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Abstract

We have investigated the hydrogenation and dehydrogenation properties of bingrfRRN, Pr, Nd, Sm, Gd, Tb and Dy) intermetallic
compounds in the pressure range of 0.1-35 MPa and temperature range of 223-298 K. Pressure—composition isotherms demonstrated that &
the atomic number of R increased in RNH systems, the single pressure plateau (kabjilit into two plateaux (PrNi NdNis, SmNi and
GdNis), and then into three plateaux (TeNind DyNi), indicating the presence of two hydridgss @ndy, phases) and then three hydrides
(B3, y3 and sz phases). Thgs—y; andys—53 phase transitions in the ThiNiH system corresponded, respectively, todaes, and B—y»
transitions in the RNiH (R: Pr, Nd, Sm and Gd) systems having two plateaux.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction the largest hydrogen storage capacity for CaGpe com-
pounds.

Several types of intermetallic compounds have been The plateau pressur®y) of rare earth (R)-based Cagu
proposed as hydrogen storage materials. The pressuretype compounds is logarithmically related to the unit cell
composition P—C) isotherm is an important property in volume (V) of the compounds (I, oc V) [3]. The V of
intermetallic compound—hydrogen systefhg Some inter- RNis compounds decreases with increasing atomic number
metallic compounds can absorb hydrogen with a pressureof R due to the lanthanide contraction, suggesting an increase
plateau corresponding to the phase transition between solidin plateau pressure. However, theAnoc V relation is only
solution and hydride. valid for elements between La and Gd in BNH systems.

For a hydrogen supply medium, a reversible hydrogen In our previous report§4—6], we evaluated theP—C
storage capacity above 0.1 MPa is necessary for intermetal-isotherms in RNj—H systems (R: La, Pr, Nd, Sm, Gd, Tb
lic compounds. An increase in hydrogen pressure improvesand Dy) and found linear correlation betweerFnandV in
the capacity because it induces a new phase transition. Atthese systems. Only portions of plateaux on dehydrogenation
approximately 150 MPa, Lakner et al. found the third phase confirm to the regularity, the relations between plateaux on
transition between LaG#lg and LaCgHg [2], which shows hydrogenation and dehydrogenation remain uncertain, espe-

cially for hydrogenation in the Th§+H system. In this study,
we investigated the plateaux in the TlNH system and
* Corresponding author. Tel.: +81 72 751 9653; fax: +81 72 751 9629.  compared the phase transitions in this system with the other
E-mail address: h.senoh@aist.go.jp (H. Senoh). RNis—H systems.
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2. Experimental details the pressure of first plateau corresponding to HENI2.5
increases; (2) the second plateau tends to disappear; (3) the
Processes for preparation of binary BNitermetallic flat, first plateau splits and gives rise to a new plateau at
compounds (R: La, Pr,Nd, Sm, Gd, Tb and Dy) by arc melting low hydrogen content. On hydrogenation the pressure of
have been described previougly-6]. Prior to measurement  first plateau in TbNj—H system is highest in the RiNiH
of the P—C isotherms, the sample ingots were crushed and systems, and the hysteresis at the level of HRNi2.5
sieved to obtain particles of {Bm under Ar atmosphere, in the TbNs—H system is largest in this series. Tike-C
and activated several times by cooling to 196 K undgrH isotherm in this system shows two plateaux upon hydro-
35 MPa until the amounts of absorbed and desorbed hydro-genation (TbN§Hp 533 and TbNEH36-4.2) in contrast to
gen stopped changing. We measured Fh& isotherms in three plateaux on dehydrogenation. These results differ from
RNis—H systems in the pressure range of 0.1-35 MPa andthose in other RNi-H systems exhibiting two well-separated
temperature range of 223-298 K at least twice using differ- plateaux.
entsample batches to confirm reproducibility of the isotherm.  On hydrogenation and dehydrogenation, a parfiat”
isotherm in the ThNj—H system was obtaine#ig. 2shows
this isotherm together with the origin®-C isotherm taken
3. Results and Discussion from Fig. 1for comparison. The partid—C isotherm starts
at the point H/TbN§ = 3.5 on the hydrogenation branch of
Fig. 1shows the pressure—compositidh-() isotherms the original P—C isotherm. With decreasing hydrogen pres-
in lanthanide (R) series for RiH systems. One reversible ~ sure, the hydrogen content nearly does not decrease until
pressure p|ateau between LgNiolid solution @l phage) the original dehydrogenation isothermis reached, suggesting
and LaNiHg hydride (81 phase) splits into two plateaux thatareversible phase transition exists above H/EBNB.5
with increasing atomic number of R, indicating the presence (i-€., the second plateau on hydrogenation corresponds to
of two hydrides having compositions of Ri#lz—4 and the third plateau on dehydrogenation in the origi®alC
RNisHe—7 (B2 andy» phases) together with one solid solu- isotherm). As the hydrogen pressure starts increasing after
tion (o2 phase)4,5]. The first pressure plateau corresponds the decrease below the second plateau on dehydrogena-
to theas—B» phase transition and the second plateau to the tion, the hydrogen content H/Thj# 1.3 remains nearly
Bo—y» transition. Although the second plateau in S unchanged. Subsequently, a dramatic increase in hydrogen
and GdNi—H systems are scarcely distinct at 298 K, these content occurs above 2.0 MPa, revealing another plateau.
systems at 223K possess the hydrogenation propertiesthis novel plateau on hydrogenation occurs at all temper-
qualitatively similar to those of the PrijiH and NdNg—H atures in the large hysteresis region of the origifaiC
systems. Partial measurements B%C isotherms indicate  isotherm. Eventually, the parti&-C isotherm returns to the
that both ao—8, and Bo—y» transitions allow reversible  starting point on the hydrogenation branch of the original
changes in the hydrogen content with small hysteresis isotherm.
between hydrogenation and dehydrogenation branches. These P—C isotherms demonstrate that the TBN
On going from Gd to Dy in the RNi-H systems, three ~ System contains three phase transition steps among one
specific dehydrogenation properties can be sgén (1) hydrogen solid solutionz) and three types of hydridgg,
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Fig. 1. Pressure—composition isotherms on hydrogenation (empty symbols) and dehydrogenation (filled symbojsHr{RNLa, Pr, Nd, Sm, Gd, Tb and
Dy) systems at 298K (a) and 223K (b).
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Fig. 2. Partial pressure—composition isotherm on dehydrogenation (filled Fig. 3. Plateau pressures at 223K on hydrogenation (empty symbols) and
symbols) and hydrogenation (empty symbols) in T&MH system at 223 K dehydrogenation (filled symbols) in RNiH (R: Pr, Nd, Sm, Gd, Tb and

together with theP—C isotherm (original) shown ifig. 1(b) Dy) systems as a function of unit cell volume of RNiompounds.

y3 andés). A schematic representation of phase transitions o ———TTT

on the P—C isotherm is shown ifrig. 2 On hydrogenation,

two plateaux corresponding to the—ys and y3—43 phase -5 -

transitions appear, while three plateaux on dehydrogenation

corresponding to théz—ys, y3—B3 and 83—a3 phase transi- Il o —
tions also exist. Th@s—y3 phase transition does not appear g A®”

on the originalP—C isotherm unless the hydrogen pressure 3 [~ vﬁa'%y_ﬁ -
increases starting from th®-T region of theB3 phase I ol B, /3 3_
formed previously on dehydrogenation. Thg—y3 phase “é A

transition on hydrogenation due to overlap of thg-f83 S sk i
and B3—y3 transitions in this system is similar to that in the E 0B a,B, By-oy
LaNis—H system, in which the;1—81 transition practically 3ok ' o Bra, / _
contains thex;—p; and ;-1 transitions g: intermediate B0, ®

phase) at room temperatuf@,8]. Despite the complex -35 N S N [ [ N [ E— —

La Pr Nd Sm Gd Tb Dy

phase transitions on hydrogenation and dehydrogenation, X )
R Element in RNi-H Systems

the P—C isotherm in the TbNj~H system is reversible.

AnaloQous phase transitions are also observed in Byl Fig. 4. Enthalpies of phase transitions on hydrogenation (empty symbols)

system[9]. and dehydrogenation (filled symbols) in RNH (R: La, Pr, Nd, Sm, Gd,
The enthalpy A H) and entropy AS) corresponding to  Tb and Dy) systems.

the phase transitions are evaluated from van’'t Hoff plots of

each plateau pressure and summarizethinle 1 The AH in other RN5—H systemd4—6,9], the plateau pressures at

value to theys—B3 transition on dehydrogenation is consis- 223K determined on both hydrogenation and dehydrogena-

tent with that estimated by extrapolation of the values in the tion are summarized ifrig. 3 and theA H values inFig.

TbNis_ Al ,—H (x = 0.5, 1.0) system$10] tox =0. For com- 4. As seen fronFig. 3, the points of thess—83 and S>—o)

parison of phase transitions in the TlgNH systemwiththose  transitions form an approximately linear dependence and the

Table 1

Enthalpy (A H) and entropy AS) corresponding to phase transitions on hydrogenation and dehydrogenation i-Htsystem

Composition Phase transition AH (kJmol?) AS (Imor1K-1)

TbNis Hydrogenation az—ys3 —-128+0.2 —-9184+0.9 This study
B33 -165+0.2 —-1023+0.9 This study

Dehydrogenation B3—u3 —312+0.6 —-1416+2.4 This study

ya—B3 —207+0.1 —1150+ 0.4 This study

TbNiss5Alg52 Dehydrogenation —-27.3 —-1124 Ref.[10]

TbNisAl2 Dehydrogenation —-339 113.4 Ref[10]

2 The data were estimated at fixed hydrogen content (H/ZbMl, = 1.5).
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