capacity/
capacity/wt.% wt.%
1st 2nd 3rd 100°C 200°C 300°C
Yo.0Zro Fe,  1.87 1.81 1.80 0.21 0.30 0.41
YosZrooFe, 165 1.61 1.58 0.32 0.52 0.67
YosZrosFe, 160 158 1.57 0.51 0.74 0.88

YosZrosFe, 144 140 140 0.65 0.89 1.26

is clearly seen that the C15 Laves phase structure remains
after the hydrogenation and dehydrogenation for each Y—Zr—
Fe alloy, and no hydrogen-induced amorphization or dispro-
portionation could be found. Conversely, Li et al. [23] ever re-
ported that the diffraction peaks of YH,, YH; and Fe appeared
in the hydrogenated YFe, sample. Hydrogen atoms located in
the matrix can be treated as point defects, and they will
impose an elastic stress on the C15 phase [28] and results in its
disproportionation or amorphization. Since the high bulk
modulus of Zr compare with Y, Zr substitution in Y—Zr—Fe
alloys could ease that elastic stress of inducing H, and thus
increasing the stability of the C15 Laves phase structure, and
impeding the amorphization.

As also shown in Fig. 2, the diffraction peaks of C15 Laves
phase shift towards lower angle after hydrogenation, and
nearly recover to the as-annealed state after dehydrogena-
tion. This result indicates the Y—Zr—Fe alloys form reversible
interstitial hydrides in the hydrogenation. Fig. S1b and Fig. S1c
further give the XRD Rietveld refinement results of alloys at
hydrogenated and dehydrogenated states, and the calculated
lattice constants are compared with those at as-annealed
state in Fig. 3. According to lattice constants in Fig. 3, the
calculated percentage of cell volume increase for the alloys Y;.
xZIyFe, (x = 0.1, 0.2, 0.3, 0.5) are 25.42%, 24.84%, 23.24% and
22.13%, respectively. In addition, there is a very small differ-
ence in the lattice constant between dehydrogenated and as-
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Table 3 — Lattice constants and electron concentration (e/
a) of Y;.,.Zr,Fe, alloys.

As-annealed alloys  a;/A  Electron concentration(e/a)”

YFe, [47] 7.347 (1) 1.00
Yo.0Zro1Fe; 7.331 (2) 1.03
Yo.8Zro.oFes 7.287 (5) 1.07
Yo.7Zro.sFes 7.279 (3) 1.10
Yo.sZro.sFe> 7.247 (8) 1.17

*

e/a = Z1C1+Z,Co+...+ZyCpy. In the formula, Z; (i = 1-m) is the
valence electron number of group i, and C; is the atomic per-
centage of group I (C;+Cy+... + Cp, = 1). For group VIII, the number
of valence electrons is zero (Z = 0), and for other groups, the
number of valence electrons is equal to group number in the
periodic table (Z = N).

annealed states, which means few hydrogens left in the
lattice.

Hydrogen storage properties of Y—Zr—Fe alloys

Fig. 4 displays the cyclic hydrogen absorption kinetic curves of
Yi.xZryFe; (x = 0.1, 0.2, 0.3, 0.5) alloys under 4 MPa hydrogen
pressure at 100 °C. It should be noted that the hydrogenated
samples were dehydrogenated under dynamic vacuum at
300 °C for 2 h to ensure complete dehydrogenation. All Y—Zr—
Fe alloys exhibit fast hydriding kinetics, and only the
Yo.8ZrgoFe; and Yo 7Zrg sFe, alloys require ~4000 s to complete

the initial hydrogen absorption. The cyclic hydrogen absorp-
tion capacities are summarized in Table 2. It is shown that all
Y—Zr—Fe alloys show almost no capacity loss within three
cycles, implying the reversible hydrogen storage properties of
Y—Zr—Fe alloys.

As also shown in Table 2, the Y 9Zro 1Fe; alloy delivers the
highest initial hydrogen absorption capacity of 1.87 wt.% H.
Comparatively, the Yo sZrgoFe;, Yo7Zro3Fe; and YosZrgsFe,
alloys can absorb 1.65 wt.%, 1.60 wt.% and 1.44 wt.% H in the
1st cycle, respectively. This notable reduction of hydrogen
absorption capacity with the increasing of Zr content should
be related to the structural change in the lattice constants and
electron concentration (e/a) by the Zr substitution. Table 3
compares the electron concentration and lattice constant of
Y—Zr—Fe alloys. The Y substitution by Zr in the YFe, alloy
results in the decreases in the lattice constant but the in-
creases in the electron concentration. According to Wagner 's
[44] theory, the higher electron concentration would result in
the lower hydrogen absorption capacity, because more outer
electrons of the alloy would exert stronger repulsive interac-
tion to the hydrogen atoms, and thus hindering the hydrogen
atoms into the lattice. Regarding to the effect of lattice con-
stant, only A,B, sites are found occupied in YFe,D3 5 [45], but
for larger D content (4.2 D/f.u.), a few part of D atoms are
located in ABj sites (3 among 18 sites for x = 4.2 in YFe,Dy) [46].
Therefore, the increasing Zr content leads to smaller size of
A,B, and ABj sites of Y—Zr—Fe alloys, which means the larger
volume expansion and stress of crystal lattice induced by the

0.1 0.2
(o] E
,l@) —a100°C ool (b) —a100°C
—-01} -
=,\°. °\.-0.2-
s 02f ‘§'
<= <04
2 o3l =
8 @ 0.6
Q o4l o
8 0.4 8
o5 L 0.8
-0.6 1 i I . 1 " 1 N 1 N 1.0 I T T T T
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
- Time(s) Time(s)
0.2
) 1(d)
04 —=—100°C 0.0 —=—100°C
=02 ——200°C ~02 —e—200°C
S -0.44 —a—300°C
E 0.4 1
= -0.6
> 4
.06 0.8
3 0.8+
o i -1.0 4
.08 ]
o 1.2
1.0 Py
-1.2 T T T T T -1.6 T T T T T
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500

Time(s)

Time(s)

Fig. 5 — Hydrogen desorption kinetic curves of Y-Zr-Fe alloys under static vacuum at different temperatures.
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hydrogenation. This would make it more difficult for the part
of A,B, or ABj tetrahedral sites to be occupied by hydrogen
atoms. As a result, the hydrogen absorption capacity de-
creases with the increasing of Zr content.

Hydrogen desorption kinetic curves of Y;.xZryFe, (x = 0.1,
0.2, 0.3, 0.5) alloys under static vacuum at different tempera-
tures are presented in Fig. 5, and the obtained desorption ca-
pacities are also listed in Table 2. All Y—Zr—Fe alloys show fast
dehydrogenation rate, and the saturation dehydrogenation
capacity could be reached within 500 s. It is seen that more
hydrogen is released with the increasing desorption temper-
ature. It also shows that the Y—Zr—Fe alloy with higher Zr
content releases more hydrogen at the same temperature, a
maximum dehydrogenation capacity of 1.26 wt.% is obtained
for the alloy YosZrosFe at 300 °C. However, the hydrogen
desorption capacities of all Y—Zr—Fe alloys are lower than
their hydrogenation capacities. The rehydrogenation results,
as shown in Fig. 4, indicates that the residual hydrogen in the
Y—Zr—Fe alloys could be fully released under the condition of
dynamic vacuum, these results imply that the incomplete
dehydrogenation of Y—Zr—Fe alloys is due to the relatively low
dehydriding equilibrium pressure. Similar situation was also
found in the Y—Fe—Al alloys, which showed reversible
hydrogen storage properties due to the partial Al substitution
at the B-site [23]. However, the Y—Fe—Al alloys shows rather
low dehydrogenation capacity (<0.56 wt.% H) under static
vacuum condition, and the dehydrogenation capacity rarely
increase with the increasing Al content. Therefore, the
increased dehydrogenation capacity of Y—Zr—Fe alloys with
the Zr content implies the improvement of dehydriding
equilibrium pressure.

Fig. 6 shows the desorption PCI curves of Y, ZrFe, (x = 0.1,
0.2, 0.3, 0.5) alloys at 200 °C. The hydrogen desorption capac-
ities of the Y—Zr—Fe alloys at 200 °C are much close to those
obtained by isothermal kinetic test. Similar to previously re-
ported Y—Fe—Al alloys and ZrV,-based alloys [48], only sloping
PCI curves are observed for the alloys Y,oZro,Fe, and
Yo.8ZrooFe,. Comparatively, there exist similar PCI curves with
larger sloping at the high-pressure region for the alloys
Yo.7Z10 3Fe; and Yo sZrg sFe,. The PCI results could well explain
the incomplete dehydrogenation as shown in Fig. 5. The
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dehydriding equilibrium pressure of the alloys is decreased
with the increasing hydrogen release content, and the dehy-
drogenation process would be terminated as the hydrogen
pressure in the sample chamber is higher than the equilib-
rium pressure of the alloys.
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With the increasing Zr content, the Y—Zr—Fe alloys ex-
hibits a short dehydriding plateau at the low-pressure region
for the alloys Yo ,Zro3Fe; and Yo sZrosFe,. Furthermore, the
plateau pressure for the alloy Yo sZrg sFe; is higher than that
for the alloy Y,7ZrgsFe,. This phenomenon could not be
observed in our previous work on the Y—Fe—Al system with
reversible hydrogen storage properties. This result also ex-
plains that the Yo sZrg sFe, alloy has higher dehydrogenation
capacity than other Y—Zr—Fe alloys. Therefore, the Zr substi-
tution greatly improves the dehydriding thermodynamics of
YFe,.

The improved dehydriding thermodynamic properties of
Y—Zr—Fe alloys should be related to the decreased lattice
constant by the substitution of Y with Zr, and smaller tetra-
hedral interstitial size leads to the increase of equilibrium
pressure of dehydriding reaction. In addition, according to
Bereznitsky and Jacob et al.'s theory [49,50], the elevation of
dehydriding equilibrium pressure is indicative of the
increasing hydrogen-hydrogen attractive interaction and
decreasing metal-hydrogen attractive interaction, namely
that the hydride of Y—Zr—Fe alloys becomes unstable. To
further reveal the correlation of hydride stability with the Zr
content, the formation energies of Y—Zr—Fe—H hydrides with
different H and Zr contents were calculated by first-principle
local-density-function theory.

Fig. 7 shows the calculated binding energies of hydrogen
atoms in A,B,, A;B; or B, tetrahedral interstitial sites of Y.
xZIyFejg hydrides. Considering there is not enough number
of B, tetrahedral sites per unite cell to provide the occupation
of 32 hydrogen atoms, thus only the binding energies in A;B,
and A;B; tetrahedral were calculated for the hydride Ys.
xZIryFeigHs, (Fig. 7c¢). As shown in Fig. 7a, the binding en-
ergies in A,B,, A;B; or B, tetrahedral interstitial sites increase
with increasing x value in the Yg.,Zr,Fe;H; hydride, indi-
cating that this hydride becomes unstable with increasing Zr
content. When adding more hydrogen atoms into the unit cell
and forming the hydrides Yg.ZrFe;gHg (Fig. 7b) and Ys.
xZryFej¢Hs, (Fig. 7c), the binding energies in A,B,, and A;B;
tetrahedral sites still increase with increasing Zr content. As
shown in Fig. 7b, there are two abnormal points for the
hydrogen occupation in the small B, tetrahedral site because
of structural distortion. These results clear demonstrate that
the Zr substitution in YFe, alloy decreases the thermody-
namic stability of hydrides.

Conclusions

We have successfully eliminated the hydrogenation-induced
amorphization and disproportionation of YFe, by partial
substitution of Y with Zr. All Y, ,ZrFe, (x = 0.1, 0.2, 0.3, 0.5)
alloys remained C15 Laves phase structure during de-/hy-
drogenation cycles, and reversible hydrogen storage proper-
ties were achieved. With the increasing Zr content, the Y—Zr—
Fe alloys showed a decrease in the lattice constant and
hydrogen absorption capacity, but an increase in the
hydrogen desorption capacity and dehydriding equilibrium
pressure. The alloy Yo sZr sFe, delivered the highest hydrogen
desorption capacity and a distinct dehydriding plateau

appeared in the PCI curve. The experimental and

computational results clearly indicated that the dehydriding
thermodynamic properties of YFe, alloy could be greatly
improved by the alloying with Zr. Our work shows the po-
tential of Y—Zr—Fe ternary alloys for reversible hydrogen
storage.
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