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Abstract

Deuterides of ErNj, CeCa and CeNj intermetallic compounds are synthesized under deuterium pressures up to 2000 atm and studied by
X-ray powder diffraction under ambient conditions. The deuterides are shown to have the same structures of the metal lattice as the initial
alloys, the deuteration resulting only in the anisotropic lattice expansion. The deuterides g5EoNi weaker anisotropy in the lattice
expansion than the deuterides of Ce@ad CeNj. The formation of CeNDs at a pressure of about 2000 atm is accompanied by partial
amorphization of the sample. The deuteration induces preferred orientation of the powder particles of each alloy and this orientation is retained
after thermodesorption of the deuterium.
© 2005 Published by Elsevier B.V.
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1. Introduction atmosphere and then annealed in evacuated quartz ampoules
for 240 h. The IMC were loaded with deuterium at pressures
Intermetallic compounds RT(where R is the rare-earth up to 2000 atm using the apparatus describefR]n The
and T is the transitional element) are able to absorb con-obtained high-pressure deuterides were cooled to a liquid
siderable amounts of hydrogen that makes them promisingnitrogen temperature of 77 K and left at air about 40 min at
materials for hydrogen storage. Theoretical stitly has this temperature for transferring them into inert state. The
shown that the maximum hydrogen content of such hydrides deuterium content of the inert deuterides was determined
is 5-5.6 atoms per formula unit. Hydrogen atoms partly by thermodesorption. X-ray powder diffraction patterns of
occupy interstitial sites in the lattice of the Rtompound the deuterides and the starting IMC were measured with a
that leads to an increase in the metal volume. The occupancy‘Rigaku” and “Thermo ARL" diffractometer at room temper-
of the interstitial sites can be enhanced using high hydrogenature using monochromated CuKradiation. The data were
pressure. In the present work, the structure of the metal sub-analyzed using the Rietveld profile refinement technique.
lattice of RT3 deuterides synthesized under high deuterium
pressures is studied by X-ray diffraction.

3. Results and discussions
2. Experimental . . . .
The X-ray diffraction patterns of the studied IMC and their
deuterides are shown Figs. 1-3 The quality of the profile
refinement is illustrated by the difference spectra placed be-
low the corresponding diffraction patterns. The refined values
of the structure parameters are presentethinies 1 and 2
* Corresponding author. Tel.: +7 95 939 14 13; fax: +7 95 932 88 46. All starting IMC were single-phase, and the values of
E-mail address: lushnikov@hydride.chem.msu.ru (S.A. Lushnikov). their lattice parameters were in agreement with the results in

The initial intermetallic compounds (IMC) were melted
from pure components in an electrical furnace under argon
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Fig. 1. X-ray powder diffraction patterns of Ceg&oCeCgDso and Fig. 2. X-ray diffraction patterns of CepliCeNiDs 3 and CeNsDs;».
CeCaDg o monochromated Cu d radiation, room temperature.
Table 1
Results of the X-ray diffraction investigation of IMC and their deuterides at room temperature
Composition Structure type Lattice parameters AV/x (A3/atom H) Conditions of synthesis
a®) c(A) v (A%) AV/V (%) P (atm) T (K)

CeNig CeNig 4.964(2) 16.53(3) 353 - - - -
CeNiD33 CeNi 4.950(3) 21.79(3) 462 30.9 5.5 5 293
CeNigDs 2 CeNig 4.968(3) 22.69(3) 485 37.4 4.2 1990 293
CeCa PuNis 4.990(2) 24.94(3) 538 - - — -
CeCaDap PuNis 4.936(3) 32.45(3) 684 27.1 4.1 5 293
CeCaDsyo PuNis 4.980(1) 32.65(2) 701 30.3 3.0 1950 293
ErNis PuNis 4.943(2) 24.28(3) 514 - - - -
ErNizD40 PuNig 5.332(3) 26.92(2) 661 28.6 41 5 223
ErNisDs,o PuNis 5.344(2) 26.95(1) 667 29.8 3.4 1980 293

a8 AV = V(x) — V(0), wherex is the H-to-metal atomic ratio.



S.A. Lushnikov et al. / Journal of Alloys and Compounds 404—406 (2005) 103—106 105

71 Table 2
Results of a profile refinement of the crystal structures of the IMC and
deuterides listed iffable 1

116

ErNi, ) Composition Atom coordinates
Cexz) Nia(x,y,2)
CeNis 0.041(1) 0.833(1), 0.667(1), 0.127(2)
CeNigDs3 0.062(4) 0.829(2), 0.658(2), 0.144(7)
CeNigDs.» 0.059(5) 0.827(3), 0.654(3), 0.135(8)
003 006 306 220 Composition Atom coordinates
= F 104 i . 3 I '
R WAATIE 15 ULV AR N R TN . Cex(2) Cox(z) Cos(x,y.2)
CeCa 0.143(1)  0.333(2)  0.167(1);0.167(1), 0.417(2)
b CeCaDao 0.124(5)  0.333(6)  0.167(2);0.167(3), 0.403(5)
CeCaDsgo 0.125(6)  0.337(7)  0.167(2);0.167(2), 0.401(6)
0012 Composition Atom coordinates
ErNiD, | - Erz(z) Ni2(z) Niz(x,,2)
: ErNig 0.141(1)  0.330(2)  0.167(1);0.167(1), 0.416(2)
ErNizDa.o 0.138(3)  0.327(4)  0.167(2);0.167(2), 0.415(3)
ErNisDs,o 0.136(4)  0.329(7)  0.167(2);0.167(2), 0.415(5)

indicating a partial amorphization of the metal lattice. The
intensities of the diffraction peaks of Cefllis » are changed
in comparison with CeND3 3 and the lattice parameters of
CeNiDs 7 are slightly increased~g. 4).

According to[4], the formation of CeCgD4 is accom-
ENi D, { panied with an anisotropi?{c > Aa) lattice expansion. Hy-

i drogenation of some RG@ompound$6] led to an isotropic

expansion and small orthorhombic distortion of the metal
matrix. Our experiments revealed changes in the intensity of

116]

. o 0015 X-ray reflections from CeCq,40 caused by _the displace-
7 009! 108“0 lorr | ments of both Ce and Co atoms along thexis (Table 2.
boe 0l 217 306 220 The CeCgDg o deuteride synthesized under a higher pres-

F N N SO D sure had an expanded lattice of the initial Ce€ompound.
‘ - - In comparison with CeCGiD4, g, botha andc lattice param-
eters of CeCgDg o Were slightly increased and the peaks
intensities were changed.
The ErNgD4.0 and ErNgDs o deuterides showed a nearly
20 isotropic expansion of the lattice and smaller changes in the
intensity of the diffraction peaks mostly caused by the dis-
placements of Er atoms along tieaxis (Table 2. This in-
dicates that under a high deuterium pressure, #Dhp is

dformed from ErNgD4 g as a more concentrated solid solu-
ti
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Fig. 3. X-ray diffraction patterns of Eriyi ErN3D40 and ErNsDs .

literature[3]. The lattice parameters of the deuterides varied
depending on the deuterium concentration that increase
with increasing pressure of synthesis.

According to[4,5], the metal lattice of CeND33 is
anisotropically expanded along teaxis. The formation of I, _—
CeNiD, g is accompanied with an orthorhombic distortion ~ >*
of the lattice that lowers its symmetry to tRewc (62) space
group[5]. Deuterium atoms are located within Riinits of
the metal matrix. 1000

The X-ray pattern of our CeND3 3 sample can be indexed
on the basis of a hexagonal CgNype structure with an
increased parameter. A comparison of the X-ray patterns of
CeNiD3 3and CeNg shows differences in the intensity of the
peaks due to the rearrangement of atoms in the metal matrix

(Table 2. In the X-ray pattern of the CepDs, deuteride Fig. 4. The X-ray diffraction pattern of a textured CeGmmple obtained
with a higher deuterium concentratidfig. 2), thereisahalo by thermodesorption of CeGD4.0.
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The thermodesorption of deuterium brought all high- The intensity of (0 @) diffraction peaks drastically in-
pressure deuterides except Ce¢D§» back into the initial creases in the X-ray patterns of powder IMC samples formed
IMC, while the outgassed sample of CgNi > remained after thermodesorption of the high-pressure deuterides. The
partly “amorphous” (fine-crystalline). The powder samples effect can be attributed to the anisotropic lattice expansion
of IMC produced by thermodesorption of the deuterides were and weakening of bonds between the slabs of metal atoms
composed of flat particles that had a strong texture and couldalong theZ axis. The texture significantly distorts the diffrac-
be oriented by magnetic field. Peaks of the () &ype had tion spectra and this fact should be taken into account when
maximum intensities in the X-ray patterns of these powders. the structures of IMC—kIphases are analyzed.

4. Conclusions Acknowledgment
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