Journal of

ALLOYS
AND COMPOUNDS

ée A T
ELSEVIER Journal of Alloys and Compounds 404—406 (2005) 417—-420

www.elsevier.com/locate/jallcom

Improvement of cyclic durability of BCC structured Ti—Cr-V alloys
H. Itoh*, H. Arashima, K. Kubo, T. Kabutomori, K. Ohnishi

Muroran Research Laboratory, The Japan Steel Works, Ltd., 4 Chatsu-machi, Muroran, Hokkaido 051-8505, Japan

Received 4 June 2004; received in revised form 2 December 2004; accepted 6 December 2004
Available online 11 July 2005

Abstract

Durabilities of Ti—-Cr—V alloys were investigated using the cyclic hydrogen absorption—desorption test. The XRD pattern obtained for
Ti»4CrsgV 4o alloy after 100 cycles suggested the production of a highly distorted secondary phase. A temperature swing cyclic test was
conducted and it became clear that the degradation of hydrogen transfer was caused by the decrease of total hydrogen content in the alloy
Vanadium content is an important factor in improving durability. High vanadium content prevents rapid degradation in the initial cycles.
Floating zone melting is effective also for improving durability and the effect is remarkable for alloys with high vanadium content. Highly
homogenized EiCry,Vgo alloy made by floating zone melting shows only 1.4% degradation from the initial hydrogen capacity after 500
cycles. As a behavior different from other Ti—Cr-V alloys, the floating zone meltgir;FV g, alloy shows an increase of the hydrogen
absorption plateau pressure with the progression of cycles.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction in rechargeable hydrogen capacity and composition of the
alloy and heat treatment were examined.
Ti—Cr-V is one of the hydrogen absorbing alloys, which
have a body-centered cubic (BCC) structure and the compo-
nents form a series of solid solution alloys. In recent years
study of Ti-based BCC alloys, particularly Ti—-Cr-V has been
promoted/1-6]. Most of the hydrogen absorbing alloys de- Ti-Cr-V alloys were prepared by arc melting under an
veloped forp_ragtical use have been in.termetallic compounds 5, atmosphere in a water-cooled Cu crucible. The target
such as LaNj, TiFe, and TiMn s. The Ti-Cr-V alloys show  ompositions of arc-melted alloys were,#CragVao and
unique properties different from intermetallic compounds. TigCri2Vgo. Some ingots obtained were subjected to anneal-
Although such alloys have large initial hydrogen absorbing ing at 1673 K for 10.8 ks and then water quenching (WQ) or
capacities (over 3.9 wt.%), the rechargeable hydrogen capacy ioating zone (FZ) melting for homogenization. Pressure-
ities near room temperature are limited to about 2.6 wt.%. composition isotherms (PCI) were measured in a conven-
These alloys have the possibility of increasing the recharge-;ional Sieverts'-type apparatus. Following degassing at 373—
able hydrogen capacity, but also show disadvantages such ag>3 k for 3.6-7.2 ks, initial hydrogenation was carried out
high hysteresis and poor durability. In particular, the large holding the temperature at 293 K under hydrogen pressure
degradation of rechargeable hydrogen capacity in the earlyst 4 5 MPa. The starting conditions for PCI measurement
stage of cycling prevents putting this alloy to practical use. In \yare a state after evacuation at 373K for 3.6ks follow-
this study, cyclic absorption—desorption tests were pen‘ormeding initial hydrogenation. The apparatus was also used for
for Ti-Cr-V alloys and the correlations between degradation ¢, cyclic absorption—desorption test. Although a pressure
swing absorption—desorption cyclic test was employed as

* Corresponding author. Tel.: +81 143 22 9228; fax: +81 143 22 4180.  usual, a temperature swing cyclic test was also executed.
E-mail address: hideakiito@jsw.co.jp (H. Itoh). The pressure swing cyclic test was performed with repe-

' 2. Experimental procedure
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tition of pressurization up to 2.5MPa for absorption and ' ' ' ' ' ' ' '
evacuation with a vacuum pump for desorption. The tempera- 24 1 4
ture swing cyclic test was performed between 283 and 363 K
in the closed system. Furthermore, X-ray powder diffraction
(XRD) analysis by using Cu & radiation was carried out
after degassing at 293K for 3.6 ks to determine phases and
lattice constants.
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The PCls of T$4CrsgV 40 alloys at 293K are shown in Cycle Number, N

Fig. 1L Although the PCI had a more sloped plateau for float-

ing zone melting than water quenching following annealing, Fig. 2. Hydrogen transfer changes of#rssVao alloys with pressure
the hysteresis property of FZ slightly improved. Hydrogen swing cycling at 293 K.

transfer changes during the pressure swing cyclic test up to

100 cycles at 293 K are shownliig. 2 The WQ alloy shows  6yard the opposite side. These small peaks shown along with
considerable degradation of hydrogen transfer in the initial 10 broadening suggest a secondary phase, which cannot absorb
cycles. The FZ alloy shows slower degradation than the WQ  gesorb hydrogen reversibly. Arashima et[@]. have re-

alloy and the difference of hydrogen transfer reaches abOUtported that floating zone melting improves the homogeneity
0.13mass% after 100 cycles. The PCls after 100 cycles aréqf Ti_cr—yv alloys and that the rechargeable hydrogen capac-
also shown irFig. 1. The equilibrium hydrogen pressure for i i increased by this process. The initial hydrogen capacity
absorptlon decreases with the progression of cycles and hyss the WQ and FZ alloys prepared in this study was the same
teresis becomes smaller. The slope of plateau becomes largeg ¢ degradation of hydrogen transfer of the FZ alloy was
after 100 cycles. XRD patterns of 2hCragV 40 alloys are  gmgjier than that of the WQ alloy. The highly homogenized

summarized irFig. 3. Every peak shifts to a lowewangle 510y made by floating zone melting had durability against
after hydrogenation due to the residue of hydrogeninthe Sam-production of the second phase.

ple. The initial peaks of the FZ alloy are slightly sharper than
those of the WQ alloy. After 100 cycles, every peak is broad- , .

ened asymmetrically. The most intense peak has broadened tg 2. TiaCraeVao alloy, temperature swing cycle
a higher 2 angle, while the other two peaks have broadened

Hydrogen Transfer / mass%

3. Results and discussion

3.1. TipaCraeVyo alloy, pressure swing cycle

Cohen and We$8] reported that the degradation of LgNi
was caused by segregation named disproportionation. One of
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Fig. 1. Initial PCls of Tp4CrsgV 40 alloys and PCls after 100 cycles of pres-  Fig. 3. X-ray diffraction patterns obtained for,3CrzgV 40 alloys before
sure swing absorption—-desorption cycling at 293 K. hydriding and after 100 cycles.
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range at low pressufi]. Therefore, the evacuation condition

in the pressure swing cyclic test is insufficient for complete Fig. 5. Initial PCls of TsCri2Vgo alloys and PCls after 500 cycles of pres-
hydrogen desorption; the hydrogen transfer change does nogure swing absorption—desorption testing at 293 K.
directly express the hydrogen content change in the alloy.

To make it clear whether the accumulation of hydrogen in elements in its own BCC lattice. ThegQri2Vgo alloy was

the alloy with repeated cycles causes a hydrogen transfer deq, o mineq using the cyclic absorption—desorption test based

crease, the temperature swing cyclic test in a closed system,, yq consideration that the vanadium content in the Ti—Cr—
was performedkig. 4shows the hydrogen transfer change of ; 416y will affect the stability of the BCC structure. The ratio

the water quenchedZiCrzsV 40 alloy and hydrogen pressure ot 1i/cr was kept the same with 40% vanadium alloy. The
of the testing vessel during the temperature swing cyclic test PCls of TsCr1,Vgo alloys at 293K are shown ifiig. 5. The

under almost constant pressure. Although the amount of h_V'pIateau slope and hysteresis are smaller than th€eV 40
drogen transfer is smaller than that of pressure swing cyclic alloy. As with the ThaCragV 40 alloy, hysteresis of the FZ al-

test because of the large hysteresis of the alloy, the tendencyfoy was improved compared with the WQ alloy. The hydro-

of degradation is same as with the pressure swing test. There—gen transfer changes during the pressure swing cyclic test up

fore, the totall hydrogen amount in the testing vessel was keptt0 500 cycles at 293K are shown fiig. 6. Degradation of
constant during the cyclic tests, the pressure of yessgl ex'hydrogen transfer, especially in the initial stages of cycling,
presses the hydrogen amount, which is not contained in theiS smaller than for the FiCragV.40 alloy, but the degradation

alloy. When the vessel is heated, the alloy releases hydroger,o.omes clear with increasing cycle number. The FZ alloy
and the pressure increases. Desorption pressure in this test

shows no change through about 40 cycles and it means that
the hydrogen content after desorption is constant. In contrast, [~ T T T L
absorption pressure in the cooling state increases gradually 26 1 4

with the cycles. The tendency of pressure increase with cy- et sttt Tt S N
cles corresponds to the decrease of hydrogen transfer. It be- MM
24 L ’-V\-M 4

comes clear that the hydrogen absorption—desorption cycle
reduces the hydrogen content in the alloy. The X-ray diffrac-
tion patterns shown iRig. 3indicate the existence of a highly
distorted secondary phase. It is considered that formation of
this distorted phase, which cannot be hydrided, degrades the
hydrogen transfer of the BCC alloy with cyclic hydrogen ab-
sorption and desorption.
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3.3. TigCr12Vgo alloy, pressure swing cycle I o

) . i . Cycle Number, N
Ti—Cr binary alloys form TiCs Laves phase, which is yele Tumber

more §table than the BCC structure at low tem pgratu re. Vana-rig. 6. Hydrogen transfer changes o§Ti1Vgo alloys with pressure swing
dium is known as one of the metals that can dissolve many cycling at 293K.
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shows only 1.4% degradation even after 500 cycles, while 4. Conclusion
the WQ alloy shows about 5.4% degradation from the ini-
tial state. Vanadium is a metal that has the BCC structure. Hydrogen transfer degradation was investigated for Ti—
The lattice structure changes to a body-centered tetragonalCr—V alloys with the BCC structure. It was found that
(BCT) for monohydride and face-centered cubic (FCC) for vanadium content and homogeneity have important roles
dihydride[9]. The TgCr12Vgo alloy has same behavior as for cyclic durability. High vanadium content prevents rapid
vanadium and the XRD pattern shows typical BCT peaks degradation in the initial cycles. Floating zone melting is ef-
different from the T34CrsgV 40 alloy shown inFig. 4. The fective for improving durability and the effect is remarkable
transformation to BCT is an important factor for cyclic dura- for alloys with high vanadium content.
bility.
The PCls after 500 cycles are alsdHiy. 5together. The
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