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Abstract

Structural states of the Ti—Zr-Ni based melt-spun ribbons have been investigated by means of the X-ray diffraction analysis. The ribbon
structural state was found to be strongly affected by the production conditions. A small amount of Si (0.2-0.3 at.%) in the Ti-Zr—Ni alloy
leads to the formation of an amorphous or a mixed amorphous-quasicrystalline state in the ribbons produced at the different hardening rates.
The amorphous-quasicrystalline structural state of the ribbons is stable during annealing up to temperaturés lofit4€iime changes in
its parameters take place. The uncoated by Pd amorphous and amorphous-quasicrystalline Ti—-Zr—Ni ribbons have the property of absorbing a
large amount of hydrogen. Changes in the amorphous and quasicrystalline subsystems have a reversible character: the structural states of th
ribbons after natural dehydrogenation practically fully returns to the initial one.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction dehydrogenation processes. From the other hand the hydro-
gen sorption property is extensively determined by the pecu-
It is known that Ti—Zr—Ni compounds have the property liarities of their structural states. The Ti—Zr—Ni compounds
of accumulating a large amount of hydrogen (up to 1.6 H/M) have a number of structural states depending on the chemical
[1-3]. But this ability is restricted by the existence of surface composition: from complex Laves phases to the quasicrys-
barrier due to oxidation, which is inherent to the compounds tals and amorphous statfls4—6] As it was shown if7]
in the both crystalline and quasicrystalline stdtgs As a the production conditions have a very strong effect on the
rule surface etching with subsequent coating by Pd use to re-Tiz7.1Zr3ggNi239Sig2 ribbon structural state. For instance,
move this barrier. But it results in the essential complication the melt-spun ribbons produced at the linear wheel velocity
in technological process and the rising in price for these ma- of 44 m/s have an amorphous state on the both contact and
terials as candidates for a commercial utilization. Therefore free sides, instead of the mixed amorphous-quasicrystalline
the palladium-free methods of hydrogen loading such as elec-one for the free side and amorphous one for the contact side
trolytic or ball milling ones should be studied in more detail in case of velocity of 30 m/s. Atthe same time the amorphous
as well as the behavior of the Ti—Zr—Ni compounds at ele- state was observed for a silicon concentration of one order of
vated temperatures, which take place during hydrogenation-magnitude less than that, given[irj. Therefore, the study of
the stability of amorphous and amorphous-quasicrystalline
structural state of the Pd-uncoated ribbons in process of
annealing and electrolytic hydrogenation is of a special
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2. Procedure 1QC(20/32)

4000 j INize ()

INi zZr,
Alloy ingot with the composition of T72ZraggNisag l ' f\ ¥ ZiNi,Ti,.0
at.% was prepared from pure elements (99.9%) by induction 20004 ac(iezg % §¥ 4
melting in Ar gas atmosphere at the G.V. Kurdyumov Insti- ] i
tute for Metal Physics. The ribbons having a cross section of
10 mmx 50m were produced at the Martin Luther Univer- 4000 7}
sity by the melt-spinning technology using quenching of the | Qc l
melt at 1400°C on a copper wheel with a surface velocity 20007 g \'@
of 44 and 30 m/s. Chemical analysis revealed the presence of ] o
a small amount of Si in the ribbons. The final composition
of the ribbons is T47,1Zr3ggNi239Sip 2 at.%. The most likely
origin of Si in the ribbons is the quartz quenching tube used
during the melt-spun procedure, as it is pointed od8]n

X-ray diffraction (XRD) investigations were performed
by means of a standard powder HZG-4 diffractometer using 4000 Y (d)
Cu Ka radiation @-filter) and monochromatic Mo & radia- | z ac
tion (primer pirographite monochromator). Structural param- 2000 a7
eters of the amorphous state were calculated by the procedure | 3
described in the previous papgs-12]. Corrections for in- o
coherent scattering, polarization, absorption and fluorescent 4000 - Y (e)
scattering were also taken into account. ] v L

Annealing of the ribbons was performed in a vacuum fur- 2000 - M
nace. The study of the electrochemical characteristics of the
alloys was performed in an electrolytic cell with nickel ox-
ide electrode. A working electrolyte of the composition 7 M
KOH + 1.5M LiOH was used. 20, degree

;
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Fig. 1. Fragments of XRD patterns of the 3 years naturally aged

Tiz7.1Zr388Ni239Sip 2 ribbon produced at the linear wheel velocity of 30 m/s,

Cu K, radiation (A, contact sides, free side): (a) initial state, (b), (c), (d),

) . (e)—annealed state at the temperatures o @@50°C, 500°C, 600°C,
XRD study of the 3 years natural agec7iZrzgsNizz o accordingly. Indexation of quasicrystalline peaksis given using Cahn scheme

Sip.2 ribbons produced at a linear wheel velocity of 44 m/s [13].

shows that both sides of the ribbons are in an amorphous state.

At the same time, there is a large difference in the diffraction appear only after 450C: the intensity of the quasicrystalline
diagrams from the contact and free sides for the ribbons pro- peaks at the free side of the produced ribbon at velocity of
duced at the velocity of 30 m/s. So, two broad diffuse maxima 30 m/s essentially decreases and the features of new maxima,
are observed at the contact side and additional three narrowconnected with NiZr phasé&ig. 1c), arise. These phenomena
Bragg peaks are present for the free siéig(1a). It should become clearly definedr{g. 1d) at 500°C. No the quasicrys-

be pointed out that the diffraction patterns for the natural talline peaks and the difference between the XRD patterns of
aged ribbons are similar to the ones in as-prepared[state  contact and free sides were observed at“@€D0There are
Analysis of the XRD pattern for the ribbon produced at the peaks of NiZr, NiZp (space grougd/mcm (140)) and com-
linear velocity of 30 m/s allows the assumption that there is plex ZgNisTioOg g (Space grougd3m (227)) phases peaks
an amorphous state on the ribbon contact side and a mixedn the XRD patternfig. 1e). The possible influence of oxy-
amorphous-quasicrystalline state on the free side, where thegen impurities on the ribbon crystallization process should
hardening rate is the lowesFif. 1a). The quasilattice pa-  be noted.

rameterAg was calculated using the scheme proposed by  The question arises about the influence of the hydrogenat-
Cahn et al[13]. The first and third maxima correspond to the ing process on the ribbon structure state. In our case, the
diffraction peaks for quasicrystalline latticdd = 7.53,&) hydrogenating was performed for the 3 years natural aged
and they have the indexes 18/29 and 20/32, respectively.Tiz71Zr3s8Ni239Sig 2 ribbons, produced at the linear wheel
The second peak corresponds to the interplanar distance ofelocity of 30 and 44 m/s, in the electrolytic cell during 8 h

d = 2.45A and it may be connected with NiZr intermetallic  at the current density of 5 mA/cimand voltage of 1.68 V.
phase (space grou@incm (63)) in the ribbon. XRD study  The ribbon surface has been neither etched nor coated by Pd.
of the Tig7.1Zr388Ni239Sip 2 ribbons annealed in the vacuum At this treatment, a hydrogen concentration of 0.5 H/M was
furnace at different temperatures during 1 h showed a stableachieved. XRD study of the freshly hydrogenated samples
structure up to 400C (Fig. 1b). Changes in the XRD pattern testifies amorphous state for the 44 m/s velocity ribbon. Atthe

3. Results and discussion
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Fig. 2. Fragments of XRD patterns of the7iZr3sgNi23 9Sio.2 ribbon pro-
duced at the linear wheel velocity of 30 m/s, Cy adiation, free side (In-
dexation of peaks is similar tBig. 1): (a) initial state, (b) in a day after
hydrogenation, (c) in a week after hydrogenation.

same time, there are essential changes in the structure states

of the free side of 30 m/s velocity ribboRif. 2a, b): namely,

the intensity of the quasicrystalline peaks decreased, but their

positions did not change, which is in an agreement y@ih
At that additional peaks from Laves phases appeared.

To study the changes in a structure of the amorphous sub-

system of hydrogenated ribbons, the XRD investigation using
Mo Ka radiation was conducted. The structural fa¢fgrand

the radial distribution function (RDF) were calculated for the
both types of ribbons in the initial and hydrogenated states
using the set of programs, developed by A.G. Ilingkd].

The parameters of the amorphous structure calculated from

the X-ray data are shown ifable 1

Table 1
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Obviously, the changes in the structural state of the amor-
phous subsystem take place during hydrogenation for both
ribbon types: the position of the 1st diffuse maxima shifts
towards the smaller angle values and its intensity decreases.
The position of the first maximuny of a structure factor
is connected with the most probable interatomic distafce
on a RDF diagram. As a rule, it is associated with the struc-
ture component having the largest volume fraction. In other
words, an increase of the interatomic distances and a decrease
of the degree of short range order take place in an amorphous
subsystem during hydrogenation.

The study of the stability of the hydrogenated ribbon struc-
tural state is of a special interest. The conducted XRD study
reveals that the relaxation processes in the ribbons appear
during the 1st day after hydrogenation. The fragments of the
XRD patterns for the cases of the initial state, in a day after hy-
drogenation and in a week after hydrogenation are presented
in Fig. 2 for ribbons with hardening velocity of 30 m/s. As
it is seen fronFig. 2 the intensity of quasicrystalline peaks
practically amounts to the initial value in a week after hy-
drogenation. It seems to be a result of an interaction between
amorphous and quasicrystalline subsystems.

4. Conclusions

(i) Tiz71Zr3ggNi239Sip2 ribbons with a small amount of
Si have been produced by the melt-spinning technology
in different nanostructural states. The ribbon structural
state depends on the production conditions: reducing of
the hardening rate leads to the formation of the mixed
amorphous-quasicrystalline structure on the free ribbon
side in contrast to the amorphous one on the contact
side.

(i) The amorphous-quasicrystalline structure state of the
ribbons is stable during annealing up to temperature of
400°C but some changes in its parameters take place.
A further increase of the annealing temperature leads to
the formation of a mixed amorphous-quasicrystalline-
crystalline state, which transforms into a crystalline one
after 600°C.

(i) The hydrogen concentration of 0.5 H/M was achieved
by means of the electrochemical method in the uncoated
by Pd, 3 years naturally aged3¥iZr3sgNiz39Sio.2
ribbons. The structural changes are observed in both
the amorphous and quasicrystalline subsystems. This

Parameters of an amorphous state af TZr3ggNi239Sip 2 ribbons produced at the linear velocity of 30 and 44 m/s in the initial (3 years of natural aging) and
hydrogenated states;(ands; are the positions of the first and second diffraction maxiifsa) is the height of the first maximum on tt(@) diagramy is the

position of the first maximum on the RDF diagram)

No. State of samples s1 (A 52 (A1) i(s1) (e.u.) 1 (A)

1 Linear velocity of 30 m/s, initial state, free side 2.62 4.43 3.83 3.09
2 Linear velocity of 30 m/s, hydrogenated state, free side 2.57 4.45 3.72 3.12
3 Linear velocity of 44 m/s, initial state, free side 2.64 441 3.49 3.13
4 Linear velocity of 44 m/s, hydrogenated state, free side 2.62 4.43 3.19 3.09




518 A.D. Rud et al. / Journal of Alloys and Compounds 404—406 (2005) 515-518

phenomenon has areversible character: the ribbon struc- [4] X. Zzhang, R.M. Stroud, J.L. Libbert, K.F. Kelton, Phil. Mag. B 70

ture state reverts almost entirely to the initial state after (1994) 927.
natural dehydrogenation. [5] R.G. Hennig, K.F. Kelton, A.E. Carlsson, C.L. Henley, Phys. Rev. B
67 (2003) 134202.

[6] R. Nicula, U. Ponkratz, A. Jianu, C. Schick, E. Burkel, Mater. Sci. Eng.
294-296 (2000) 90.

Acknowledgements [7] A.D. Rud, U. Schmidt, O.I. Slukhovskii, G.M. Zelinska, J. Alloys

Compd., 373 (1-2) (2004) 48.

The authors are grateful to A.G. llinskii and B. Schmidt  [8] J.P. Davies, E.H. Majzoub, J.M. Simmons, K.F. Kelton, Mater. Sci.

for a contribution to performance this work. Eng. 294-296 (2000) 104. _
[9] J.F. Sadoc, C.N.J. Wagner, in: H. Beck, H.-dintherodt (Eds.), Topics

in Applied Physics, Glassy Metals Il, Springer, 1993.
[10] V.V. Nemoshkalenko, A.V. Romanova, A.G. llinsky, et al., Amorfnyye
References Metallischeskie Splavy (Amorphous Metallic Alloys), Naukova
Dumka, Kiev, 1987 (in Russian).
[1] J.Y.Kim, P.C. Gibbons, K.F. Kelton, J. Alloys Compd. 266 (1998) 311. [11] L.E. Vlasenko, G.M. Zelinska, A.P. Brovko, A.V. Romanova, Met.

[2] A.M. Viano, A.F. McDowell, M.S. Conradi, P.C. Gibbons, K.F. Kelton, Phys. Adv. Tech. 16 (1998) 1413.
in: C. Janot, R. Mosseri (Eds.), Proceedings of the Fifth International [12] G.M. Zelinska, T.M. Khristenko, A.V. Romanova, Metallofizika |
Conference on Quasicrystals, Avignon, 22-26 May 1995, World Sci- Novejshie Tekhnologii 23 (7) (2001) 961 (in Russian).
entific, Singapore, (1996) 798. [13] J.W. Cahn, D. Shechtman, D. Gratias, J. Mater. Res. 1 (1986)
[3] A. Sadoc, J.P. ltie, A. Polian, J.Y. Kim, K.F. Kelton, Mater. Sci. Eng. 13.

294-296 (2000) 804. [14] A.G. llinskii, ilin@imp.kiev.ua



	Peculiarities of structural state and hydrogen storage properties of Ti--Zr--Ni based intermetallic compounds
	Introduction
	Procedure
	Results and discussion
	Conclusions
	Acknowledgements
	References


