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The Ti0.75Zr0.25Mn0.9CrFe0.1 alloy was prepared using both arc melting and magnetic levitation melting

methods. Additionally, the arc-melted alloy was further processed by melt-spinning and annealing. The

differences in microstructure and hydrogen storage performance among the alloys prepared were

investigated. All these alloys exhibit a single C14-Laves phase structure. The alloys produced by arc-

melting, annealing, and magnetic levitation-melting show distinct Zr element precipitation. In contrast,

no evident element segregation was detected in the melt-spun alloy. The unit cell volume decreased in

the order of: arc-melted (AM) > melt-spun (MS) > annealed (AN) > magnetic levitation-melted (ML) alloy.

The plateau pressure of the alloys is: AM < MS < AN < ML. Compared with the AM, the maximum

hydrogen storage capacity of the alloy formed by MS and AN is slightly reduced. Regarding hydrogen

absorption kinetics, all four alloys reach saturation within 300 seconds. Compared to other preparation

methods, melt-spinning can reduce the slope factor and hysteresis factor, and enhance its resistance to

powdering.
1. Introduction

As the energy crisis continues to intensify and environmental
problems worsen, the search for alternative clean energy sour-
ces has become an urgent priority.1 Hydrogen has garnered
signicant attention due to its abundant reserves, high caloric
value and pollution-free byproducts. However, safe, efficient
storage and transportation remain critical challenges for its
practical implementation and large-scale adoption.2,3 Currently,
there are three methods for hydrogen storage: high-pressure gas
storage,4 cryogenic liquid storage,5 and metal hydrogen
storage.6 Compared to high-pressure gaseous and cryogenic
liquid hydrogen storage, metal hydrogen storage offers distinct
advantages, including enhanced safety and higher energy
density.7 Common hydrogen storage alloys include: rare earth-
based hydrogen storage alloys, titanium-based hydrogen
storage alloys, magnesium-based hydrogen storage alloys8,9 and
vanadium-based hydrogen storage alloys.10 Compared to other
types of hydrogen storage alloys, Ti–Mn based alloys offer
several advantages, such as favorable activation performance,
low cost, and rapid kinetics.11 However, this type of alloy
exhibits issues such as platform slope and hysteresis.12 To
ensure the alloy can be applied on a large scale, scholars have
ce University, Shenyang, 110136, China

hinese Academy of Sciences, Shanghai

the Royal Society of Chemistry
conducted extensive research on improving its hydrogen
properties.

Element substitution is one of the methods for optimizing
the hydrogen storage performance of hydrogen storage alloys.
By replacing elements on either the A side or the B side, the
hydrogen properties of the alloy can be enhanced.13 Regarding
substitution on the A side, Wu et al.14 observed in their study of
Ti1−xCexV0.45Mn1.5 (x = 0, 0.05, 0.10, 0.15, 0.20) alloys that the
hysteresis factor rst decreased and then increased with
increasing Ce substitution, the minimum hysteresis factor was
achieved when x = 0.05. Chen et al.15 found in their study of Ti–
V–Mn based alloys that substituting Zr for Ti increases the
alloy's reversible hydrogen storage capacity, but both hysteresis
factor and slope factor increase. Regarding substitution on the
B side, Park et al.16 found that reducing the stoichiometric ratio
and incorporating V and Cu elements effectively decreased the
platform slope factor. Ni et al.17 demonstrated that when Mo
replaced Mn, the hysteresis factor was decreased. When Fe
replaced Mn, the hydrogen storage plateau were decreased.
Zhang et al.18 discovered that increasing the Mn/Cr ratio in
(Ti0.85Zr0.15)1.02MnyCr1.8−yFe0.2 (y = 1.0–0.4) alloy elevates both
the hydrogen absorption plateau pressure and hysteresis factor.
Qiao et al.19 discovered in their study of the Ti0.8Zr0.2Mn0.92-
Cr0.87Fe0.21 alloy that doping with Cu powder at different weight
ratios (0, 3, 5, and 8 wt%) improved the alloy's hydrogen storage
capacity and reduced the hysteresis factor.

The preparation method is one of the key approaches to
altering the hydrogen storage performance of hydrogen storage
RSC Adv., 2026, 16, 8623–8632 | 8623
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alloys. Fan et al.20 prepared Ti0.85Zr0.25Mn1.5V0.5Fe0.1 alloy and
revealed that annealing the as-cast alloy reduced the hysteresis
factor and enhanced the reversible hydrogen storage capacity.
Huang et al.21 revealed that TiCr1.1V0.5Fe0.1Mn0.1 alloy to melt-
spinning process and the hydrogen storage capacity of the
alloy increased, but the hysteresis factor increase. In this paper,
preliminary research by the team demonstrated that Ti0.75-
Zr0.25Mn0.9CrFe0.1 alloy exhibits high hydrogen storage capacity
and excellent kinetic properties. To further improve the
hydrogen properties of the alloy, The Ti0.75Zr0.25Mn0.9CrFe0.1
alloy was melted using both arc melting andmagnetic levitation
melting. Annealing and melt-spinning were applied to the arc-
melted alloys. The effects of different preparation methods on
the microstructure and hydrogen storage properties of the
Ti0.75Zr0.25Mn0.9CrFe0.1 alloy were systematically investigated.

2. Experimental
2.1. Alloy preparation

The Ti0.75Zr0.25Mn0.9CrFe0.1 alloy was prepared by arc melting
and magnetic levitation melting methods. The materials used
(Ti, Zr, Mn, Cr, Fe) have a purity greater than 99.9%. To ensure
homogeneity, the arc-melted alloy (AM) was turned over and
remelted three times, the magnetic levitation melted alloy (ML)
was likewise turned over and remelted three times. In order to
remove oxide scales, the alloy was mechanically polished using
sandpaper. The alloy is broken into small pieces and placed in
a glove box to maintain the reliability of subsequent experi-
ments and testings.

A 20 g alloy, prepared by arc melting, was placed into the
melt-spinning furnace and processed at a wheel speed of 800
m min−1(MS). A 20 g alloy, prepared by arc melting, was sealed
in a quartz glass tube lled with argon and annealed at 1085 K
for 5 h(AN), then cooled with the furnace set to 30 °C and
removed.

2.2. Structural characterization

The phase structure of the alloys was collected by X-ray
diffraction (XRD) from Bruker. Measurements were performed
in continuous scanmode with 2q range from 20° to 80° at a scan
Fig. 1 (a) XRD patterns of Ti0.75Zr0.25Mn0.9CrFe0.1 alloy samples prepare

8624 | RSC Adv., 2026, 16, 8623–8632
rate of 1.5° per minute. Rietveld renement of the XRD pattern
was carried out using TOPAS soware to analyze the phase
composition and crystal structure information of the alloys. The
surface morphology of the alloy was observed using Merlin
compact scanning electron microscope (SEM) and the distri-
bution of alloying elements was analyzed by energy dispersive
spectroscopy (EDS).

The amount of alloy powder was dispersed in deionized
water and subjected to ultrasonic agitation for 10 minutes to
achieve suitable and stable obscuration. The particle size
distribution was measured using a laser particle size analyzer
(MalvernMastersizer 2000). Themeasurement was repeated ve
times and the average value was calculated.

2.3. Hydrogen storage properties

The pressure–composition–temperature (P–C–T) curves were
measured with a Sieverts-type apparatus.22,23 The alloy ingots
were mechanically crushed into powder, and the 1.5 g samples
powder was loaded into the reactor. In order to remove surface
impurities adhered to the alloy powder, the reactor was evacu-
ated for 40 min at 303 K and activated upon 7 MPa hydrogen
absorption/desorption cycles. Following alloy activation, the
PCT and kinetic testing were conducted at 303 K, 318 K, and 333
K. The maximum pressure were both set at 7 MPa.

3. Results and discussion
3.1. Structural analysis

Fig. 1 present the XRD patterns of the Ti0.75Zr0.25Mn0.9CrFe0.1
alloys prepared by different methods. The results reveal that all
alloys exhibit a single-phase structure. Comparison with PDF
card #04-005-189 conrms this phase to be the C14 Laves phase
(space group P63/mmc). This result is consistent with that re-
ported by Ni et al.17.

Fig. 1(b) presents amagnied view of the XRD patterns in the
42–45° range for the alloys prepared by different methods.
Compared to the arc-melted alloy, the XRD peak positions of the
magnetic levitation melting alloy, the annealed and melt-spun
alloy shied to the right. Pan et al.24 observed that,in their
study on Ti0.84Zr0.16Mn0.9Cr0.7+xFe0.1 (x = 0, 0.1, 0.2) alloys, the
d by different technique; (b) zoom of (a) in the 2q range of 42–45°.

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Table 1 Lattice parameters of Ti0.75Zr0.25Mn0.9CrFe0.1 alloy samples prepared by different technique

Preparation method a/Å c/Å a/c V Å−3 Strain(%) FWHM GOF

AM 4.9139 8.0676 0.6090 168.766 0.25 0.249 1.43
MS 4.9215 8.0535 0.6111 168.684 0.14 0.219 1.73
AN 4.9166 8.0590 0.6100 168.421 0.31 0.260 1.60
ML 4.9138 8.0646 0.6093 168.389 0.40 0.381 1.92

Fig. 2 SEM images and EDS mapping of Ti0.75Zr0.25Mn0.9CrFe0.1 alloy samples prepared by different technique: (a) arc melted, (b) melt-spun, (c)
annealed, (d) magnetic levitation melted.

© 2026 The Author(s). Published by the Royal Society of Chemistry RSC Adv., 2026, 16, 8623–8632 | 8625
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peak position of the XRD pattern shied to the right and the
unit cell volume decreased, this consistent with the ndings in
this study. Among these alloys, the intensity of the diffraction
peak of the melt-spun alloy is the highest. This indicates that
the crystallinity of the alloy is the highest. To further investigate
the lattice parameters and unit cell volume, Rietveld renement
was performed based on the Bragg equation.

2d sin q = nl (1)

The XRD patterns were rened with TOPAS soware and the
resulting unit cell parameters are listed in Table 1; All results
showed GOF (Goodness of Fit) value of less than 2, indicating
the reliability of the renement data. The results in Table 1
show that the unit cell volume gradually decreases in the order
of AM > MS > AN > ML. The unit cell of Ti0.75Zr0.25Mn0.9CrFe0.1
alloy was changed aer annealing andmelt-spinning treatment.
Cheng et al.25 studied the effect of annealing temperature on the
hydrogen storage properties of TiZrCrMnFeNi alloy, and found
that different annealing temperatures had different effects on
Fig. 3 P–C–T curves of the Ti0.75Zr0.25Mn0.9CrFe0.1 alloy samples prepar
pressure and cell volumes of the Ti0.75Zr0.25Mn0.9CrFe0.1 alloy samples p

8626 | RSC Adv., 2026, 16, 8623–8632
the unit cell volume of TiZrCrMnFeNi alloy. This is because the
unit cell volume of C14 Laves phase is greatly affected by the
annealing temperature, and the annealing temperature directly
regulates the lattice parameters of C14 phase. Huang et al.26

studied the effect of annealing on the structure and hydrogen
absorption/desorption characteristics of La0.78Mg0.22Ni3.48-
Co0.22Cu0.12 alloy. It was found that annealing treatment can
make the unit cell volume of La0.78Mg0.22Ni3.48Co0.22Cu0.12 alloy
smaller. The microstructure change of the alloy during
annealing is affected by annealing temperature and alloy
composition. Therefore, the decrease of unit cell parameters
may be caused by the annihilation of lattice strain and crystal
defects during annealing. Therefore, in this study, the cell
volume of the alloy aer melt-spinning and annealing treat-
ment becomes smaller, which may be caused by the lattice
strain and the annihilation of crystal defects during the process.
The melt-spun alloy exhibits signicantly reduced lattice strain,
which is attributed to the enhanced crystallinity, elimination of
crystal defects, and release of internal stress during the rapid
solidication process.20
ed by different technique: (a) 303 K, (b) 318 K, (c) 333 K, (d) the plateau
repared by different technique.

© 2026 The Author(s). Published by the Royal Society of Chemistry
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The surface morphology and element distribution of the
alloys are analyzed by SEM with EDS mapping. The scanning
electron microscopy (SEM) and energy dispersive spectroscopy
(EDS) of the Ti0.75Zr0.25Mn0.9CrFe0.1 before hydrogen absorption
shown in Fig. 2. On the EDS diagram, Ti, Zr, Mn, Cr and Fe are
shown as red, green, bright red, blue and yellow. The arc-
melted, annealed and magnetic levitation melted alloys all
exhibit pronounced Zr segregation. This may be attributed to
the absence of rapid cooling during their solidication, which
facilitated the element's precipitation.27
3.2. Hydrogen storage properties

Fig. 3 shows the PCT curves of the Ti0.75Zr0.25Mn0.9CrFe0.1 alloys
prepared by different methods at 303 K, 318 K, and 333 K under
a maximum hydrogen pressure of 7 MPa. Table 2 presents the
hydrogen storage performances of these alloys. It can be seen
that the arc-melted and magnetic levitation melted alloys
exhibit identical maximum hydrogen capacities at 303 K, 318 K
and 333 K. But the melt-spun and annealed alloys display
a slight decrease in maximum hydrogen storage capacity.
Generally, the hydrogen storage capacity of metal hydrides is
affected by many factors, including the interstitial cell size.28

When the cell volume of the alloy becomes larger, the intersti-
tial cell size becomes larger, resulting in an increase in the
hydrogen storage capacity of the alloy.29 Through the lattice
parameters of Ti0.75Zr0.25Mn0.9CrFe0.1 alloys prepared by
different methods, it can be seen that the cell volume of the
alloy decreases aer the melt-spinning and annealing treat-
ment, so the maximum hydrogen storage capacity decreases.

At 303 K, the plateau pressure increases from 1.50 MPa (AM)
to 2.22 MPa (ML). The order of hydrogen adsorption plateau
pressures is: AM < MS < AN < ML. Lundin et al.30 notes that
larger unit cell volume facilitates the penetration of hydrogen
atoms into the lattice interstices. This results in a decrease in
Table 2 P–C–T performance of the Ti0.75Zr0.25Mn0.9CrFe0.1 alloy
samples prepared by different techniquea,b,c,d,e

Preparation
method T/K Pabs/MPa Pdes/MPa Hf Sf Cmax/wt%

AM 303 1.50 1.06 0.34 1.24 1.80
318 2.22 1.67 0.28 1.21 1.75
333 2.88 2.34 0.21 1.19 1.69

MS 303 1.53 1.21 0.24 0.64 1.76
318 2.33 1.90 0.20 0.68 1.70
333 3.05 2.74 0.11 0.75 1.63

AN 303 1.83 1.28 0.36 1.40 1.75
318 2.68 1.95 0.32 1.35 1.67
333 3.67 2.92 0.23 1.31 1.62

ML 303 2.22 1.32 0.51 1.59 1.80
318 2.90 2.02 0.36 1.55 1.75
333 4.05 2.94 0.32 1.50 1.69

a Pabs is the hydrogen absorption plateau pressure in PCT curves at the
corresponding temperatures. b Pdes is the hydrogen desorption plateau
pressure in PCT curves at the corresponding temperatures. c Hf is the
equilibrium pressure hysteresis factor (Hf = ln(Pabs/Pdes)).

d Sf is the
hydrogen absorption equilibrium pressure slope factor (Sf = ln(P75%/
P15%)).

e Cmax is the maximum hydrogen storage capacity.

© 2026 The Author(s). Published by the Royal Society of Chemistry
the plateau pressure. Fig. 3(d) shows the relationship between
the absorption plateau pressure and unit-cell volume of Ti0.75-
Zr0.25Mn0.9CrFe0.1 alloys prepared by different methods at 303
K. It can be seen that the hydrogen absorption plateau pressure
is inversely proportional to the unit cell volume. The trend in
plateau pressure aligns with the interstitial size effect proposed
by Lundin et al.30 An increase in unit cell volume expands the
interstitial hole size. This enhances hydride stability and
reduces the strain energy during hydrogen occupation. Conse-
quently, the hydrogen absorption plateau pressure decreases.

Hysteresis factor is dened as Hf = ln(Pabs/Pdes). The
hysteresis factors for Ti0.75Zr0.25Mn0.9CrFe0.1 alloys prepared by
different methods at various temperatures were calculated and
are presented in Table 2. The Table 2 shows that compared to
the arc-melted alloy, the hysteresis factor decreases for the melt-
spun alloy, while it increases for the annealed and magnetic
levitation melted alloys. This indicates that melt-spinning
progress can reduce the hysteresis factor. Hysteresis factor
correlates with lattice strain in metal hydrides.31 Park et al.16

found that lattice strain can be represented by the full width at
half maximum (FWHM) of the main peak in the XRD diffraction
spectrum. A large FWHM value indicates increase the degree of
variation in the lattice distortion and grow the hysteresis factor.
Fig. 4 shows that FWHM value with the hysteresis factor for
Ti0.75Zr0.25Mn0.9CrFe0.1 alloys prepared by different methods.
Higher FWHM indicates greater lattice strain and larger
hysteresis. Ni et al.17 reported the same trend for Ti0.9Zr0.1-
Mn0.95Cr0.7V0.2M0.15 (M = Fe, Co, Ni, Cu, Mo) alloys, conrming
our ndings.

The slope factor is used to determine the degree of disorder
in metal hydrides. It an inherent property of metal hydrides.32 It
is dened as Slope = ln(P75%/P15%), with P75% and P15% the
plateau pressures at 75 wt% and 15 wt% of total capacity. Table
2 shows that the magnetic levitation melted alloy has the
steepest plateau slope, whereas the melt-spun alloy exhibits the
smallest. Park et al.33 found that the cause of hydrogen
absorption platform tilting is the inhomogeneit of alloy
composition. The heterogeneous composition results in
Fig. 4 Relationship between the hysteresis factor and FWHM value.

RSC Adv., 2026, 16, 8623–8632 | 8627
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Fig. 5 Kinetic curves: (a) arc-melted alloy (b) melt-spun alloy (c) annealed alloy (d) magnetic levitation-melted alloy.

Fig. 6 Kinetic normalized curves of Ti0.75Zr0.25Mn0.9CrFe0.1 alloy
samples prepared by different methods at 333 K.
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variations of the elemental environment adjacent to the inter-
stitial sites occupied by hydrogen atoms. This leads to changes
in the interstitial binding energy, which subsequently increases
the slope factor. Fig. 2 reveals the homogeneous distribution of
Zr in themelt-spun alloy and Zr segregation is observed in alloys
prepared by other methods. Therefore, the melt-spinning
process promotes a more homogeneous elemental distribu-
tion, thus reducing the plateau slope of the alloy.

3.3. Hydrogen absorption kinetics performance

Fig. 5 shows the hydrogen absorption kinetics curves of Ti0.75-
Zr0.25Mn0.9CrFe0.1 alloys prepared by different methods at 303
K, 318 K and 333 K. It can be seen from Fig. 5 that under the
same preparation method, as the temperature increases, the
hydrogen storage capacity of the alloy gradually decreases and
the hydrogen absorption rate becomes slower. Under the
condition of the same maximum hydrogen pressure, the
hydrogen absorption plateau pressure of the alloy gradually
increases with the increasing of temperature and the pressure
driving force decreases with the increase of the hydrogen
absorption plateau pressure. The hydrogen absorption rate
increases with the increase of pressure driving force. Therefore,
under the same preparation method, the hydrogen absorption
rate of the alloy slows down with the increase of temperature.

The Chou model was used to analyze the kinetics of the
alloys.34 The expression of the Chou model is as follows:

xd ¼ 1�
"
1�

ffiffiffiffiffiffiffiffi
t

tcðdÞ

s #3

(2)
8628 | RSC Adv., 2026, 16, 8623–8632
Fig. 6 is the hydrogen absorption kinetics normalized curve of
Ti0.75Zr0.25Mn0.9CrFe0.1 alloy prepared by different methods at
333 K. It can be seen from Fig. 6 that all alloys can reach the
maximum hydrogen absorption capacity within 300 s, showing
good hydrogen absorption kinetics. The t90% is the time
required for Ti0.75Zr0.25Mn0.9CrFe0.1 alloy with different prepa-
ration methods to reach 90% hydrogen storage capacity at 333
K. From Fig. 6, it can be seen that the t90% of the alloy from large
to small is: ML > AN > MS > AM. Fig. 7 shows the kinetic tting
© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 7 The fitted hydrogen absorption kinetic curves of the Ti0.75Zr0.25Mn0.9CrFe0.1 alloy: (a) arc-melted alloy (b) melt-spun alloy (c) annealed
alloy (d) magnetic levitation-melted alloy.
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diagram of Chou model of hydrogen absorption kinetics of
Ti0.75Zr0.25Mn0.9CrFe0.1 alloy prepared by different methods at
333 K. The tting results are in good agreement with the
experimental results, indicating that the control step of
hydrogen absorption kinetics of Ti0.75Zr0.25Mn0.9CrFe0.1 alloy
prepared by different methods is the diffusion control of
hydrogen atoms in metal hydrides. Jiang et al.35 found that the
hydrogen absorption rate of the alloy is inversely proportional
to the plateau pressure and proportional to the diffusion coef-
cient of hydrogen in the metal through the kinetic model.
Under the same initial hydrogen pressure, the higher the
hydrogen absorption platform pressure, the smaller the pres-
sure difference, the smaller the driving force, and the slower the
hydrogen absorption rate. It can be seen from the previous text
that the order of hydrogen absorption plateau pressure of
Fig. 8 Van't Hoff curves of the Ti0.75Zr0.25Mn0.9CrFe0.1 alloy samples pre

© 2026 The Author(s). Published by the Royal Society of Chemistry
Ti0.75Zr0.25Mn0.9CrFe0.1 alloy under different preparation
methods is: ML > AN > MS > AM. Therefore, the order of
hydrogen absorption rate of Ti0.75Zr0.25Mn0.9CrFe0.1 alloy under
different preparation methods is: AM > MS > AN > ML.
3.4. Thermodynamic properties

To study the thermodynamic properties of Ti0.75Zr0.25Mn0.9-
CrFe0.1 alloys prepared by different methods. Fig. 8 show that
Van't Hoff curves were plotted using PCT curves at various
temperatures. All curves had tting coefficients (R2) above 0.99,
indicating reliable results. Table 3 show that thermodynamic
parameters.

The Table 3 shows that the enthalpy change for hydrogen
adsorption ranges from 18 to 20 KJ mol−1, while that for
pared by different methods. (a) absorption, (b) desorption.
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Table 3 Thermodynamic properties of the Ti0.75Zr0.25Mn0.9CrFe0.1 alloy samples prepared by different methods at 303 K

Preparation method DHabs/KJ mol−1 DHdes/KJ mol−1 DSabs/J mol−1 K−1 DSdes/J mol−1 K−1

AM −19.9 23.5 −88.0 96.9
MS −19.3 23.3 −87.4 96.2
AN −18.9 23.1 −86.7 96.1
ML −18.3 22.6 −85.7 95.9

Fig. 9 XRD patterns of Ti0.75Zr0.25Mn0.9CrFe0.1alloy prepared by different methods before and after hydrogen absorption/desorption: (a) arc-
melted alloy (b) melt-spun alloy (c) annealed alloy (d) magnetic levitation-melted alloy.
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hydrogen desorption ranges from 22 to 24 KJ mol−1. The
absolute values of enthalpy changes for hydrogen adsorption
and desorption follow the order AM >MS > AN > ML. This result
aligns with the trend in unit cell volume changes. It indicates
a correlation between unit cell volume and enthalpy change. Li
et al.36 proposed that the formation enthalpies of hydrides
depends on two factors: the electronegativity factor and the
electron density parameter. The electron density parameter is
associated with the molar volume. Due to these dependencies,
the enthalpy is proportional to the unit cell volume. In the
present study, as the unit cell volume of the alloy decreases, the
hydride formation enthalpy also decreases. This conclusion is
supported by the studies of Cao et al.37

3.5 Hydrogen cycling properties

In order to analyze the phase structure, we performed XRD
characterization of the alloys prepared by different methods aer
hydrogen absorption/desorption (Fig. 9). It can be seen from
Fig. 9 that the alloy aer hydrogen absorption/dehydrogenation
8630 | RSC Adv., 2026, 16, 8623–8632
maintains the original phase composition (C14 Laves phase)
and no other phases are formed. Notably, the peaks of the alloy
aer hydrogen absorption/dehydrogenation exhibit signicant
broadening, which may be attributed to increased microstrain,
crystallite renementor even amorphization effects.38

Fig. 10 shows SEM images of the Ti0.75Zr0.25Mn0.9CrFe0.1 alloy
samples prepared by different methods aer experiments. The
results reveal that all four alloys exhibit signicant surface cracks
on the particles aer experiments. Akash Verma et al.39 found
that when preparing NaCl microcrystals, the grains were repeat-
edly applied pressure and there would be dislocations inside. The
accumulation of dislocations would make the grains become
smaller subgrains. In the hydrogen storage alloy, hydrogen atoms
enter and exit the crystal structure, resulting in lattice stress.
These lattice stresses lead to the generation of lattice defects,
which in turn produces lattice strain, making the particles break
into smaller particles. Therefore, there were many cracks in the
particles. Fig. 11 shows the particle size distribution curve of
Ti0.75Zr0.25Mn0.9CrFe0.1 alloy aer hydrogen absorption and
© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 10 SEM images of different status of Ti0.75Zr0.25Mn0.9CrFe0.1 alloy
samples after experiment. (a) arc-melted; (b) melt-spun; (c) annealed;
(d) magnetic levitation melted.

Fig. 11 Particle size distribution curves of Ti0.75Zr0.25Mn0.9CrFe0.1 alloy
after experiment.
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desorption under different preparation methods. The particle
size data of the alloy powders are shown in Table 4. It can be seen
that the particle size of MS is larger than that of the other alloys.
The other three alloys result in similar. K. Young et al.40 showed
that the a/c ratio is related to the pulverization resistance. A
Table 4 Detailed powder size information of the Ti0.75Zr0.25Mn0.9-
CrFe0.1 alloy samples after experimenta

Preparation method

Power size (mm)

D10 D50 D90 Da

AM 3.364 8.725 16.494 8.958
MS 4.214 12.471 25.012 12.444
AN 3.161 8.542 20.330 9.371
ML 3.426 8.627 17.049 9.080

a Da is the average particle size of the alloy particles in the range of 0–100
mm.

© 2026 The Author(s). Published by the Royal Society of Chemistry
higher a/c value corresponds to improved resistance to pulveri-
zation. As can be seen from Table 1, the MS exhibits a larger a/c
ratio compared to the other three alloys. The particle size remains
larger. Therefore, the melt-spinning progress can increase the
pulverization resistance of alloys.

4. Conclusion

The Ti0.75Zr0.25Mn0.9CrFe0.1 alloys were prepared by four
different methods: arc melting, melt spinning, annealing and
magnetic levitation melting. The microstructure and hydrogen
absorption/desorption properties of the alloys were systemati-
cally studied. The following main conclusions can be drawn
from the results and analysis of this study:

(1) The alloy under the four processes maintains a single C14
Laves phase structure and the cell volume of the four processes
is in the order of AM > MS > AN > ML.

(2) The plateau pressure of the alloy is: AM < MS < AN < ML.
Compared with the AM, the maximum hydrogen storage
capacity of the alloy treated by MS and AN is slightly reduced.
The MS can effectively improve the hysteresis and slope of the
alloy. At 303 K, all alloys can reach the hydrogen absorption
saturation of the alloy within 300 s, showing good hydrogen
absorption kinetics.

(3) Among the four preparation methods, the melt-spinning
progress can improve the hysteresis factor and slope factor of
Ti0.75Zr0.25Mn0.9CrFe0.1 alloy, and improve the pulverization
resistance of the alloy.
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