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Abstract

Titanium- and zirconium-based multicomponent Laves phases deriving from binary @ihMinZrMr, compounds are one of perspective
groups of hydrogen-absorbing alloys for use in various hydrogen storage and energy conversion devices. Extensive systematic study ¢
hydrogen sorption properties of nonstoichiometric alloys of Ti(Zr)-Mn-V system was performed in this work. Results of X-ray, neutron
diffraction and PC-isotherm investigations are presented. Some useful regularities were found, which can be useful in prediction of hydroger
sorption properties of ternary alloys.
© 2005 Published by Elsevier B.V.
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1. Introduction elementary cell. Atoms occupy following positions:

Intermetallic compounds of ABtype were firstdescribed 4\ in 4(}()}7 2 & 22ntin2(a)0. 0, 0;
by Friauf [1]. Later Laves[2] showed that these struc- 33

tures can exist only at particular ratio of component radii ) 1

(ra/rg = 1.225). From that moment on three types of AB 6Z1in 6(h)x, 2x, 2

compounds (MgZs MgCu, and MgNb) were named after

him. One of the main regularities of their formation is the geo- Wherex = 0.830 andz = 0.062 for MgZnp. This structure
metric factor. During years of investigation it was shown that type is characterised by presence of seven types of inter-
Laves phases exist within a broad rangeqfr5—1.04—1.68 stitials, which can be considered for location of hydrogen
[3]. Laves phases are among the most numerous types of interatoms while hydride formation.

metallic compounds and since a lot of them are composed on  One of the most interesting and important features of prac-
base or from light hydride-forming transition metals, these tically perspective Laves phases such as TiMnd ZrMn,

compounds (especially hexagonal MgAgype) were thor- is the existence of wide ranges of homogeneity. There are
oughly studied from the point of view of their application for ~at least three explanations of this phenomenon. Deviations
hydrogen storage. from stoichiometry can take place as a result of:

Compounds of MgZptype (Strukturbericht notation

C14) crystallise inP6a/mmc with 4 formula units in the 1. Formation of vacancies in lattice (vacancy model).
2. Substitution by superstoichiometric atoms for substo-

ichiometric atom positions in structure (substitution

model).
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Fig. 1. Desorption isotherms for TiMrH; systems at 20C (x = 0.75 (A); 0.01 L ] N »
1.0(B); 1.25 (C); 1.5 (D); 1.75 (E) and 2.0 (F)). 0 1 2 3 4

) Fig. 2. Desorption isotherms for ZrMaH, systems at 50C.
It was shown for both Ti-Mn systefd] and Zr—Mn sys-

tem[5] that the calculated densities of compounds according
to all three models correlate better with experimental values
in case of substitution model. Structural investigatif§)3]

also confirmed that the superstoichiometric component occu-
pies in lattice the positions of substoichiometric component.
In other words it is correct to represent alloys TiMnand
ZrMny gin conventional Laves phase form as Ti(MyTio.1)2

and (Zb.79Mno.21)Mn3.

Nonstoichiometric compounds as media for hydrogen
storage provided a good opportunity to modify the properties
of intermetallic hydrides by means of substitution of compo-
nents avoiding addition of another component to the alloy.
Systematic studies of nonstoichiometric binary Ti-Mn and
ternary Zr—-Mn Laves phases were performed by Gamo et al.

occupation of two possible sites—&2(or 6(:) (Table 1.
Though it is hard to distinguish manganese and titanium
due to their close values of neutrons scattering lengths,
the obtained R-factors allow to consider the proposed
distribution of B-atoms as correct.

The interaction with hydrogen of multicomponent alloys
usually starts without induction period after evacuation of
sample to 102 mmHg at room temperature and full first ab-
sorption completes in 30 min.

Result for more than 50 different alloys showed that in the
solid solution region main thermodynamic and structural pa-
rameters of alloys and hydrides change monotonously with

[8] (Fig. 1) and Pourariaii7] (Fig. 2). ;;Q;_(pwn
One of the problems with application of binary metal al- 3-%+B-Ti
loys for hydrogen storage is the rapid change of properties 4- 0+ VMn
connected with small changes of component ratio. This work : ';1" f’"\"::V
gt a-

was aimed on the systematic investigation of hydrogen ab-
sorption properties of C14 Laves phase alloys of Ti(Zr)-Mn—
V system.

2. Results and discussion

Ti(Zr)-Mn-V metallic system was found to have rather
large homogeneity range of Laves phase (36—65at.% Mn)
and vanadium is dissolved in TIMrC14 phase without any (Ti, Zr)
structural change up to 26 at[® (Fig. 3.

10 20 30 40 50 60 70 80 90

. at.% Mn
In view of such wide homogeneity region it was inter- ® - single-phase alloys
. . . © - two-phase alloys
esting to find out what changes take place in the structure © - three-phase alloys

of multicomponent nonstoichiometric alloys. In all cases,
metallic atoms of B-component do not show preference in Fig. 3. State diagram for Ti(Zr)-Mn-V system.
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Table 1

Structure parameters of initial alloys

Method X-ray TOFND TOFND

Alloy TiMn 1.5Vo5 Tio.0Zr0.1(Mno.75V0.15T0.1)2 Tio.9Zr0.1(Mnos8Vo0.35Ti0.07)2

Cell parameter550

A-component
4(f) (1/3, 213,2)

B-component

a = 4.894(2)c = 8.020(5)

2= 0.064(4) Ti

a = 4.906(1)c = 8.062(5)

z = 0.059(3) 0.88(1)Ti:0.12(1)Zr

a = 4.915(3)c = 8.085(6)

z = 0.057(3) 0.87(2)Ti:0.13(1)Zr

2(a) (0, 0, 0) 0.60(2)Mn:0.4(2)V 0.39(1)Mn:0.61(1)V 0.73(1)V:0.27(1)Ti
6(h) (x, 2x, 1/4) x = 0.829(6) 0.79(2)Mn:0.21(2)V x = 0.827(3) 0.85Mn:0.15Ti x = 0.827(4) 0.81(2)Mn:0.19(1)V
Rw 11 6.2 5.6

Refined composition TiM1usVo.52 Tio.88Zr0.12(Mno.74Vo.15Tio.11)2 Tio.87Zr0.13(Mno.61V0.32Ti0.07)2

Dissociation pressure Pe 295 Tz
u Ti-Zr-Mn-V exp
P (atm 18?)1-"') o Ti-Zr-Mn-V cal

10 A o Ti-Mn-V exp
F e 10 o o Ti-Mn-V cal
e ot%’ﬂ‘!’. ATiMN-V it
. 1 oudm,, - ATi-Zr-Mn-V it
e e A
el e 0.1 -, N
1k e ) 0.01 .
Tl 0.001 a
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0‘15 — 10 — 15 — 20 Fig. 6. Dependence of equilibrium desorption pressure vs. elementary cell
Content of V Cv (AT.%) volume.

Fig. 4. Dependence of equilibrium desorption pressure vs. vanadium content

in TI(Zr)-Mn_V alloys. The plot of desorption reaction enthalpy versus cell volume

is also rather close to linear function. Nonlinearity of both
. plots at unit cell volume higher than 123efers to the data
concentration of components. The tr_en_ds of .SUCh Changesobtained in one of the first works on stoichiometric ternary
are identical to those obseryed_for st0|_ch|or_netr|c compound. Ti1_,Zr,Mn, alloys[10]. However, if taken separately, these
qu e_xample, at cpnstant titanium + zirconium content sup- data points can be considered as having their own linear de-
sutmpn_ of vanadium for manganese leads to decrease Ofpendence.
equnlbrlur_n plateau pressure valugsds. 4 qnd » It is possible to evaluate from datafig. 6 the approxi-
Othgr |mportant dependencgs fgund In our '\/\./or.ks are mate minimal value for alloy cell volume below which reac-
shown inFigs. 6 and 7The logarithmic plot of equnl_bm_Jm tion with hydrogen does not start at pressures below 100 atm.
plateau Pressure versus cell volum_e_for both _st0|ch|omet- Since the Laves phases containing manganese are usually
ric and nonstoichiometric alloys exhibit almost linear trend. characterised by rather big absorption-desorption hysteresis,

then the absorption equilibrium pressure could be at least two
Dissociation pressure
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: i 55 R
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Fig. 5. Dependence of equilibrium desorption pressure vs. manganese con-

tent in Ti(Zr)-Mn-V alloys. Fig. 7. Dependence of desorption enthalpy vs. elementary cell volume.
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Table 2
Structural parameters forJgZro.1Mn1.5V3Tip2D2.8
Atoms Atom positions Crystal parameters at different temperature

295K 17K

Coordinates Occupancy B (Az) Coordinates Occupancy B (Az)
Ti:zr 4(F) 113, 213,z 7 =0.072(2) 0.88(1):0.12(1) 15 z = 0.058(2) 0.89(2):0.11(1) 15
Mn:V 2(a)0,0,0 0.39(1):0.61(1) 15 0.39(1):0.69(1) 15
Mn:Ti 6(h) x, 2x, 1/4 x = 0.824(3) 0.85:0.15 15 x = 0.832(2) 0.85:0.15 15
D1 24(0) x, y, z x = 0.089(4), 0.31(5) 2.0 x = 0.149(3), 0.29(2) 2.0

y = 0.391(3), y = 0.356(1),

z =0.565(4) z =0.558(2)
D 12(k)1 x, 2x, 2 x = 0.472(6), 0.23(3) 2.0 x = 0.499(2), 0.29(4) 2.0

z =0.607(3) z =0.593(7)
D3 6(h)1 x, 2x, 1/4 x = 0.444(8) 0.17(4) 2.0 x = 0.507(5) 0.11(3) 2.0
Refined composition BigoZr0.11MnN1.47V0.31Tio.22D2.8 Tio.80Zr0.11MN1.47V0.3Ti0.23D2.79
Cell parameters4) a =5.228(2),c = 8.553(3),V = 2027 a=5.232(1),c = 8.540(3),V = 2018
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