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Hydrogenation process of GdsNi
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Reaction of intermetallic GNi with hydrogen and transformation of the crystal structupedding
on hydrogen concentration is investigated. It is shown thaiiGzklongs to the group of intermetallic
compounds which are thermodynamically unstable during hydrogenationnaiedgo a decomposition
into the rare earth hydride and the transition metal. Nickgs@aole of the catalyst in the reaction and
supports the formation of Gdtt low temperatures.
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1. Introduction

It is well known that many rare earth intermetadi@nmpounds absorb large amounts
of hydrogen. The incorporation of hydrogen into ¢hestal lattice usually gives rise to
an increase of the unit cell volume. Besides, a eh#mansfer between the hydrogen
atom and other atoms in the lattice is possible. Camtion of such factors results in
drastic changes of the physical properties of thedygirated intermetallic compounds.
Thus, for example, cases are known where a diamagoatbs a ferromagnet or an
electronic conductor turns into an insulator [1]. Akse features make the study of
hydride phases very interesting and prospective.

The outcome of the reaction of intermetallic compoumitls hydrogen is not always
predictable. Usual is the situation when the hydrides lihe same crystal structure as
the parent intermetallic compounds. On the other hamlimerous cases the hydrides
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become amorphous or form new crystal structures. Decdtioposf the parent inter-
metallic compound to components of completely diffestaichiometries has also been
reported [2, 3].

Compounds of the /1 stoichiometry, where R is a rare earth atom anis Wi or
Co, are able to absorb up to about 9 hydrogen atoms pauléotmit [4]. It was sug-
gested that the hydrogenation under low pressures (kKR&0and at low tempe-
ratures (243-253 K) could lead to the synthesis of gNiHR compounds which pre-
serve the crystal structure of the initial interm&tatompound [5, 6]. Our recent
investigations show, however, that the previous otednsiyntheses and the analysis of
the X-ray patterns have not been accurate enough lzaréfdre, more precise meas-
urements and analysis should be undertaken.

The purpose of the present work was to investigateethetion of the intermetallic
compound GgNi with hydrogen and to obtain accurate informationtioe transforma-
tion of the crystal structure in function of the amooindbsorbed hydrogen.

2. Experimental

The parent GgNi compound was obtained by high-frequency melting ef ¢an-
stituent metals in a purified argon atmosphere undepthssure of 1.5 atm followed
by cooling at the rate of ~1-2 K/sec. The purities afatjpium and nickel were 99.9
and 99.99%, respectively. Hydrogen used for the syntheassobtained by thermal
decomposition of a Lalhydrogen storage.

The hydrogenation was performed at room temperaturer intbw hydrogen pres-
sure. Before hydrogenation, all Bl samples were powdered and heated under
vacuum at 695 K for 2 h. Hydrogen was let into the waykiolume at room tempera-
ture in small portionsp(~ 1-4 kPa) in order to avoid a violent reaction betwie
powdered sample and the gas. After the whole amoumgdsbgen had been absorbed,
the samples were homogenized at room temperaturdéart 0 h. The concentration
of the absorbed hydrogen was calculated volumetric8ifyne hydride samples were
synthesized at low temperature; X-ray diffraction grai$ of these samples were similar
to the patterns of samples synthesized at room tetoperd he former patterns, how-
ever, exhibited significant distortions typical oftifficiently annealed compounds.

The X-ray measurements were carried out using a DRON#ractthmeter with
a cobalt radiation source. An additional verificatiohthe elemental composition of
each sample was performed using the EDAX 9800 and PhHip5$5 sets.
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3. Results and discussion

The X-ray diffraction pattern of the parent powderaN& sample is shown in Fig.
la. It is a single phase sample crystallizing in d@noohombic FeC-type structure (the
Pnmaspace group) with the lattice parametars 0.694 nmb = 0.969 nm and =
0.635 nm.

Using the step-by-step hydrogenation procedure, we @dtaimmumber of hydride
samples with various compositions @gH,, where 0< x < 8.8. The X-ray diffraction
patterns of some of the hydrides obtained are showkigs. 1b—f. One can see that
insertion of a small amount of hydrogen (Fig. 1b) setmddiminishing of the intensities
of the lines corresponding to the 8liland to appearance of a few new peaks, their
intensities increasing with the hydrogen conceitinatWhen, on average, four hydro-
gen atoms per formula unit are absorbed by the samfeinitial X-ray pattern of
orthorhombic structure totally disappears from the @iffogram and only the lines
characteristic of a cubic crystal lattice structureaienfsee Fig. 1c). When the hydro-
genation process is continued and a larger amounydrbgen is absorbed, another
crystallographic transformation takes place and arfew peaks appear in addition to
the peaks of the cubic diffraction pattern (Fig. 1d)eill intensities increase with in-
creasing hydrogen concentration while intensitiesthe peaks belonging to cubic
structure weaken (see Figs. 1e—f).
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Let us focus on some X-ray diffraction patterns obthiférst, the cubic structure,
shown in Fig. 1c, has a lattice parameter 0.530 nm, what is in exact agreement with
the value expecteof the dihydride GdH[7]. Secondly, the pattern structure shown in
Fig. 1f can describe a two-phase equilibrium region. & laee ~70% of the hexagonal
phase, with the lattice parametars 0.646 nm and = 0.671 nm, corresponding to GdH
[7], and ~25% of cubic Gdh;sdihydride phase with the lattice parameteanging between
ca. 0.530 and ca. 0.550 nm. To support our analyssretical diagrams for both GgH
and GdH phases are presented in Figs. 1g, h, respectively.

X-ray diffraction patterns of (GNi)H, compounds with $ x <7 (Figs. 1d—e) con-
tain a few peaks which belong to neither parent compQggdi nor to GdH (x = 2, 3)
hydrides. A few diffraction peaks belonging to thistérmediate” phase are marked
with arrows in Fig. 1le. The low intensity of the paddes not allow us to identify the
phase and we could only speculate that it might beid solution of hydrogen in
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Gda&Ni or in any of Gd—Ni alloys which possibly could berfead in the process of the
decomposition of the parent compound.

Another interesting finding is that the X-ray diffition patterns do not contain any
traces of the diffraction lines corresponding tostajline nickel nor to any known
crystalline alloys of nickel with gadolinium. At treame time, the elemental analysis
showed that nickel is distributed uniformly with neibie precipitation. These facts
incline us to suppose that nickel transforms to a diggephase not detectable in the
reported X-ray experiments.

For the sake of completeness, an X-ray diffractiomepa of a sample synthesized
atT = 220 K with the maximal hydrogen concentration 8.8, is presented in Fig. 2.
One can find that at least three phases, £5@dH; and an unidentified “intermediate”
phase, are present in this case. As was alreadyamedfithe X-ray pattern exhibits
significant distortions typical of insufficiently aealed or partially amorphous com-
pounds.

x=8.8

Intensity, arb.units
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Fig. 2. X-ray diffraction pattern of a (@di)Hss sample
with the highest available hydrogen concentration per formula unit
obtained by hydrogenation at low temperaflire 220 K
without homogenization at room temperature

Summarizing the results described above, we concludeGthli belongs to the
group of intermetallic compounds which are thermodynaltyi unstable in the hydro-
genation process undergoing the decomposition intpuhe rare earth hydride phases
with precipitation of the transition metal (Ni) asliapersed phase:

Gd;Ni +xH O Tt - GdH, +Gd;Ni (traces)+ Ni (disperseghase)
0 ¥78f - GdH, + GdH, + Ni (dispersedhase)

Considering the observed reaction kinetics, ibigans that metallic nickel plays the role
of a catalyst in the formation of Gdldt low temperatures, since usually this hydridelm
synthesized only at the temperature higher tham temperature [8, 9].
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4. Conclusion

On the basis of the results presented we can stdtié thampossible to synthesize
the GdNi hydride in a standard reaction procedure betweeaeaye hydrogen and
GdaNi. Unfortunately, our previous conclusion concerning thystal structure of hy-
dride samples [5, 6] was based on incorrect interpoetadf the X-ray diffraction
patterns for (GgNi)Hg s hydride obtained at low temperature.
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