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The structural and magnetic properties of the (R,R’)2Fe17-type (R and R’ are heavy (Ho, Er) and light (Sm)
rare earth metals, respectively) compounds and the (R,R’)2Fe17Hy hydrides are reported. The hydrides with a
high hydrogen concentration (y ≥ 4) are obtained by direct hydrogen absorption by the intermetallics. The
rhombohedral Th2Zn17-type of structure is inherent in the Sm containing parent compounds and hydrides.
The unit cell increase and increased Curie temperature are characteristic of the hydrides. Magnetic prop
erties of the samples are investigated in pulsed magnetic fields up to 60 T. Strong magnetic fields induce
phase transitions in the compounds with a high content of heavy rare earth elements. The parameter of the
intersublattice exchange interaction is estimated.
© 2021 Elsevier B.V. All rights reserved.
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1. Introduction
The idea of technology based on clean hydrogen energy is cur
rently flourishing. Hydrogen packed into a solid (metals or inter
metallics) as densely as possible permits long-lasting storage, safe
transportation and a release in a controlled way [1,2]. Metal hydrides
synthesized by direct solid-gas reaction have excellent storage cap
abilities and attract attention of scientists and technologists [3].
Intermetallic compounds based on the 4f- and 3d- transition metals,
e.g. LaNi5 [4], are well known for their ability to absorb large
amounts of hydrogen and store it in a safe way. Some of the com
pounds R2Fe17 (R is a rare earth metal) demonstrate a fairly high
hydrogenation capacity in combination with interesting and im
portant magnetic properties. As for the latter, hydrogenation is
known as a powerful tool for changing significantly physical prop
erties of materials (not only magnetic but also mechanical, electrical
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etc.) [5–13]. It is therefore important to study thoroughtly the
properties of hydrides before a particular material is recommended
for the use in hydrogen technology (including, but not limited to, the
production of permanent magnets capable of working in the hy
drogen-containing media).
The maximum amount of hydrogen absorbed by R2Fe17 is 5 at.H/
f.u. R2Fe17 compounds can crystallize in two structural modifications
depending on the type of the rare earth (heavy or light). For light
rare earths, the Th2Zn17 structure is formed, while in the case of
heavy rare earths, the structure is Th2Ni17. Some of the compounds
with Rs belonging to the boundary region can have a mixed structure
[14]. In the latter samples the rhombohedral or hexagonal structure
can be stabilized depending on the heat treatment and/or quenching
conditions. The compounds that combine both heavy and light rareearth metals have been studied rather poorly. Depending on the
ratio of the rare-earth metals in the compound, structural phase
transitions can be observed [15]. In both the rhombohedral and
hexagonal R2Fe17 compounds the occupied sites are of two types, a
2R–4Fe site of distorted octahedral coordination, and a second
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2R–2Fe site of tetrahedral coordination, yielding a maximum con
tent of five hydrogen atoms per formula unit [16].
The magnetic structures of the R2Fe17 and their interstitially
modified compositions with heavy and light rare earth metals are
also different [17,18]. For light Rs the magnetic structure is ferro
magnetic (moments of R and Fe sublattices are co-aligned), while for
heavy rare earths the magnetic structure is ferrimagnetic (i.e. the
moments of the sublattices are anti-aligned with respect to each
other). Application of sufficiently strong magnetic fields to the fer
rimagnets may break the magnetic moments arrangement and in
duce a ferromagnetic state in the compounds [19–22]. Such
compounds with a field-induced ferromagnetism will have the
highest magnetization since the magnetic moments of heavy Rs
from Gd to Tm ranging between 7 and 10 µB are much higher than
the magnetic moments of light Rs. (For comparison, the magnetic
moment for the trivalent Sm3 + is only 0.7 µB). Furthermore, in
spection of the field-induced magnetic phase transitions (having the
form of continuous or abrupt magnetization jumps) in the R2Fe17type compounds allows one to obtain information on the exchange
interaction between the iron and rare earth sublattices [23].
Hydrogenation often boosts the volume of R2Fe17 while keeping
the parent crystal structure unchanged [7]. It increases distances
between the magnetoactive ions and thus affects exchange inter
actions in the compounds. Presence of negative exchange interac
tions in some of the Fe-Fe pairs leads to the very low Curie
temperatures (TC) in the parent R2Fe17 despite the very high content
of Fe. Hydrogenation strengthens ferromagnetic (positive) exchange
interactions and increases the Curie temperatures in R2Fe17. The TC
values linearly depend on the hydrogen concentration [20,24]. As
regards the problem of influence of hydrogenation on the inter
sublattice R-Fe exchange, it requires a detailed study. Employment of
high magnetic fields for ferrimagnets in this work provides a reliable
and detailed knowledge on these interactions [25]. Such information
can also be obtained from analyzing Curie temperatures of the hy
drides or from the expensive inelastic neutron scattering experi
ments [17,26]. In the former case however, the TC increase and
increased mobility of hydrogen associated with it permit only a
qualitative analysis.
The present work is structured as follows. In the first part we
analyze the crystal structure of the (R,R’)2Fe17-type of compounds
and their hydrides with a mixture of light and heavy R’s. In the
second part, we perform a comparative study of the magnetic
properties of the (R,R')2Fe17-H and R2Fe17-H compounds with ferri
magnetic ordering in high magnetic fields and at low temperatures
to deduce the effect of hydrogenation on the intersublattice ex
change interactions. The effect of hydrogenation on the Curie tem
perature is also investigated for the new compositions.

with an attachment for X-ray energy dispersive (EMF) analysis in the
secondary electron mode. In all cases, the errors in determining the
concentration of elements did not exceed 0.5 at%.
An XRD study was carried out by means of a DRON-4-07 dif
fractometer (U = 40 kV, I = 30 mA) using a CoKα radiation. The dif
fraction patterns were taken at 2Ɵ = 20–120° with a step of 0.05°
and an exposure of 5 s per point. The diffraction profiles were refined
by the full-profile Rietveld method using the Rietan 2000 program
[27]. The accuracy in determining the lattice parameters was ±
(0.01–0.05)%, and in establishing the mass ratio of the phases ±
(5–10)%. The determination of the chemical (elemental) composi
tion of the cast samples was carried out using a wave-dispersive Xray spectral fluorescence spectrometer Rigaku ZSX Primus II.
Synthesis of hydrides was carried out using a hydrogenation
equipment designed for this purpose by direct reaction of parent
samples crushed into fine powders with a high purity hydrogen
(impurity content 10–3–10–4 wt%) obtained by decomposing
LaNi5Hy hydride [28]. Hydrogenation was performed in a stainless
steel chamber. Prior to hydrogenation, the surface of powder
samples was degassed by evacuating the system at room tem
perature for two hours. Then the chamber was filled with hydrogen.
The reaction with hydrogen did not begin at room temperature.
Hydrogen absorption was initiated by thermally activating the
sample. The sample was slowly heated to 473 K in a similar fashion
to the previously studied system R2Fe17Hу [13]. The reaction
chamber with the sample inside heated to 453–473 K was kept for
5 h under a hydrogen pressure of 3.5 MPa. Then the heating was
discontinued and the reaction chamber was kept for several hours
at room temperature to reach equilibrium. At higher temperatures,
the most probable scenario of interaction of parent R2Fe17 or
(Sm,R)2Fe17 (R = Ho; Er) compounds with hydrogen would be dis
proportionation reaction to α-Fe and RzH (z = 2; 3) in case of binary
compounds and to α-Fe and (Sm,R)zH (z = 2; 3) in case of the
compound modified by substitution.
The amount of absorbed hydrogen was determined based on the
difference in the gas pressure before and after the reaction, and the
composition of the obtained hydrides was calculated using the van
der Waals equation. The relative error in determining the hydrogen
concentration is ± 0.1H/Sm2−xRxFe17 ( ± 0.05 mass% H2), ± 0.1H/
R2Fe17 ( ± 0.05 mass% H2). The hydride was formed according to the
following reaction scheme: R2Fe17 + y/2·H2 → R2Fe17Hy; Sm2−xRxFe17
+ y/2H2 → Sm2−xRxFe17Hy, where R = Ho; Er.
The maximum concentration of hydrogen, 4.6 hydrogen atoms
per formula unit, was obtained for Sm1.2Er0.8Fe17. Table 1 shows the
results of X-ray diffraction studies of the parent samples R2Fe17,
Sm2−xRxFe17 (R = Ho, Er) and their stable hydrides. The results are in
good agreement with the data obtained for similar systems
[13,29–32].

2. Experimental details
Table 1
The lattice parameters, the c/a ratio, unit cell volume and relative volume change ∆V/
V for R2Fe17, Sm2−xRxFe17 (R = Ho, Er) and their hydrides.

Cast alloys Ho2Fe17, Er2Fe17, Sm2−xHoxFe17, x = 0.4, 0.8 and
Sm2−xErxFe17, x = 0.2, 0.8 (Ho2Fe17 (10.5 at% Ho), Er2Fe17 (10.5 at% Er),
Sm2−xHoxFe17 with x = 0.4, 0.8 (2.1; 4.2 at% Ho) and Sm2−xErxFe17
with x = 0.2, 0.8 (1.1; 4.2 at% Er) were prepared by induction melting
of high-purity starting components (Sm, Ho, Er of 99.5% purity, Fe of
99.9%) in an argon atmosphere. In order to compensate for the loss
of rare earth metals due to evaporation, excess amounts of Sm (5 wt
%), Ho and Er (1–1.5 wt%) were added to initially estimated amounts
of materials. Then the samples were annealed in evacuated quartz
ampoules at a temperature of 1000 °C for 4–8 days for homo
genization.
The chemical and phase composition of the alloys was char
acterized using microstructural, X-ray diffraction (XRD) and X-ray
fluorescence (RFLA) analyzes. The microstructure of the polished
samples before and after the annealing procedure was studied using
a LEO EVO 50 XVP scanning electron microscope (SEM) equipped
2

№

Sample

a, Å

c, Å

c/a

V, Å3

∆V/V,%

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Sm2Fe17 [13]
Sm2Fe17H4.7 [13]
Но2Fe17
Но2Fe17H3.2
Sm1.6Но0.4Fe17
Sm1.6Но0.4Fe17H4
Sm1.2Но0.8Fe17
Sm1.2Но0.8Fe17H4.4
Er2Fe17
Er2Fe17H3
Sm1.8Er0.2Fe17
Sm1.8Er0.2Fe17Н4.4
Sm1.2Er0.8Fe17
Sm1.2Er0.8Fe17Н4.6

8.554
8.682
8.449(8)
8.533(4)
8.541(9)
8.649(7)
8.522(0)
8.644(3)
8.440(5)
8.452(2)
8.555(8)
8.632(1)
8.518(2)
8.641(7)

12.443
12.550
8.312(2)
8.325(1)
12.459(5)
12.526(2)
12.429(6)
12.521(5)
8.261(3)
8.279(5)
12.453(9)
12.511(7)
12.431(4)
12.520(1)

1.455
1.446
0.984
0.976
1.458
1.448
1.458
1.449
0.978
0.979
1.456
1.449
1.459
1.449

788.4
819.2
512.7
523.9
789.6
815.2
783
811.5
509.5
522.2
788.8
815.6
791.3
818.6

–
3.9
–
2.2
–
3.2
–
3.6
–
2.5
3.3
–
3.5
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The Curie temperatures were determined from the temperature
dependence of magnetization measured in a magnetic field of μ0H
= 0.1 T at 290–800 K as the maximum of the temperature derivative
of the magnetization, |dM/dT|. High-field magnetization measure
ments were performed at the Dresden High Magnetic Field
Laboratory in pulsed magnetic fields up to 60 T at different tem
peratures [33,34]. Experimental results of M(H) were normalized to
the static magnetization measurements up to 14 T, which were ob
tained using a commercial PPMS 14 (Quantum Design, USA) in
stallation. The value of the critical field μ0Hcr1 at T = 2 or 4.2 K was
determined by the peak of the field derivative of the magnetization,
|dM/dH|. The error in determining the critical field using this
method was ± 0.5 T. The experimental data were processed by the
mean field theory [35–37].

The XRD study showed that diffraction patterns of the samples
correspond to hydride phases with a high hydrogen concentration
(2: 17: H) and soft magnetic α-Fe. Fig. 2 shows typical XRD patterns
of Sm1.2Но0.8Fe17 (a) and its hydride Sm1.2Но0.8Fe17H4.4 (b) measured
at room temperature. The absence of additional phases such as
(Sm,R)H2, (Sm,R)H3 with R = Ho and Er excludes the possibility of
hydrogen-induced phase decomposition and indicates the correct
temperature regime of hydrogenation and a high degree of thermal
stability of the hydrides obtained. The lattice parameters of the main
2:17 phase before and after hydrogenation are given in Table 1.
Hydrogen absorption leads to a significant increase in the unit
cell volume up to 3.6% without changing the structure type of
Sm2−xRxFe17. We find anisotropic expansion of the unit cell upon
hydrogenation occurring predominantly in the basal plane. This is in
good agreement with the data for the hydride of parent Sm2Fe17.
It is known that possible hydrogen concentration in R2Fe17 with
light rare earths is 5H at./f.u. This number can be reduced to 3.5 H
at./f.u. in the case of heavy rare earths [7,24]. We observe a lower
hydrogen absorption capacity for the Ho-substituted (Sm,Ho)2Fe17
and Er-substituted (Sm,Er)2Fe17 samples, where the maximum con
centration of absorbed hydrogen was 4.4 and 4.6H atoms per for
mula unit (H/Sm1.2Ho0.8Fe17 = 4.4 and H/Sm1.2Er0.8Fe17 = 4.6),
respectively.
The reason for obtaining a smaller amounts of hydrogen in the
samples is probably due to the fact that the structure becomes more
compact when passing from light metals to heavier ones – the vo
lume of interstitial sites occupied by hydrogen atoms decreases ac
cordingly. Therefore, it is harder for the interstitial atoms to enter
these sites. Based on the data in Table 1, it can be concluded that the
partial replacement of samarium atoms with heavy Rs, Ho and Er in
combination with hydrogenation of Sm2−xRxFe17 affects the absorp
tion capacity of the materials as compared to parent Sm2Fe17. And
although we could have expected the amount of absorbed hydrogen
by the Ho-containing alloy to be greater than that of the Er-con
taining one, one should also take into account the amount of im
purity phase in the parent sample (higher in the Ho-containing
sample) affecting the hydrogen absorption saturation.

3. Results and discussion
3.1. Structural properties of R2Fe17–H and (R,R’)2Fe17–H
The initial microstructure analysis and XRD of cast alloys showed
that all synthesized samples were non single-phase and contained in
addition to the main phase of the type 2:17, Sm-rich secondary
phases (1:3 and 1:2) and α-Fe which agrees with binary phase dia
grams of the R-Fe systems. By using high-temperature annealing,
formation of a dominating 2:17 phase is usually achieved as a result
of interaction between Fe and Sm-rich phases. Typical SEM images
of as cast (a-d) and annealed (e-h) Sm2−xRxFe17 samples are shown
in Fig. 1.
The XRD study showed that the Ho2Fe17 and Er2Fe17 samples are
nearly single-phase after annealing. The main 2:17 phase crystallizes
in the structural modification Th2Ni17 (space group P63/mmc).
According to the SEM and XRD data, the Sm2−xHoxFe17 and
Sm2−xErxFe17 alloys remained two-phase after annealing. The main
2:17 phase of Sm2−xRxFe17 (R = Ho, Er) has a rhombohedral crystal
structure of the Th2Zn17 structural type (space group R3m). The
amount of impurity phase, soft magnetic phase α-Fe, varied between
2.5% and 8% for different samples.
Obviously, the presence of α-Fe is caused by an insufficient
amount of samarium during samples preparation despite our at
tempt to compensate for the loss of Sm by using excess amount of
the metal. Table 2 lists the annealing regimes, phase composition of
the samples and mass content of phases in the alloys. One can see
that ingots of Ho2Fe17 and Sm2−xHoxFe17 (x = 0.4, 0.8) after hightemperature treatment are not largely depleted in Sm upon addition
of 5 wt% of Sm to the weighted batch. For Sm1.2Ho0.8Fe17 with the
largest amount of substituted rare earth (4.2 at% Ho), we should have
probably increased the amount of added Sm in order to get the
single-phase sample.
The same concerns Sm1.2Er0.8Fe17 (see Table 2), for which a 5%
excess of Sm was insufficient as we observe a 5 wt% of α-Fe in the
sample. In case of producing Sm1.8Er0.2Fe17 (1.1% Er), i.e. close to the
composition Sm2Fe17, evaporation of samarium occurred more in
tensively than even in the sample with a higher erbium content
(4.2 at% Er).
Partial substitution of Sm with heavier Ho and Er in Sm2Fe17
leads to a decrease of the lattice parameters a and c due to the
lanthanide contraction (Table 1). In particular, in Ho and Er-con
taining samples of Sm2−xRxFe17 (R = Ho, Er), a, c decrease mono
tonously with increasing х. Interestingly, in the Ho-containing series
the c/a ratio equals 1.458, while for the Er-series, the c/a ratio in
creases from 1.456 to 1.459. The unit cell volume remains practically
unchanged with an increase in the R content for both systems.
The interaction of Sm2−xHoxFe17 and Sm2−xErxFe17 with H2 was
studied at a hydrogen pressure of 3.5 MPa and following the same
protocols for both systems. The obtained hydrides are finely dis
persed powders resistant to oxidation in air at room temperature.

3.2. Temperature variation of magnetization of R2Fe17–H and
(R,R’)2Fe17–H systems
Temperature dependences of magnetization of R2Fe17Hy and
(R,R’)2Fe17Hy (0 ≤ y ≤ 4.6) are shown in Figs. 3 and 4 and values of
Curie temperatures are given in Table 3. We observe an increase in TC
after hydrogenation.
For Er2Fe17 and Ho2Fe17, the Curie temperatures are in good
agreement with the known literature data [13]. The Tc of hydrides
depends on the hydrogen content and is extremely sensitive to the
determination method. It is then possible to compare the values of
Curie temperatures if the samples are measured in identical ex
perimental conditions. For instance, Curie temperatures of
Sm1.6Ho0.4Fe17 and Sm1.6Ho0.4Fe17H4, are TC = 388 K and 510, re
spectively. The average increase in the Curie temperature is 30–35 K
for each hydrogen atom absorbed by the compounds (Sm,R)2Fe17 (R
= Ho or Er). The Curie temperatures of these compounds are de
termined, mainly, by the Fe–Fe exchange interactions [7,17]. The
experimental results therefore indicate strengthening of the Fe-Fe
exchange interactions as a result of hydrogenation [38].
3.3. High-field magnetic properties of R2Fe17–H and (R,R’)2Fe17–H
We studied the magnetic properties of the parent compound
R2Fe17 and (Sm,R)2Fe17 and their hydrides mainly at low tempera
tures in high magnetic fields (see Figs. 5–10) with the aim of de
termining the fundamental parameters such as saturation
magnetization, critical fields of the field-induced magnetic phase
3
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Fig. 1. SEM micrographs of Sm2−xRxFe17 (R = Ho, Er): as-cast samples (a-d) and samples annealed at 1273 K (e-h). The phase of 2:17-type is gray, Sm-rich phase is white, α-Fe is
black.

transitions and, most importantly, the inter-sublattice exchange in
teraction and the influence of hydrogen on it in the Th2Ni17-type
(system R2Fe17-H) and Th2Zn17-type (system (Sm,R)2Fe17 – H)
structures (see Table 3).
Fig. 5 shows the magnetization curves for Ho2Fe17 and its hydride
Ho2Fe17H3.2 measured in magnetic fields up to 60 T at various tem
peratures. The data obtained at T = 4.2 K reveal the values of the first
critical field μ0Hcr1 (this is the field at which the magnetization

begins to increase sharply). It is seen that μ0Hcr1 = 42.5 and 37.5 T for
the parent sample and its hydride, respectively. Thus, hydrogenation
decreases μ0Hcr1. The μ0Hcr1 values, the saturation magnetization MS,
and the parameter λ of the inter-sublattice exchange interaction,
determined by the equation within the framework of the mean field
theory [39,40]:
Hcr1 = λ(MFe – 2 MHo)

4
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Table 2
Annealing conditions and results of phase analysis of alloys from the XRD and
EDMA data.
Sample

Annealing
conditions

Phase
composition

Structure type

Content of
phases,
mass.%

Но2Fe17

1273 К,
240 h
1273 К,
96 h
1273 К,
192 h
1273 К,
240 h
1273 К,
96 h
1273 К,
192 h

2:17
α-Fе
2:17
α-Fе
2:17
α-Fе
2:17
α-Fе
2:17
α-Fе
2:17
α-Fе

Th2Ni17
Bcc
Th2Zn17
Bcc
Th2Zn17
Bcc
Th2Ni17
Bcc
Th2Zn17
Bcc
Th2Zn17
Bcc

97
3
96
4
92
8
98
2
93
7
95
5

Sm1.6Но0.4Fe17
Sm1.2Но0.8Fe17
Er2Fe17
Sm1.8Er0.2Fe17
Sm1.2Er0.8Fe17

Fig. 3. Temperature dependences of magnetization of (Sm,Но)2Fe17 and their hydrides
in a magnetic field of μ0H = 0.1 T.

Fig. 4. Temperature dependences of magnetization of (Sm,Er)2Fe17 and their hydrides
in a magnetic field of μ0H = 0.1 T.

Table 3
Magnetic data of R2Fe17, Sm2−xRxFe17 and their hydrides.
Fig. 2. Room-temperature XRD patterns of Sm1.2Но0.8Fe17 (a) and its hydride
Sm1.2Но0.8Fe17H4.4 (b) at room temperature: points are experimental values, the solid
line is a Rietveld fit the lower curve is a difference between experiment and calcu
lation.

where MFe and MHo are the magnetization values of the Fe and Ho
sublattices, respectively (Table 3). The mean magnetic moment of Fe,
μFe = 2.0 μB, in the parent Ho2Fe17 practically remains unchanged
after hydrogenation [16,41–43]. Taking this fact into account, we can
say that the parameter λ decreases from 2.6 ± 0.1 T/μB to 2.3 ± 0.1 T/
μB with an increase in the hydrogen concentration in the sample
from 0 to 3.2 at.H/f.u. Earlier, for the deuteride Gd2Fe17Dy system,
determination of exchange coupling constant Jex showed that in
corporation of deuterium atoms into the octahedral sites (at y ≤ 3)
has practically no effect on Jex, while Jex drops significantly when the
tetrahedral interstitial sites are filled (at y > 3).
By inspecting Fig. 5 further, one can also trace the transformation
of the spin-reorientation transition induced by an external magnetic

№

Composition

TC , K

MS, µB T = 2 K

μ0Hcr1, T

λ, T/μB

1
2
3
4
5
6
7
8
9
10
11
12

Но2Fe17
Но2Fe17H3.2
Sm1.6Но0.4Fe17
Sm1.6Но0.4Fe17H4
Sm1.2Но0.8Fe17
Sm1.2Но0.8Fe17H4.4
Er2Fe17
Er2Fe17H3
Sm1.8Er0.2Fe17
Sm1.8Er0.2Fe17Н4.4
Sm1.2Er0.8Fe17
Sm1.2Er0.8Fe17Н4.6

327
426
388
510
383
518
307
404
386
525
362
490

17.1
17.1
34.2
34.1
29.9
29.8
19.1
19.1
36.6
36.5
30.7
30.6

42.5
37.5
–
–
–
55.0
37.5
34.0
–
–
43.5
41

2.6
2.3
–
–
–
2.1
2.1
1.9
–
–
1.6
1.5

field with the increasing temperature. It can be seen that this tran
sition (shaped as a broken M (H) curve) disappears in the parent
compound Ho2Fe17 much earlier than in the hydride Ho2Fe17H3.2,
being associated with an increase in the Curie temperature of the
hydrogenated sample in comparison with the H-free sample.
5
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Fig. 5. Magnetization curves for Но2Fe17 and its hydride Но2Fe17H3.2 measured in pulsed magnetic fields at different temperatures: 4.2, 40, 80 and 120 K.

Partial substitution of Sm atoms for Ho in the (Sm,Ho)2Fe17
compounds leads to a significant increase in the saturation magne
tization (29.9 and 34.2 μB, in Sm1.2Ho0.8Fe17 and Sm1.6Ho0.4Fe17, re
spectively, compared to 17.1 μB in Ho2Fe17) since the magnetic
moments of Sm are ordered parallel to the magnetic moments of Fe
atoms.

In contrast to the M(H) curves of Ho2Fe17, the M(H) curves of
Sm1.2Ho0.8Fe17 and Sm1.6Ho0.4Fe17 demonstrate behavior character
istic of ferromagnets in fields up to 60 T (see Figs. 6 and 7). And only
in the sample with a high Ho content we observe a spin-reorienta
tion transition induced by the magnetic field as a result of hydro
genation and weakening of the intersublattice exchange. The

6

I.S. Tereshina, S.V. Veselova, V.N. Verbetsky et al.

Journal of Alloys and Compounds 897 (2022) 163228

Fig. 6. Magnetization curves for Sm1.2Ho0.8Fe17 and Sm1.2Ho0.8Fe17H4.4 measured in pulsed magnetic fields at T = 4.2 K.

Fig. 7. Magnetization curves for Sm1.6Ho0.4Fe17 и Sm1.6Ho0.4Fe17H4 measured in pulsed magnetic fields at T = 2 K.

transition field μ0Hcr1 is 55 T for the hydride Sm1.2Ho0.8Fe17H4.4. To
evaluate the parameter λ of the inter-sublattice exchange interaction
in this case we used a modified expression:
Hcr1 = λ(MFe – ξ MHo)

magnetization curves for Er2Fe17 and Er2Fe17H3 measured in mag
netic fields up to 60 T at T = 4.2 K. We denote values of the first cri
tical field μ0Hcr1 in the figures. It is seen that μ0Hcr1 = 37.5 and 34 T
for the parent sample and its hydride, respectively. Thus, hydro
genation, as in the case of the Ho2Fe17-H system, leads to a decrease
in the μ0Hcr1 value. The values of the parameter λ calculated using
formula (1) are 2.1 ± 0.1 and 1.9 ± 0.1 T/μB for Er2Fe17 and Er2Fe17H3,
respectively.
Partial replacement of heavy Er atoms by light Sm atoms in
(Sm,Er)2Fe17 compounds leads to a significant increase in the sa
turation magnetization (30.7 and 36.6 μB, for Sm1.2Er0.8Fe17 and
Sm1.8Er0.2Fe17, respectively, compared to 19.1 μB for Er2Fe17). Note

(2)

.

where ξ = х/(1 + λSm χSm), x is the concentration of Ho. λSm and χSm are
the exchange parameter and susceptibility of the Sm sublattice, re
spectively [44]. According to our estimates, the product λSm·χSm does
not exceed 0.1. The magnitude of λ is 2.1 ± 0.1 T/μB.
By analogy with the (Sm,Ho)2Fe17-H system, we studied the highfield properties of the (Sm,Er)2Fe17-H system, including the parent
compound Er2Fe17 and its hydride Er2Fe17H3. Fig. 8 shows the

Fig. 8. Magnetization curves for Er2Fe17 and Er2Fe17H3 measured in pulsed magnetic fields at T = 4.2 K.
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Fig. 9. Magnetization curves for Sm1.2Er0.8Fe17 and Sm1.2Er0.8Fe17H4.6 measured in pulsed magnetic fields at T = 2 K.

Fig. 10. Magnetization curves for Sm1.8Er0.2Fe17 and Sm1.8Er0.2Fe17H4.4 measured in pulsed magnetic fields at T = 2 K.

that the magnetization of the corresponding hydrides practically
does not change, due to the fact that Fe sublattice retains its mag
netization after hydrogenation [45–47].
Fig. 9 shows M(H) curves (with denoted values of the first critical
field μ0Hcr1) for the substituted compositions Sm1.2Er0.8Fe17 and
Sm1.2Er0.8Fe17H4.6 at T = 4.2 K. It can be seen that μ0Hcr1 = 43.5 and
41 T for the parent sample and its hydride, respectively. These values
are higher than those of Ho2Fe17 and its hydride. We also observe a
tendency towards an increase of μ0Hcr1 for similar compositions
with holmium, namely Sm1.2Ho0.8Fe17 and Sm1.2Ho0.8Fe17H4.4;
however, in the latter case, the increase is much larger. The values of
λ calculated using formula (2) are 1.6 ± 0.1 and 1.5 ± 0.1 T/μB for
Sm1.2Er0.8Fe17 and Sm1.2Er0.8Fe17H4.6, respectively.
We further noted that when the amount of Er substituted for Sm
is sufficiently low, e.g. in Sm1.8Er0.2Fe17, it is not possible to observe
the spin reorientation induced by strong magnetic fields not only in
the parent sample but also in the hydride Sm1.8Er0.2Fe17H4.4 with a
high hydrogen concentration (see Fig. 10).
To summarize, when studying the high-field properties of new
(Sm,R)2Fe17-H systems we have been able to detect a small decrease in
the intersublattice R-Fe exchange interaction as a result of hydro
genation (in comparison, for example, with (Nd,R)2Fe14B-H systems
with high hydrogen concentration [23,39,48]). Note that our research
was carried out on free powder samples. High-field studies of
(Sm,R)2Fe17-H on single-crystal samples could provide much more
information, including the crystal field parameters [49,50]. Accounting
for the magnetocrystalline anisotropy and use of megagauss magnetic
fields are also important for the compounds under study [48].

4. Conclusions
In this work, we performed a comprehensive comparative
study of the structural and magnetic properties of the four sys
tems, R2Fe17–H and (Sm,R)2Fe17-H with R = Ho and Er. While
R2Fe17Hy (3 ≤ y ≤ 3.2) (stable hydrides over time [51]) have the
Th2Ni17-type structure, the substituted systems with samarium
(Sm,R)2Fe17Hy (4 ≤ y ≤ 4.6) have the Th2Zn17 structure. The increase
in the unit cell volume as a result of hydrogenation exceeds 2% and
3%, respectively.
The average increase of the Curie temperature is ~ 30–35 K for
each hydrogen atom introduced into the crystal lattice of the
compounds under study. In Ho2Fe17-H, Er2Fe17-H and some com
pounds of the (Sm,R)2Fe17–H series we observed field-induced
spin-reorientation phase transitions and determined the values of
the first critical fields along with parameters of the intersublattice
exchange interaction (within the framework of the mean field
theory). Hydrogenation is found to decrease the critical field
μ0Hcr1, while the substitution of Sm for Ho and Er atoms on the
contrary increases it.
The intersublattice exchange interaction and the measure of it,
λ, decreases after hydrogenation. The substitution of Sm for heavy
Rs, leads to a significant increase in the saturation magnetization
of the compounds. The proposed new magnetic materials pos
sessing sufficiently high hydrogen capacity, can be used in various
fields of science and technology, e.g. as hydrogen-containing
permanent magnets or as hydrogen accumulators for hydrogen
technology.
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