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THERMAL DESORPTION BEHAVIOR OF HOLMIUM AND ERBIUM HYDRIDE POWDERS
UNDER VACUUM HEATING

The study investigates the thermal desorption behavior of holmium and erbium hydride
powders during heating under vacuum to determine well-founded temperature—time
parameters for the subsequent synthesis of lanthanide beryllides. The relevance of this study is
determined by the need to account for gas evolution from hydride-containing powder mixtures
during vacuum thermal treatment, since hydrogen desorption can significantly affect powder
densification, vacuum stability, and phase formation conditions.

Before the thermal desorption (TDS) experiments, the initial powders of beryllium, holmium
hydride, and erbium hydride were characterized, including analysis of particle size distribution,
particle morphology, and phase composition. TDS studies were carried out under vacuum
conditions with linear heating from room temperature to 1173 K at a rate of 10 K/min. Itis shown
that heating of holmium and erbium hydride powders results in a multistage character with a
dominant high-temperature peak.

The obtained results make it possible to determine the temperature ranges of the most
intense gas evolution and can be used to justify vacuum heating regimes during the preparation
and implementation of experiments on the synthesis of lanthanide beryllides from powder
mixtures based on beryllium and rare-earth metals.

Keywords: rare-earth metals, metal hydrides, thermal desorption spectroscopy (TDS),
powder materials, vacuum heating, hydrogen desorption.
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Bakyym xaFaaibiHAa Kbi3Ablpy KesiHae ronbMuii MeH 3pbuit ruapuaj yHTaKTapbIHbIH,
TepMoaecopbUUANbIK cMnaTTamanapsi

By *KymbICTa BaKyymAa Kbl3ablpy KesiHAe ronbMuii saHe s3pbuin rmapuatepi YHTaKTapbiHbIH
Tepmogecopbumansik (TAC) cunaTTamanapbl 3epTTenin, naHTaHoUa OepunauaTepiH Kewidri
CUMHTe34ey YWiH HerizgenreH TemnepaTypa-yaKbIT NapameTpaepiH TaHaay MaKcaTbl KOWblaAabl.
3epTTeyAiH, 63eKTiNir BaKyyMAbIK-TEPMUANBIK Kbl34blpy OapbiCbiHAa TMAPWUA, Kypamabl YHTaK,
KocnanapblHaH ra3 6eniHyiH eckepy KaKeTTiniriMeH aHbiKTanadpl, ©MWTKeHi CyTeriHiH,
necopbumAckl KOCNaHbIH TbifbI34aNyblHa, BAKYYM PEXMMIHIH, TYPAKTbINbIFbIHA KaHe dasanapsblH,
TY3iNy WapTTapbliHa eneyni acep eTyi MyMKIH.
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TAC 3epTTeynepai xypriszep angpiHaa 6actanksl 6€punanin, ronbMuii TMAPUAI KaHe 3pbuni
rMAOpWAI  YHTaKTapblHa cunatTama Oepingi, ofaH rpaHyNoOMETPUANbIK KypambiH, Oenuek
MOPdOIOTUACHIH }KaHe dasanblk KyMiH Tanaay Kipai. TAC 3epTreyaep Bakyym XKafaanbiHaa 6enme
TemnepaTypacbiHaH 1173 K-re aeiin 10 K/MUH XblagamabiKNeH Kbi3Ablpy apKblabl sKyprisingi.
FONbMUIA KaHE 3pOUI rMApPUATEPi YHTAKTapPbIH Kbi3Ablpy KesiHae cyTeriHiH 6eniHyi »Kofapbl
TemnepaTypa amarbiHAa 6acbiM MaKCUMYyMbIMEH CMMNaTTaNaTblH KBNCcaTblabl CMNaT.

ANbIHFaH HOTWMXKENep KapKblHAbl ra3 6eniHyi 6aliKanaTblH TeMnepaTypasblK apaablKTapabl
aHbIKTayfa MYMKIHAIK bepesi oHe Bepuninii MeH CUpPeK »ep MeTanaapbl HeridiHaeri yHTaK,
KOCMnanapblHaH NaHTaHoua BepuannaTepiH cMHTe3aey OOMbIHLIA 3KCNePUMEHTTEPAI AalbiHAAY
YKOHE KYpPri3y KesiHae BakyyMAbIK Kbi3A4bIpy PEXMMAEPIH Herisaeyae KOALAaHbIIYbl MYMKIH.

TyliH ce3gep: cupek Kep MeTangapbl, MeTann rmapuatepi, Tepmoaecopbumanbik,
cnektpockonua (TAC), yHTaK maTepuanaap, BakyymablK Kbi3ablpy, cyTeri Aecopbumacel.
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Tepmogecop6UMOHHOE NoBeAeHWE NOPOLLKOB rTMAPUAO0B roNbMUA U 3pbus
Npu Harpese B BaKyyme

B paboTte wuccnegoBaHo TepmogecopbumoHHoe (TAC) nosedeHWe MOPOWKOB rMAPUAOB
ronoMma un 3pbua Npu Harpeee B BaKyyme C Leablo Bblbopa 0OOCHOBaHHbLIX TeMnepaTypHO-
BPEMeHHbIX NapameTpoB ANA NOCAeAyIoLWEero cMHTe3a 6epunanaoB NaHTaHOMA0B. AKTYabHOCTb
nccnenoBaHUa onpeaenseTcd HeobXoAMMOCTLIO y4eTa ra3oBblAENEHNA U3 TMAPUACOAEPHKALLMX
MOPOLLKOBbIX CMECel Npu BaKyyMHO-TEPMUYECKON 06paboTKe, MOCKObKY Aecopbums Boaopoaa
MOYKET OKa3blBaTb CyLWECTBEHHOE BAMAHME Ha YMNJOTHEHME CMeCH, CTabWuNbHOCTb BaKyyMHOIO
pexunma un ycnosua daszoobpasoBaHms.

MNepea nposeaeHvem TAC nccnen0BaHNN BbINOHEHA XapPaKTEPUCTMKA MCXOAHbIX MOPOLLKOB
bepunnna, rMaApuaoB ronbMmna 1 3pbusa, BKAOYAIOLLAA aHa M3 rPaHyIOMETPUYECKOTO COCTaBa,
Mmopdosormm Yactmy, U dasosoro coctosHus. TAC MccnefoBaHUA NPOBOAMANCL B YCNOBUAX
BaKyyma npv IMHEMHOM Harpese OT KOMHaTHOM TemnepaTypbl A0 1173 K co ckopocTbio 10 K/min.
MOKasaHo, 4YTO nNpW HarpesBe TMOPOWKOB TMAPWAOB TONbMMA U 3pbua  peanmsyetca
MHOTFOCTaZAMMHbIN XapaKTep C AOMUHUPYIOLWMM BbICOKOTEMMNEPATYPHbBIM MaKCUMYMOM.

[onyyeHHble  pe3ynbTaTbl  MNO3BOAAKT  OMNPefeNUTb  TemnepaTypHble  WMHTepBasbl
WMHTEHCMBHOIO ra3oBblaeNeHna M MoryT ObiTb MCNOAb30BaHbl 418 ODOCHOBAHWMA PEXMMOB
BAKYYMHOro Harpesa npu NOAroTOBKE U MPOBeAEHMM IKCMEPUMEHTOB MO CUHTE3Y Bepunnnaos
NAHTAHOWA0B M3 NOPOLLKOBbIX CMECe Ha OCHOBe BepuUNInA U peaKo3eMebHbIX MEeTaNN0B.

Kniouesble cnoBa: pefiKko3eMesbHble MeTabl, TMAPUALI METANN0B, TEPMOAECOPOLMOHHAA
cnektpockonua (TAC), NnopoLKoBble MaTepuanbl, BakyyMHbIl Harpes, Aecopbuma BoAOPOAaA.

1. Introduction

Rare-earth metals actively interact with
hydrogen to form stable hydride phases [1], which
determines their important role in materials science
and hydrogen energy technologies [2]. Rare-earth
metal hydrides are considered promising materials for
hydrogen storage [3—5], metal hydride battery anodes
[6], gas sensors [7], and other functional applications
[8]. For many rare-earth metals, hydrogenation is

characterized by the sequential formation of two main
hydride phases: the dihydride REH, and the
trihydride REH3, where RE represents a rare-earth
metal. For elements of the yttrium subgroup, the
transition from the dihydride to the trihydride is
accompanied by a structural rearrangement of the
crystal lattice [9-11].

The thermal stability and dehydrogenation
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behavior of rare-earth metal hydrides are of practical
interest, since hydrogen release during heating
directly affects phase transformations [11], the state
of the powder material, and the conditions under
which high-temperature processes occur. According
to the literature [12,13], thermal desorption of
hydrogen from rare-earth metal hydrides usually
proceeds in a stepwise manner and includes at least
two main stages corresponding to the sequential
transformations REH; — REH, and REH, — RE
[10]. For several systems, this is manifested as two
distinct maxima in the thermal desorption curves
during vacuum heating. This behavior has been
demonstrated both in early studies on rare-earth metal
hydrides [14,15] and in more recent investigations of
heavy rare-earth metal hydrides [10,16].

Thus, for hydrides of heavy rare-earth metals,
such as holmium and erbium, it has been shown that,
during linear heating under vacuum, hydrogen
desorption proceeds in two main stages: the low-
temperature region is associated with the
decomposition of the trihydride phase to the
dihydride, whereas the high-temperature region
corresponds to the further decomposition of the
dihydride to the metallic state [10,16]. The positions
of the desorption maxima depend on the nature of the
rare-earth element and the heating conditions [10]. At
the same time, most studies have focused either on
general aspects of the thermodynamics and kinetics
of RE-H systems [17-20] or on the investigation of
hydrides as individual materials [21,22], whereas
their behavior in the context of preparing starting
powders for the subsequent synthesis of intermetallic
compounds has been studied less.

In powder metallurgy technologies, this is of
fundamental importance. When rare-earth metal
hydrides are used as starting components for the

Materials and Methods

Starting Materials

Holmium and erbium hydride powders with a
declared purity of 99.5% were used as the starting
rare-earth components. The total content of metallic
impurities, including Tb, Dy, Tm, Y, Ca, Si, Fe, Al,
and C, did not exceed 0.2 wt.%. The holmium and
erbium hydride powders were used as received,
without additional purification or pretreatment.

The results of the particle size distribution,
particle morphology, and phase composition analyses
of the starting powders are presented and discussed in
Section 3.1.

Characterization methods

Particle size analysis was performed using an
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synthesis of lanthanide intermetallic compounds
[23,24], vacuum heating is accompanied not only by
heating and densification of the mixture, but also by
hydrogen release from the hydride component. This
process can have a noticeable effect on the packing
density of the powder mixture, the nature of contact
between powder particles, the stability of vacuum
conditions, and the conditions of phase formation.
Therefore, before carrying out experiments on the
synthesis of lanthanide beryllides, it is necessary to
determine the temperature ranges of the most intense
gas evolution and to assess the specific features of the
thermal desorption behavior of the starting hydride
powders.

The use of rare-earth metal hydrides as starting
components is motivated by the strong oxygen
affinity of rare-earth metals and their tendency to
oxidize rapidly in the metallic state, which makes
handling pure metal powders difficult. In this regard,
the hydride form is considered a more oxidation-
resistant alternative. At the same time, the presence
of hydrogen and its release during heating can affect
subsequent processes, including phase formation and
the selection of temperature—time parameters for heat
treatment. Therefore, in the present work, in addition
to thermal desorption studies, a preliminary
characterization of the starting holmium and erbium
hydride powders was performed, including analysis
of particle size distribution, particle morphology, and
phase state.

The aim of this work is to establish the specific
features of the thermal desorption behavior of
holmium and erbium hydride powders during vacuum
heating in order to select justified temperature—time
parameters for the subsequent synthesis of lanthanide
beryllides.

Analysette 22 NanoTec (Fritsch GmbH) laser particle
sizer.

The phase composition of the starting powders
was studied by X-ray diffraction (XRD) using a
Bruker D8 Advance Eco diffractometer. Phase
identification was performed using the ICDD PDF-2
database. The list of reference diffraction cards used
for phase identification is given in Table 1.

Microstructural characterization of the starting
powders was performed using a JEOL JSM-5610
scanning electron microscope (SEM). The analysis
was conducted in secondary electron (SE) mode to
examine the surface topography and in backscattered
electron (BSE) mode to obtain compositional
contrast.
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Table 1. ICDD PDF2-2021 material card numbers used for XRD analysis interpretation

Compound  ICDD PDF2 Pearson Symbol, Lattice Parameters
name Card Number Space Group
a=b=3.576,c=5.614
Hexagonal, —6=90°. v=120°
Ho 01-071-4991  hP2, P63/mme U e
(194) cr.lat. .
a=b=c=5.165,
Cubic cl12, a=p=y=90°
Holy 03-0605-7209 gy 3m (225) Vertar = 137.79
a=b=3.593, c=5.681
Hexagonal, —8=00°. v=120°
Er 03-065-7248  hP2, P63/mme P
(194) cr.lat. — .
a=b=c=5.129,
Cubic cl12, a=p=y=90°
ErH 00-060-0141 Fm-3m (225) Vippem. = 134.91
. a=b=c=10.548,
ErO;  00-008-0050 (izbs“’(;ég 0=B=y=90°
Vippew. = 117.57
TDS experiments Gas evolution from the rare-earth metal hydride

To investigate the thermal desorption behavior
of holmium and erbium hydride powders during
vacuum heating, an experimental setup with an
experimental device was used; a detailed description
of this setup is given in [25,26].

Samples of holmium and erbium hydride
powders weighing 231.85 mg and 165.82 mg,
respectively, were loaded into an Al,Os ceramic
crucible equipped with a port for a type-K
thermocouple, which enabled sample temperature
monitoring during the experiment.

Results and discussion

Particle size distribution of the starting
powders

The particle size distribution of the holmium
hydride powder is shown in Figure 1.

100

dQ3(x) in %

powders was monitored in real-time using an RGA-
100 quadrupole mass spectrometer (SRS).

Thermal desorption spectra were recorded
during linear heating of the samples from room
temperature to 1173 K at a heating rate of 10 K/min.
The experiments were carried out under high-vacuum
conditions; the initial pressure before the
measurements was 1-10 Torr and was maintained
using a turbomolecular pump.

The particle size ranges from 14 to 70 um. The
distribution is continuous and does not exhibit any
narrowly defined maxima. The average particle size
of the holmium hydride powder is 42.36 um.

0,1 1

10 100 1000

Size x in pm

Figure 1 — Particle size distribution of holmium hydride powder
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The particle size distribution of the erbium hydride powder is shown in Figure 2. In contrast to the
holmium hydride powder, the erbium hydride powder is characterized by a broader and more heterogeneous
distribution and is significantly finer. The particle size varies over a wide range from 0.1 to 28 um. Three size
regions can be distinguished in the particle size distribution curve: below 1 um, 1-5 pm, and 5-28 um. Overall,
the average particle size of the erbium hydride powder is 7.22 um.

100

90

80

70

60

S0

40

dQ3(x) in %

30

20

10

‘IUD ‘ o ;000
Size x in pm
Figure 2 — Particle size distribution of erbium hydride powder

Morphology of the starting powders holmium and erbium hydride powders is shown in
The particle morphology of the starting Figures 3 and 4.

< s’ #

=S

Figure 4 — SEM images of the starting erbium hydride powder at different magnifications
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Both powders consist predominantly of
irregularly shaped particles with angular outlines,
sharp edges, and flat fracture surfaces. Such
morphology is typical of brittle hydride materials. No
pronounced internal porosity is observed in the
investigated particles. At the same time, the SEM
images clearly reveal a difference in particle size: the
holmium hydride powder is represented by larger

particles, whereas the erbium hydride powder
contains finer fragments, which is consistent with the
results of the particle size analysis.

Phase composition of the starting powders

The results of the XRD analysis of the starting
holmium and erbium hydride powders are shown in
Figures 5 and 6.

| Ho powder
‘W PDF 03-065-7208 HoH2 Cubic Fm-3m (225)

600 @ PDF 01-071-4891 Ho Hexagonal P63/mmc (194)
w00
s00=
5 3
£ 1
ke 200—_
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3
o
@_ 4
[
o
Q
2Theta (Coupled TwoTheta/Theta) WL=1,54060
Figure 5— XRD patterns for the starting holmium hydride powder
1400; | Er powder
| ¥ PDF 00-060-0141 ErH2 Cubic Fm-3m {225)
— 4 PDF 00-008-0050 Er203 Cubic |a-3 (206)
700
| o_
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1 |#-
300 |o
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200~ 3
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1004 ! Af‘/ - h D‘
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Figure 6 — XRD patterns for the starting erbium hydride powder
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The XRD pattern of the holmium hydride
powder (see Figure 5) is characterized by the
predominance of reflections corresponding to the
cubic HoH, phase. Reflections of metallic holmium
are either absent or have extremely low intensity,
indicating that the rare-earth component is
predominantly present in the hydride form.

The XRD pattern of the erbium hydride powder
(see Figure 6) is characterized by the presence of two
phases: erbium hydride ErH, with a cubic Fm-3m
structure and erbium oxide Er,O; with a cubic [a-3
structure.
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Thermal desorption behavior of holmium and
erbium hydride powders upon vacuum heating

The overall evolution of the sample temperature
and the partial pressures of gaseous components
during the TDS experiments with holmium and
erbium hydride powders, as well as for the empty
alumina crucible, is shown in Figure 7. It can be seen
that gas evolution from both investigated powders is
qualitatively similar, has a multistage character, and
differs markedly from the background signal of the
empty crucible.
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Figure 7- Time dependences of the partial pressures of gaseous species in the volume
of the experimental device during the TDS experiment

Figure 8 presents a diagram of the contributions
of gaseous products during linear heating of the
investigated holmium and erbium hydride samples,
allowing a clearer comparison of the role of
individual components in the total gas evolution from
the samples. In both cases, hydrogen-containing
components account for a major part of the gas
release. For the holmium hydride powder, the
contribution of molecular hydrogen is 89.63%, while
that of the accompanying signal at m/z = 3 is 6.66%,
together accounting for 96.29% of the total gas
evolution. For the erbium hydride powder, the
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corresponding values are 86.63% and 5.75%,
respectively, and the total contribution of these two
components is 92.38%. Among the impurity
components, water vapor is the most significant,
amounting to 2.38% for the holmium hydride powder
and 6.07% for the erbium hydride powder,
respectively. The contributions of CO and CO, are
0.75% and 0.61%, respectively; O, 0.17% and
0.24%; carbon-containing components, 0.04% for
both powders; and other products, 0.37% and 0.67%,
respectively. Thus, hydrogen determines the overall
pattern of thermal desorption for both investigated
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powders, whereas the other gases make only minor
contributions.

It should be noted that the nature of the signal at
m/z =3, whose temperature dependence qualitatively
follows the main stages of m/z = 2 (molecular
hydrogen H>") release, cannot be clearly established
based solely on the RGA-100 mass spectrometer data.
Its appearance is likely associated with the overlap of
several contributions. On the one hand, under
conditions of intense H," evolution and an increase in
pressure in the volume of the experimental device to
approximately 10%-2-10* Torr, Hs" ions may be
formed and detected in the ion source of the mass
spectrometer as a result of ion—molecule processes
involving H,. On the other hand, contribution from
HD" ions cannot be excluded, since TDS experiments
with deuterium-purged samples had previously been
performed in the same vacuum chamber [25,26]. In
this case, the m/z = 3 signal may be attributed to

1NN

H,*/HD":
6,66%

other components:

H,0":
0,37%

2,38%
carbon-containing components:
0,04%

X

0,17%

CO" and CO,":
0,75%

a) Ho sample

residual deuterium retained in the vacuum system, its
desorption from chamber components, and
subsequent isotopic exchange with hydrogen released
from the investigated hydrides. Additional
contributions may also arise from hydrogen-
containing impurity fragments associated with the
production and storage conditions of the powders.
Therefore, in the present work, the m/z = 3 signal is
not considered an independent indicator of a separate
phase or dehydrogenation stage, but rather as an
accompanying hydrogen-containing signal reflecting
the combined contribution of Hs*, HD", and possible
impurity components. The observed change in the
ratio of the m/z = 2 and m/z = 3 signals in the high-
temperature region above 900 K is apparently related
to the combined effect of the increasing H, from the
hydride phase and the activation of high-temperature
desorption/isotopic exchange of residual deuterium in
the components of the vacuum system.

o

H,*/HD":
5,75%

other components:
0,67%

H,0™:
6,07%
carbon-containing components:
0,04%

p"
0,24%
CO" and CO,":
0,61%

b) Er sample

Figure 8— Contribution of gaseous components to the total gas evolution during linear heating of the
investigated samples

It should be noted that, despite the overall
dominance of H,", the distribution of impurity
components differs somewhat between the holmium
and erbium hydride powders. In particular, the erbium
hydride powder exhibits a higher contribution of
water vapor compared with the holmium hydride
powder. This may be related to the previously
established difference in the dispersity of the starting
powders: erbium hydride is a significantly finer
material and therefore has a more developed surface
capable of retaining a larger amount of adsorbed
species.

The temperature dependences of the total
pressure in the volume of the experimental device
containing the investigated sample during linear
heating under vacuum at a rate of 10 K/min are shown
in Figure 9.

The main parameters for the gas release of
hydrogen-containing components are summarized in
Table 2.

10°

10% 4

10-5 .

Pressure, Torr

107 T ‘ T T ‘ T T T
300 400 500 600 700 800 900 1000 1100 1200
Temperature, K
—#i— Holmium hydride
—e— Erbium hydride
—v— Empty crucible

Figure 9 — Temperature dependences of the total
pressure in the volume of the ampoule device
containing the investigated sample during linear
heating under vacuum at a rate of 10 K/min.

47



Thermal desorption behavior of holmium and erbium hydride powders under vacuum heating

Table 2. Parameters of hydrogen-containing component release

Sample Temperature Amount of Number of
Sample Component Peak range and peak
mass, mg . released gas, mol released atoms
maximum, K
onset 625
1 Peak  peak 670 6.14E-06 3.70E+18
end 710
onset 710
m/iz=72 2 Peak  peak 755 4.92E-06 2.96E+18
end 795
onset 795
3 Peak peak 1085 3.41E-04 2.05E+20
end 1158
Ho 231.85 onset 625
1 Peak peak 670 1.03E-08 6.19E+15
end 710
onset 710
m/z=73 2 Peak  peak 755 6.95E-09 4.19E+15
end 795
onset 795
3 Peak peak 1085 2.43E-05 1.46E+19
end 1158
onset 560
1 Peak  peak 685 2.77E-05 1.67E+19
end 820
onset
m/iz=72 2 Peak peak no - -
end
onset 815
3 Peak peak 1110 3.06E-04 1.84E+20
end 1165
Er 165.82 onset 590
1 Peak  peak 685 9.57E-08 5.76E+16
end 820
onset
m/z=73 2 Peak peak no - -
end
onset 815
3 Peak peak 1110 2.05E-05 1.24E+19
end 1165

Analysis of the temperature dependences of the
partial pressures shows that gas evolution from the
HoHx and ErHx powders has a multistage character.
In the initial heating region, approximately 380—600
K, the main contribution to the gas phase is made by
water vapor and oxygen-containing components. This
region is most likely associated with the removal of
physically adsorbed moisture, degassing of the
particle surfaces, and the release of weakly bound
surface compounds.

In the medium-temperature region of 650—
820 K, the contribution of hydrogen-containing
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components increases. For the HoHx powder, two
partially separated maxima are observed in this region
at 670 and 755 K, whereas for the ErHx powder, one
broader maximum is recorded at 685 K. This
difference may be related to differences in the initial
phase state, powder dispersity, and the degree of
overlap between individual dehydrogenation stages.
The most intense hydrogen release for both
powders is observed in the high-temperature region
above 800 K. The main maxima of the m/z = 2 signal
are located at 1085 K for HoHx and 1110 K for ErH,.
This stage accounts for the major part of H," gas
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evolution and correlates well with the increase in the
total pressure in the chamber volume shown in
Figure 9. This maximum can be associated with the
decomposition of the most stable hydride component,
which is consistent with literature data on the thermal
desorption of heavy rare-earth metal hydrides. For the
interpretation of the observed multistage behavior, it
is essential to consider the difference between the
present work and study [10]. In [10], the objects of
investigation were rare-earth metal dihydrides and
trihydrides  preliminarily —hydrogenated under
controlled conditions, and TDS measurements were
conducted for these materials at several heating rates.
In the present work, the starting holmium and erbium
hydride powders were investigated as received,
without additional purification or pretreatment.

The obtained results should be discussed
considering the phase behavior of the Ho-H [18] and
Er-H [19] systems. According to the literature data,
both systems are characterized by the existence of
several hydride states depending on hydrogen content
and temperature. For the Ho-H system, the possible
existence of a solid-solution region, as well as states
close to the dihydride and trihydride regions, has been
established [18]. For the Er-H system, complex phase
behavior and the presence of several homogeneity
regions depending on hydrogen content and
thermodynamic conditions have also been reported
[19]. Hy" is released into the gas phase, whereas
sequential transformations from more hydrogen-rich
to less hydrogen-rich states occur in the solid phase.
From this viewpoint, the medium-temperature region
can be qualitatively associated with the transition
from more hydrogen-rich hydride states to less
hydrogen-rich ones, while the high-temperature
maximum can be attributed to the decomposition of
the most stable hydride component. This
interpretation is also consistent with the XRD results
for the starting powders, in which the HoH» and ErH»

Conclusion

The thermal desorption behavior of the starting
holmium and erbium hydride powders during linear
heating under vacuum was investigated. It was
established that gas release from both powders has a
multistage character, with hydrogen-containing
components making the main contribution to the total
gas evolution. The most intense hydrogen release
from the holmium and erbium hydride powders
occurs in the high-temperature region, with maxima
at 1085 K and 1110 K, respectively, whereas the low-
and medium-temperature stages are associated with
the removal of surface-bound impurities and the onset
of dehydrogenation of more hydrogen-rich states. The
observed differences in gas evolution behavior

hydride phases dominate, with minor oxide phases
present.

The obtained results are generally consistent
with literature data on the thermal desorption of
heavy rare-earth metal hydrides. In [10], two main
hydrogen desorption stages were identified for Ho
and Er hydrides: a low-temperature stage associated
with the transition from a more hydrogen-rich state to
a less hydrogen-rich one, and a high-temperature
stage corresponding to the further decomposition of
the hydride phase. The high-temperature peaks for
Ho- and Er-containing systems were reported to occur
in the range of 1083—-1159 K. The temperatures of the
main high-temperature maxima obtained in the
present work, approximately 1085 K for holmium
hydride and approximately 1110 K for erbium
hydride, are in good agreement with this temperature
range. At the same time, the low- and medium-
temperature parts of the desorption curves in the
present work have a more complex shape than those
reported in [10], which is apparently related to
differences in the initial state of the investigated
materials: particularly, prepared rare-earth metal
dihydride and trihydride powders were studied in
[10], whereas the present work deals with starting
hydride powders.

A comparison with [16], in which thermal
desorption of erbium hydride was considered taking
into account phase-structural transformations, is also
of interest. That study showed that decomposition of
the hydride phase is accompanied by sequential
dehydrogenation stages and may be established in a
complex shape of the desorption curves. In the
present work, the m/z = 3 signal is not considered an
independent  basis  for interpreting  phase
transformations; however, its presence provides
additional support for the multistage character of
hydrogen gas evolution.

between the investigated powders are consistent with
differences in their dispersity and initial phase state.

The obtained results provide an experimental
basis for the further selection of vacuum heating
regimes for the synthesis of lanthanide beryllides and
make it possible to take into account the influence of
the hydride component on the gas dynamics of the
process, phase formation conditions, and billets
preparation.
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