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High-Entropy Alloys and Their Affinity with Hydrogen: From
Cantor to Platinum Group Elements Alloys

Konstantin Glazyrin,* Kristina Spektor, Maxim Bykov, Weiwei Dong, Ji-Hun Yu Yu,
Sangsun Yang, Jai-Sung Lee Lee, Sergiy V. Divinski, Michael Hanfland,
and Kirill V. Yusenko

Properties of high-entropy alloys are currently in the spotlight due to their
promising applications. One of the least investigated aspects is the affinity of
these alloys to hydrogen, its diffusion, and reactions. In this study, high
pressure is applied at ambient temperature and stress-induced diffusion of
hydrogen is investigated into the structure of high-entropy alloys (HEA)
including the famous Cantor alloy as well as less known, but nevertheless
important platinum group (PGM) alloys. By applying X-ray diffraction to
samples loaded into diamond anvil cells, a comparative investigation of
transition element incorporating HEA alloys in Ne and H2

pressure-transmitting media is performed at ambient temperature. Even
under stresses far exceeding conventional industrial processes, both Cantor
and PGM alloys show exceptional resistance to hydride formation, on par with
widely used industrial grade Cu–Be alloys. The observations inspire optimism
for practical HEA applications in hydrogen-relevant industry and technology
(e.g., coatings, etc), particularly those related to transport and storage.
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1. Introduction

High-entropy materials, including high-
entropy alloys (HEAs) and high-entropy ox-
ides (HEOs), have gained significant atten-
tion as highly efficient applied materials.[1]

Among other high-entropy solids, HEAs
have simple crystal structures with long-
range crystal periodicity. At the same
time, they have high structural and chem-
ical disorder on the atomic level tightly
correlated with exceptional properties.
Originally developed as materials for struc-
tural applications, high-entropy materials
were intensively studied as functional and
energy-related materials with uses in cataly-
sis and energy infrastructure (e.g., transport
and storage). Considering the great variety
of their properties, we find that high-
entropy materials in general and HEAs in
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particular have a great potential to contribute to the ongoing
developments in the vast field of hydrogen economy.

Indeed, binary and ternary metal hydrides were proposed
as promising candidates for hydrogen storage applications in
fuel cells. In comparison, refractory high-entropy alloy bcc-
TiVZrNbHf can absorb much higher amounts of H2 than its indi-
vidual components and reach an H:M ratio of 2.5:1, with H and M
corresponding to hydrogen and metal, respectively.[2] Such high
H2 content has never been observed in compositionally less com-
plex interstitial hydrides based only on transition metals at ambi-
ent pressure and can be explained by the lattice microstrains in
the alloy that make it favorable to absorb H2 in both tetrahedral
and octahedral interstitial sites. This observation published in
2016 stimulated study of mainly Ti-based HEAs with high H2 up-
take (e.g.,[3,4] and the references therein). Although, this is just a
single example illustrating prospects for the energy storage, in re-
ality, there are many other aspects of HEAs which have not been
carefully explored (e.g., hydrogen uptake and potential for corro-
sion, hydrogen transport, direct applications including small and
larger engine parts operating under elevated temperatures, etc.).

A review of the existing literature signifies that only a limited
number of ternary alloys, for example, refer to AlTiVCr, TiVCrNb,
TiZrNbTa, and TiVZrNb were characterized under compression
in presence of H2.[3] Their phase transformations are considered
to be much more complex in comparison with pure metals and
binaries and involves many factors. An additional factor we would
like to attract attention to in our work is high local microstrain,
which can be extrapolated from such systems to HEAs. It re-
quires a careful investigation and characterization and while we
record significant process,[5–7] still, there is still much work to
be done. Among other effects, it may either allow an easier alloy
formation with significant H2 uptake into their structure or vice
versa: it may counteract capture of hydrogen.

Considering the perspectives of hydrogen storage, the review
of the literature will highlight bcc–HEAs systems based on re-
fractory metals with valence electron concentration (VEC) above
5 and with large lattice distortion.[8] The scarce theoretical models
for Fe-based alloys suggest the following sequence for hydrogen
diffusion coefficients: bcc >> fcc > hcp.[9] At the same time, we
also see that behavior of hcp and fcc alloys has not been char-
acterized so far in great detail, but it is of great importance to
understand hydrogen penetration between the closed-packed lay-
ers as it can also be significant. Hydrogen migration into octahe-
dral and tetrahedral sites in closed-packed structures may have
different energy and pathways resulting in a dramatical contrast
of hydrogen uptake and hydrogen diffusivity. As a result, differ-
ent mechanisms of hydrogen migration might be in play in bcc-,
fcc- and hcp-structured alloys and they should be experimentally
studied as function of composition and hydrogen pressure. A re-
view of the literature indicates that the topic of hydrogen affinity
as well as the topic of resistance to hydrogen with respect to HEA
are greatly underexplored.

Among the large variety of HEAs, fcc-structured CoCrFeNiMn,
also known as Cantor alloy, represents one of the most studied
systems. It has been studied extensively at ambient pressure and
under high pressure, with the latter studies typically conducted
using inert pressure media.[10,11] From the chemistry point of
view, the high-entropy alloy of fcc-structured CoCrFeNiMn as
well as high entropy alloys based on platinum group (PGM) ele-

ments, e.g. fcc-Ir0.231(2)Os0.090(1)Pt0.273(1)Rh0.302(2)Ru0.104(2) and hcp-
Ir0.19(1)Os0.22(1)Re0.21(1)Rh0.20(1)Ru0.19(1) described below, represent
very contrasting examples to bcc-TiVZrNbHf and we selected
these systems on a purpose.

On one hand, we would like to bring community’s attention
to the assortment of HEAs and the challenge of finding the
most effective materials either for hydrogen related catalysis or
hydrogen-resistant bulk material production and coatings (e.g.,
the quests of transport and storage). On the other hand, within
our study we introduce a new quick testing methodology for ma-
terial hydrogen resistance. Here, the cases of Cantor alloy and
PGM HEAs allow us to illustrate different aspects of material
behavior under high-pressure in hydrogen and importance of
phase transitions for final analysis. Comparison of Cantor alloy
and PGM HEAs up to 50 GPa seems appropriate from various
points of view. Both of them are simple metallic systems incor-
porating transition elements. By using the selected materials as
exemplary we can uncover hidden contrast and similarities em-
phasizing the material strengths, weaknesses related to the final
applicability. They also have with slightly different phase equilib-
ria.

Indeed, under stress and even being surrounded by inert pres-
sure transmitting medium (PTM), the fcc-phase of Cantor al-
loy can be reversibly converted to an hcp-structure. The tran-
sition occurs above 7 GPa and depends on a great number
of factors, including features of the PTM and hydrostaticity of
compression.[10–12] The PGM HEAs indicated above do not have
any structural phase transitions and as we show below, their anal-
ysis is much simpler. Finally, our study would not be full without
a comparative study of selected HEAs with industry relevant al-
loys including Alloy 190 and Toughmet 3 alloys produced by Ma-
terion.

Technical development in hydrogen economy is extensive with
its multifaceted aspects and applications on various levels (stor-
age tanks, pipes, engines, etc.). We hope our study, apart from
demonstrating a new efficient method for testing materials in hy-
drogen with a focus to hydrogen corrosion resistance in selected
HEAs, will contribute to the overall progress and success in the
field of renewable energy.

2. Experimental Section

Platinum group metals HEAs fcc—Ir0.231(2)Os0.090(1)Pt0.273(1)
Rh0.302(2)Ru0.104(2) (fcc–PGM), hcp—Ir0.19(1)Os0.22(1)Re0.21(1)Rh0.20(1)
Ru0.19(1) (hcp–PGM) were prepared as fine powders from
single source precursors according to previously published
protocols.[13]

The CoCrFeMnNi HEA powder was produced at the Korea In-
stitute of Materials Science (KIMS) by using vacuum induction
gas atomizer (VIGA, HERMIGA 100/25, PSI, UK), and it is the
same as used for additive manufacturing by laser power bed fu-
sion, as described in detail in the publications.[14–16] A cast and
homogenized ingot with the required equiatomic composition
was first produced and then gas-atomized at 1580 °C in an argon
atmosphere. An inspection of the resulting CoCrFeMnNi mate-
rial revealed a small grain polycrystal with dense microstructure,
nearly equiatomic composition and a homogeneous distribution
of the alloying elements.[17,18]
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Table 1. High-pressure X-ray diffraction on different alloys FWHM—full width at half-maximum, H∙V; PTM—pressure transmitting medium; PE—
detector Perkin Elmer 1621 XRD; EIGER2— EIGER2×9 M CdTe; LVP—large volume press assembly including NaCl+ NH3BH3).

Facility Beamline Alloy PTM Detector Wavelength, [Å] Beam size at sample,
FWHM [μm2]

ESRF-EBS ID15B fcc–PGM He EIGER2 0.4103 10∙10

ESRF-EBS ID15B hcp–PGM Ne MAR555 0.4110 10∙10

ESRF-EBS ID15B fcc–Cantor He & H2 EIGER2 0.4103 10∙10

DESY P61B fcc–Cantor LVP Ge-SSD by Mirion
(Canberra) for ED-XRD

positioned at 4.962°

and 3.038° 2𝜃

Energy dispersive (30–160 keV) 50∙300

DESY P02.2 fcc–PGM H2 PE 0.2907 2∙2

DESY P02.2 hcp–PGM H2 PE 0.2907 2∙2

DESY P02.2 fcc–A190a) Ne & H2 PE 0.2909 2∙2

DESY P02.2 fcc–TM3a) Ne & H2 PE 0.2909 2∙2
a)

—both samples were measured at the same time either in a single Ne or single H2 loading.

Cantor alloy and PGM HEAs analytical composition was addi-
tionally probed and confirmed by scanning electron microscopy
(SEM). SEM images were obtained on a XL30 ESEM (environ-
mental scanning electron microscope) from FEI (Thermo Fisher
Scientific, Waltham, Massachusetts, USA). The compositions
were characterized by energy-dispersive X-ray analysis (EDAX,
equipped with Si–(Li) detector) and averaged over 5–6 points. The
averaged compositions were close to the nominal composition of
single-source precursors and starting solutions. All the alloys re-
ported in our paper are stable at ambient conditions.

For our comparative study, small metallic pieces of commer-
cial alloys produced by Materion, namely, Alloy 190 (fcc-A190)
and Toughmet 3, (fcc-TM3) were cut out of bigger strips using a
file. The reported composition of the Alloy 190 in weight percent
is 1.8–2.0 wt% Be, min. 0.2 wt% Ni+Co, max. 0.6 wt% Ni+Co+Fe
with balance of Cu.[19] In turn, the ToughMet alloy is made of
15 wt% of Ni, 8 wt% of Sn and balanced with Cu.[20] Physical
properties of these materials will depend on temper and, for both
alloys, within the product nomenclature of Materion we had ma-
terials of temper TM08 or XHMS. For additional details on phys-
ical properties of fcc–A190 and fcc–TM3 materials we refer to
their specifications.[19,20]

Powder X-ray diffraction experiments using diamond anvil
cells were conducted at two different synchrotron sources,
namely, at ESRF-EBS in Grenoble and at PETRA III, DESY
in Hamburg, and the respective extreme condition beamlines
are ID15B and ECB/P02.2.[21] In this study, diamond anvil cells
equipped with 250 and 300 μm diamond culet size diameter were
employed. In Table 1, the parameters of different high-pressure
studies conducted at these facilities were assembled. Ruby chips
were used for pressure determination with sample loaded with
He or Ne. Although the same ruby chips were used for precom-
pression of diamond anvil cells loaded with H2, Au was used
for pressure determination during the compression for the latter
loadings. All results presented in this manuscript were obtained
from measurements at ambient temperature. Additional experi-
mental details are given in Supporting Information.

Compressibility curves for fcc–CoCrFeMnNi Cantor alloy
with non-reactive solid PTM (multi-anvil assembly) at moderate

pressures below 15 GPa and room temperature were also col-
lected using the large volume multi-anvil press Aster-15 installed
at the P61B energy-dispersive beamline.[22] Approximately 6 mg
of fcc–CoCrFeMnNi Cantor alloy powder were pressed into a
pellet (1.2 mm OD, ≈0.75 mm height) and sealed inside a NaCl
capsule (3 mm OD, ≈3.4 mm height) along with 2 pellets of
NH3BH3 (ammonia borane, 1.2 mm OD, ≈0.75 mm height).
It is noted that NH3BH3 is a very soft and non-reacting PTM
if ambient temperature compression is considered,[23] and that
the sample capsule preparation was handled in an Ar-filled
glove box. The sample was compressed using a 14/7 multi-
anvil assembly, which is described in detail elsewhere.[24] The
octahedron was further positioned between eight 32 mm WC
anvils (Fujilloy TF08, 7 mm TEL) equipped with pyrophyllite
gaskets. Pressures were estimated using the NaCl equation of
state.[25] Here the powder diffraction data was collected up to the
maximum pressure was 15 GPa.

The collected 2D diffraction patterns were integrated using
DIOPTAS software.[26] The unit cell parameters, the background
and the line-profile parameters were simultaneously refined us-
ing TOPAS, JANA2006 and GSAS-II software.[27–29] The data
and the corresponding equations of state were analyzed using
EOSFIT7-GUI.[30,31] Energy-dispersive X-ray diffraction patterns
were initially visualized and evaluated using PDindexer software
tool.[32]

3. Results and Discussion

3.1. Affinity OF fcc–A190 fcc–TM3 to Hydrogen under
Compression

Before starting the presentation of high entropy alloys data, we
show our results on conventional industrial alloys, namely, fcc–
A190 and fcc–TM3 as compressed in Ne and H2.

We will first have a look at data obtained with Ne PTM shown
in Figure 1. Our data suggest absence of any phase transitions fcc-
A190 and fcc–TM3 under compression at ambient temperature.
Since both alloys are based on copper, thus, it is not surprizing
that their corresponding equations of state (EOS) closely follow
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Figure 1. Equations of state (EOS) for pure fcc–Cu, fcc–A190 and fcc–TM3
alloys shown as unit cell volume normalized by number of constituent
atomic sites. The experimental data are shown using the symbols and the
fits to 3rd order Birch-Murnaghan EOS (BM3) are shown as dashed lines.
If not visible, the error bars are the size of the symbol or below. For fcc–Cu
we use reference.[35] It is clear that compression of the alloys is governed
by Cu constituent, although the starting volumes differ due to Be (smaller
atom in fcc–A190) and Sn (larger atom in fcc–TM3) doping.

the V–P curve of pure fcc–Cu. The contrast of absolute volume
values is likely dependent on alloy doping elements. In Figure 1
we show the data fit to the third order Birch-Murnaghan EOS,[33]

where the parameters V0, K0, and K’ correspond to ambient pres-
sure volume, ambient pressure bulk modulus and its pressure
derivative, respectively.

The c is employed. In latter case the parameters are V0 =
11.56(2) Å3, K0 = 138(9) GPa, K’ = 4.9(8) for fcc-A190 and V0
= 11.97(1) Å3, K0 = 147(6) GPa, K’ = 4.9(6) for fcc-TM3, respec-
tively. Considering the fcc-Cu Vinet EOS data published in,[34] we
can refer to V0 = 11.81 Å3, K0 = 135(1) GPa, K’ = 4.91(5) for the
purpose of comparison. Although, the compressibility of solids
will also depend on temper of the alloys (sintered grains), in gen-
eral we see a good agreement with pure fcc–Cu considering that
alloys fcc-A190 and fcc-TM3 have major abundance of Cu.

After we determined EOS describing the behavior of fcc–A190
and fcc–TM3 EOS under quasi-hydrostatic conditions of Ne, we
can compare this data with behavior of the same alloys in H2
PTM. This comparison lays a foundation for a simple method
testing industry-relevant materials for their affinity to hydrogen,
and we introduce the procedure here.

Quasi-hydrostatic compression of materials sets a reference
line, indeed, for a given pressure value the unit cell volume may
not be smaller than the equilibrated reference, if we consider
thermodynamic equilibrium. Formation of hydrides often occurs
at ambient temperature under sufficient stress and may result ei-
ther in (A1) penetration of original crystal structure and forma-
tion of an isostructural hydride or in (A2) formation of hydrides
with the lower pressure structure undergoing a transition under
compression. For simple fcc–A190 and fcc–TM3 we did not ex-
pect any phase transitions below 35 GPa (Figure 1), thus, they
represent a great case study for (A1).

Our data on compression and decompression cycles of fcc–
A190 and fcc–TM3 are indeed indicative (Figure 2). We can eas-
ily attribute the regions of material resistance to hydrogen and
the regions of hydride formation. We observed isostructural hy-
dride formation resulting in an increase of the unit cell volumes
and the volumes measured per atom. Unambiguously, fcc–A190
is superior to fcc-TM3 as indicated by the higher pressures of
hydride formation and the excess volume per atom within the
hydride stability region. It is also worth to note, that in systems
like fcc–A190 and fcc–TM3 amount of hydrogen is variant with
pressure. The fcc and hcp lattices of conventional alloys and the
PGM HEAs demonstrated below have similar interstitial voids
for hydrogen to occupy. These voids have tetrahedral and octahe-
dral local environments and are occupied depending on atomic
size of constituent metals. For example, transition elements with
larger and smaller atomic sizes likely capture hydrogen in tetra-
hedral sites and octahedral sites, respectively.[35] Our data indi-
cated as purple points in Figure 2 was collected on decompres-
sion. When examining the case of fcc–TM3, it becomes evident
that these points exhibit a higher volume in comparison to the
similar pressure open blue symbols collected on compression.
This discrepancy is attributed to a hysteresis effect caused by vari-
ations in hydrogen content during pressure cycling.

Our case study involving a combination of diamond anvil cell
with X-ray diffraction with the application to the industry rele-
vant alloys of fcc–A190 and fcc–TM3 suggests that the proposed
here method of testing materials and comparing their compres-
sion in quasihydrostatic PTM and in corrosive PTM, such as H2,
has a great potential. It has also several advantages for sample
screening: 1) it requires negligible amount of test material; 2)
several samples can be tested at the same time; 3) sample cham-
ber is small and the experiment is less dangerous in compari-
son to large autoclaves; 4) experiment is fast. Indeed, a single
slow compression with pressure controlled by a gas driven mem-
brane with several samples per sample chamber may take 3–6
h for data acquisition for a single PTM with controllable strain
rate. Using dynamic piezoelectric actuated diamond anvil cells,
screening times can be significantly shortened, resulting in a full
data acquisition within minutes if not seconds.[36]

3.2. Compression of High-Entropy Alloys

Using the fcc–A190 and fcc–TM3 as an example, we described
our observations and typical behavior of alloys compression in
quasi-hydrostatic and H2 PTM in the case (A1) when hydrogen
penetrates crystal lattice and induces an isostructural formation
of hydrides.

Our fcc–PGM and hcp–PGM alloys were behaving the similar
way as fcc–A190 and fcc–TM3 (Figure 3). Surprisingly, the stud-
ied PGM based HEA alloys are also resistant to hydrogen upon
compression, although the atomic radii of the constituents and
potentially the interstitial voids are larger than, e.g., that of fcc–
TM3. Comparing both systems with one another we suggest that
fcc–PGM is less resistant than hcp–PGM. Indeed, the pressure-
volume data indicated in Figure 3 suggest the lower starting pres-
sure of hydride formation and the overall larger hydrogen capture
capacity.
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Figure 2. Comparison of unit cell volume compression normalized to the number of atoms per unit cell for a) fcc–A190 and b) fcc–TM3. The red and
blue dashed lines represent the corresponding BM3 EOS quasi-hydrostatic Ne PTM as shown in Figure 1. The open circles correspond to data measured
upon compression in H2. The purple solid symbol represents decompression data. In a) we split the compression curve in several regions. Within the
corrosion resistance field, the volume per atom of fcc–A190 compressed in H2 follows the compression line measured in Ne. However, starting from
15 GPa we see an increase of fcc–A190 attributed to hydride formation. It is clear from b) that fcc–TM3 has higher affinity to H2 than fcc–A190. The data
on decompression for both alloys suggests that H2 content increases with compression and indicates suppressed kinetics, e.g., for hydrogen it is easier
to diffuse into the lattice upon compression and harder to escape from crystal lattice of alloy if pressure is subsequently reduced.

We can approach the challenge of hydrogen content estima-
tion in fcc- and hcp-structured PGM HEAs similarly to the ap-
proach published by Somenkov et al.[35] Following their idea
and experimental observations, we consider interstitial hydro-
gen atoms as incompressible and interacting with free elec-
trons of the metal (M). Assessing the formation of MHx hy-
dride as a high entropy hydride, we can roughly estimate the
hydrogen concentration as x = ΔV/𝛿𝜈, where ΔV is excess
volume of MHx over pure M for its single atom, and 𝛿𝜈 is a
parameter depending on various factors, including the num-
ber of valence electrons attributed to M. For the full descrip-
tion, we refer to original discussion.[35] We calculate 𝛿𝜈 of
HEAs as a linear interpolation of individual constituents and

for fcc–PGM and hcp–PGM, we calculated the largest experi-
mentally observed 𝛿𝜈 values as equal to 2.368 Å3 and 2.112 Å3,
respectively.

The resulting data are shown in Figure 4. The compression
trend indicates that pressure as high as 50 GPa does not satu-
rate the hcp–PGM with hydrogen. Indeed, the compression slope
of hcp–PGM does not even start to decrease with compression.
Our data provides an interesting benchmark for future theoreti-
cal calculations exploring the topic of high-entropy materials and
their affinity to hydrogen. Indeed, the picture is far from being
complete and we need more information, including information
on strong local correlations explaining the difference in behavior
driven by composition.

Figure 3. Compression curves of a) fcc–PGM and b) hcp–PGM. Gray open hexagons represent the corresponding EOS’es measured with Ne pressure
medium. Despite being formed from atoms with large atomic radii, both alloys exhibit considerable resistance to H2 with hcp–PGM being the most
resistant from the two. Considering the pressure point of 30 GPa, the excess volume of hcp–PGM attributed to H2 capture is similar to fcc–A190 and
has a value of ≈0.4 Å3 per atom. Decompression trend suggests suppressed kinetics and trapping of hydrogen on decompression, but full release of
H2 at ambient conditions. The red and blue bars indicate approximate volume difference with respect to compression of the same material in Ne for
pressures in the vicinity of 30 GPa. The parameters for the HEAs 3rd order Birch-Murnaghan EOS are: V0/Z = 14.18(2) Å3 per atom, K0 = 297(3) GPa,
K’ = 5.8(1) GPa for fcc–PGM (compression in He) and V0/Z = 13.979(2) Å3 per atom, K0 = 317(2) GPa, K’ = 4.9(1) GPa for hcp–PGM (compression in
Ne).
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Figure 4. Estimation of hydrogen content of fcc– and hcp–PGM HEAs ac-
cording to methodology of ref. [35] We assume formation of MHx where M
is metal atom, H is hydrogen, and x stands for its concentration in hydride.
Potentially, in contrast to hcp–PGM, fcc–PGM captures small amount of
hydrogen already at pressures below 10 GPa indicating importance of
composition for material performance.

Based on our data we can arrange the materials with respect
to their affinity to hydrogen in the following way, with the least
resistant mentioned first: 1) fcc–TM3; 2) fcc–PGM, and 3) hcp–
PGM and fcc–A190. Here, we would like to avoid an impression
that these materials can be used for the same applications. Our
study only indicates that like in the case of industrial materials,
affinity of HEAs to hydrogen is controlled by their crystal chem-
istry (controlled by doping) and can be efficiently tested using
the combination of the diamond anvil cell and X-ray diffraction
techniques. It also indicates compression induced formation
of previously unknown high entropy hydrides with PGM HEA
systems as precursors.

Last, but not least we present the data on compression of Can-
tor alloy in hydrogen PTM. In contrast to the previously men-
tioned conventional and high-entropy alloys, Cantor alloy belongs
to the case (A2) and undergoes a phase transition at relatively low
pressures. The transformation sluggish, and it is well described
in literature.[8,10]

Our results of Cantor alloy compression are in good agreement
with literature (Figure 5). The small deviations observable at pres-
sures above ≈25 GPa for hcp and fcc phases for material com-
pressed in diamond anvil cell could be explained by contributions
from non-hydrostatic effects (e.g., see Glazyrin et al.[37] for more
details). These deviations indicate that for sintered grain materi-
als the effects of nonhydrostaticity may develop even if one uses
He as the most hydrostatic pressure medium, especially if a sam-
ple has sintered grains and if it undergoes a martensitic phase
transition (stronger influence of inter-grain stress and intrinsic
microstrains). Still, although such effects exist, and we should
be aware of these details, the most important observations and
conclusions remain unchanged.

Here, we attract the attention to the following important obser-
vation. If we compare data obtained under ambient temperature

Figure 5. Cantor alloy compression data. We show the data from the large
volume press together with the data collected from diamond anvil cell
experiments and indicate the corresponding phases. The light and dark
green symbols correspond to our large volume press experiments (LVP),
while blue, pink and purple correspond to the DAC experiments. The DAC
experiments description latter includes information on PTM. For compar-
ison we show the equation of state reported by Tracy et al.[11] by means
of the grey dashed line. Our data is in a good agreement with previously
reported results. Note how close the individual phases of Cantor alloy com-
pressed under H2 PTM follow the equation of state of Tracy et al. up to the
highest measured pressures.

compression in large volume press PTM, silicone oil, He and H2
pressure media we conclude that there is only minimal absorp-
tion of hydrogen by the Cantor alloy in contrast to fcc–TM3 pre-
sented above and, moreover, to the 316 Steel also widely used for
hydrogen-technology as our results show in Supporting Informa-
tion.

Our data shows that the low pressure fcc-phase of Cantor alloy
does not absorb hydrogen up to the pressures of hcp-phase tran-
sition which according to Tracy et al. should start at 14 GPa. This
result indicates that for certain applications Cantor alloy could be
even better than fcc–A190 containing Be and, thus, more envi-
ronmentally friendly in terms of recycling, etc.

We deem these results open a new venue to hydrogen econ-
omy research and development, particularly within the sub-fields
of hydrogen production and storage, transportation, and infras-
tructure. They are simultaneously surprising and promising and
hold potential for various industrial HEA applications.

4. Conclusions

The research and development within the initiative of green en-
ergy and sustainability is ongoing and requires intensive explo-
ration along multiple fronts:, e.g., physics, chemistry, material
science, etc. The increasing trend in hydrogen economy invest-
ments is evident improving the aspects of hydrogen production
as well as the realms of hydrogen transportation and storage.

In our work, we attract the community attention to the new
fast characterization method requiring small amount of sample
to test material affinity of reaction with hydrogen. We introduce
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the method and apply it to the industrial and novel materials,
such as high entropy alloys, and give a qualitative report for indi-
vidual material affinity to hydrogen. We provide a comprehensive
experimental evidence illustrating importance of composition in
correlation with absorbed hydrogen content.

Considering the PGM HEAs we indicate an intriguing fact
of their low hydrogen affinity despite large atomic radii of con-
stituent atoms. The complex PGM alloys have already many po-
tential applications, including the field of catalysis.[13,38,39] Sup-
plementary to previous works, our study introduces a fresh per-
spective. It demonstrates new observations indicating a qualita-
tive characterization to the materials hydrogen corrosion resis-
tance and confirming isostructural high-entropy hydride forma-
tion at room temperature and elevated pressures.

Finally, but not least, we investigate the Cantor alloy—the HEA
alloy with probably the largest number of potential applications
and find that it also is very resilient in comparison to 316 Steel
as well as to Cu—Be alloy. Our results indicate that Cantor HEA
is the same level and likely more efficient in comparison to the
many applied materials widespread within the fields of hydro-
gen economy. Considering that the price of material production
decreases and the scope of applications broadens with time and
with technological progress, we hope to see the first implementa-
tions of Cantor alloy in various fields of hydrogen economy very
soon.

Cantor alloy represents a single example within the broad
space of HEA compositions, the space encompassing a large vari-
ety of physical and chemical properties. The number of potential
applications for Cantor alloy is very exciting, but our work fills
only one piece of a bigger puzzle. Here, we explore H2 resilience
from a new perspective, and, among other results, show forma-
tion of new high entropy hydrides in previously unexplored sys-
tems, but it is just a drop in the ocean. We hope that our work will
attract the community attention to the vast and still unexplored
space, as the more complete picture of HEAs will drive the tech-
nological process further and farther opening new avenues for
innovation.

Supporting Information
Supporting Information is available from the Wiley Online Library or from
the author.
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