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(57) ABSTRACT 
Aprocess for preparing a hydrogen storage alloy having as 
the main phase a body-centered cubic structure phase 
capable of absorbing, storing and releasing hydrogen, Which 
comprises steps: a melting step of melting and hornogeniZ 
ing an alloy having a prescribed elernent ratio; a heat 
treatment step of retaining the hornogeniZed alloy at a 
temperature (T) just under the melting point (Trn) of the 
alloy for a prescribed period of time; and a quenching step 
of rapidly cooling the heat-treated alloy. 
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Fig. 2 
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Fig.4 
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Fig.5 
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Fig. 6 
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Fig.7 
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Fig.8 
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Fig.10 
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Fig. 11 
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Fig.12 
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Fig. 13 
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Fig. 14 
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METHOD FOR PREPARING HYDROGEN 
STORAGE ALLOY 

TECHNICAL FIELD 

[0001] The present invention relates to a process for 
producing a hydrogen storage alloy capable of repeatedly 
carrying out the absorption and release of hydrogen. Par 
ticularly, the present invention relates to a process for 
preparing a BCC-based hydrogen storage alloy having theo 
retically a high capacity for hydrogen storage. Further, the 
present invention especially relates to a method for produc 
ing a hydrogen storage alloy having highly practicable 
properties, including, for example, not only quantitatively 
excellent hydrogen adsorption and desorption characteristics 
Within practical pressure ranges and temperature ranges but 
also a capacity of adsorbing and desorbing hydrogen in quite 
great amounts per unit Weight, together With a relatively 
inexpensive productivity, etc. 

RELATED ART OF THE INVENTION 

[0002] At present, there have been fears of not only acid 
rain due to increasing NOX (nitrogen oxides) but also the 
global Warming due to similarly increasing CO2 in associa 
tion With an increase in consumption of fossil fuel such as 
petroleum. Such environmental destruction has become a 
serious problem. Therefore, our attention has been greatly 
concentrated on development and practical application of 
various kinds of clean energy Which is friendly to the earth. 
As a part of this neW energy development, practical use of 
hydrogen energy is given. Hydrogen, Which is a constituent 
element of Water inexhaustibly present on the earth, is not 
only producible by using various kinds of primary energy, 
but also utiliZable as a ?uid energy in place of convention 
ally used petroleum Without the risk of destroying the 
environment because its combustion product is only Water. 
In addition, unlike electric poWer, it has excellent charac 
teristics such as its relatively easy storage. 

[0003] In recent years, therefore, investigation has been 
actively conducted involving hydrogen storage alloys as 
storage and transport media for hydrogen, and their practical 
application has been expected. Such hydrogen storage alloys 
are metals/alloys that can absorb or adsorb, and release 
hydrogen under an appropriate condition and, by the use of 
such alloys, it is possible to store hydrogen not only at a 
loWer pressure but also in a higher density as compared to 
the case of the conventional hydrogen cylinders. In addition, 
the hydrogen volume density thereof is nearly equal to or 
rather more than that of liquid or solid hydrogen. 

[0004] Among these hydrogen storage alloys, AB5 alloys 
such as LaNi5 and AB2 alloys such as TiMn2 have been put 
into practical use until noW, but their hydrogen absorbing 
capacity is still insuf?cient. Therefore, as proposed, for 
example in Japanese Unexamined Patent Publication 
(Kokai) No. 10-110225 (JP, A, 10-110225 (1998)), metals 
having a body-centered cubic structure (hereinafter referred 
to as “BCC” or “BCC type”) (e.g., V, Nb and Ta), and BCC 
type alloys thereof (e. g., TiCrV-based alloys, etc.) have been 
mainly examined in recent years because the number of 
hydrogen absorbing sites is great and the hydrogen absorb 
ing capacity per unit Weight of the alloy is an extremely large 
value as large as H/M=ca. 2 Wherein H is an occluded 
hydrogen atom and M is a constituent element for the alloy 
(about 4.0 Wt % in case of V With an atomic Weight of 
around 50, etc.). 
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[0005] With regard to alloys Wherein Ti and Cr are com 
prised, as suggested in JP, A, 10-110225, When the admix 
ture ratio of the constituent metals in alloys comprised of 
only Ti and Cr is brought to such an extent that it Will be 
conductible to absorb and release hydrogen at a practicable 
temperature and pressure (i.e., the atomic ratio of Ti is set at 
5<Ti (at %)<60), a temperature range for forming a BCC 
structure becomes very narroW betWeen a melting point of 
the alloy and a temperature at Which a C14 crystal structure 
is formed as also apparent from FIG. 2 (phase diagram for 
the Ti—Cr binary alloy). Consequently, other C14 crystal 
structure phases Which are different from BCC are formed at 
90 Wt % or more in the alloy and it is very difficult to 
produce the BCC. Therefore, the aforementioned TiCrV 
based alloys are products obtained by admixing V as an 
element highly capable of forming BCC together With both 
Ti and Cr so as to attain the BCC structure in a more stable 
fashion and at a loWer temperature. It has been reported that 
it is difficult to form the BCC as their main phase even by 
application of heat-treatment unless the amount of V is at 
least 10% or more and as a result no good hydrogen 
adsorption and desorption characteristics are obtainable. 

[0006] Further, a Ti—Cr-based alloy (comprised of 5 or 
more elements) having the formula: Ti(1OO_X_y_Z)CrXAyBZ, 
Wherein A is one member selected from V, Nb, Mo, Ta and 
W, and B is tWo or more members selected from Zr, Mn, Fe, 
Co, Ni and Cu, and its crystalline structure is BCC, is 
disclosed in Japanese Unexamined Patent Publication 
(Kokai) No. 7-252560 (JP, A, 7-252560 (1995)), Wherein it 
is pointed out that the aforementioned admixture of 5 or 
more elements is essential for acquiring the aforementioned 
BCC. 

[0007] HoWever, there are still problems: since V to be 
admixed With the aforementioned alloy has an atomic 
Weight approximately similar to that of Ti or Cr, it may be 
admixed at an elevated quantity Without reducing its hydro 
gen storage capacity per unit Weight of the alloy product so 
much, but because it is very expensive, especially highly 
pure one (99.99% purity) employed for such an alloy is 
extremely expensive, the price of the alloy product results in 
a very high level, Whereby alloy costs Will increase for 
absorbing and storing an equal amount of hydrogen. 

[0008] Therefore, for inexpensive alloys free of using 
precious V, Mo—Ti—Cr-based and W—Ti—Cr-based 
alloys are proposed Wherein M0 or W is admixed as, like V, 
an element highly capable of forming BCC With both Ti and 
Cr. HoWever, for these Mo and W, as suggested in Japanese 
Unexamined Patent Publication (Kokai) No. 10-121180 (JP, 
A, 10-121180 (1998)), it has been reported as folloWs: such 
alloys are not made into BCC forms even by application of 
heat-treatments When Mo and/or W is admixed at 0 at %, nor 
is BCC obtainable as the main phase When Mo and/or W is 
admixed at a loW level, similarly to the above V. Accord 
ingly, no good hydrogen absorption and desorption charac 
teristics Will appear There are also problems: When the 
amounts of Mo and W to be admixed increase, the hydrogen 
absorbing capacity per unit Weight of such alloys Will be 
reduced because of their large atomic Weight, and in case 
Where these hydrogen storage metal alloys are used as 
energy sources for automobiles, bicycles, etc. in the form of 
hydrogen gas storage tanks and nickel hydrogen batteries, 
including fuel batteries, their Weights Would unavoidably 
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increase When an attempt is made at attaining a necessary 
electric power and hydrogen-supplying performance. 

[0009] In vieW of the foregoing points, the present inven 
tors have paid much attention to the aforementioned prob 
lems and, as a result, succeeded in the present invention. An 
object of the present invention is to provide a process for 
producing a hydrogen storage metal alloy Which is capable 

of providing such a hydrogen storage metal alloy being producible in the aforementioned form having BCC main 

phases even if the level of precious V, or Mo and W Which 
each lead to a decrease in hydrogen absorbing capacity per 
unit Weight, is made null or as minimal as possible, also (ii) 
excellent in vieW of its cost and hydrogen absorbing capac 
ity per unit Weight and (iii) highly practicable. 

SUMMARY OF THE INVENTION 

[0010] In order to solve the aforementioned problems, the 
present invention provides a process for producing a hydro 
gen storage alloy for adsorption, storage and desorption of 
hydrogen. According to the present invention, the processes 
are characteriZed in that: 

[0011] (1) hydrogen storage alloy products have as 
the main phase a body-centered cubic structure-type 
phase capable of absorbing, storing and releasing 
hydrogen, and 

[0012] (2) said process comprises steps: 

[0013] (a) a melting step of melting a starting alloy 
brought to a predetermined element ratio to form 
a homogeneous heat, 

[0014] (b) a heat-treatment step of retaining the 
homogeniZed alloy at a temperature equal to or 
just loWer than the melting point of the alloy, 
preferably at a temperature Where the ratio of the 
heat-treating process temperature (T) to the alloy 
melting point (Tm), T/T m, is from 0.8 to 1.0, for 
a predetermined period of time; and 

[0015] (c) a quenching step of rapidly cooling the 
heat-treated alloy. 

[0016] Such characteristics enable the production of 
hydrogen storage metal alloys having as the main phase a 
BCC-type phase With regard to not only Ti—Cr binary 
alloys, Which Were considered to be hardly attained in the 
prior art, but also alloys having a composition Wherein V, 
Mo, Al, W, rare earth elements and others are contained at 
loW levels. 

[0017] In the hydrogen storage metal alloy-producing pro 
cess according to the present invention, it is preferred that 
the retaining time range at the aforementioned heat treat 
ment step is from 1 minute to 1 hour. 

[0018] When a time range for the heat treatment step is 
less than 1 min, it is impossible to form sufficiently a 
BCC-type structure phase, and When it exceeds 1 hr, not 
only heat-treating costs increase but also an adverse action 
of deteriorating hydrogen adsorption and desorption char 
acteristics due to precipitation of heteromorphic phases 
appears. Accordingly, the inventive time range leads to the 
excellent formation of the BCC structure phase With sup 
pressing an increase in the treating cost. 
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[0019] In the hydrogen storage metal alloy-producing pro 
cess according to the present invention, it is preferred that 
the starting alloy to be molten to form a homogeneous heat 
has a composition represented by the general composition 
formula: 

“(100341 4b)Cr(a7U.6b)Mb 
[0020] Wherein M is vanadium (V); and 

202a (at %)§8O and Oéb (at %)§10. 

[0021] As a result thereof, alloys Wherein the main phase 
is a BCC-type structure can be produced in a stable fashion 
from each highly practicable hydrogen storage alloy Which 
is excellent in cost and hydrogen storage capacity per unit 
Weight. 
[0022] In the hydrogen storage metal alloy-producing pro 
cess according to the present invention, it is preferred that 
the starting alloy to be molten to form a homogeneous heat 
has a composition represented by the general composition 
formula: 

Ti(1DD7a7U.4b)Cr(a7D.6b)Mb 
[0023] Wherein M is at least one element of molybdenum 
(Mo) and tungsten and 

[0024] As a result thereof, alloys Wherein the main phase 
is a BCC-type structure can be produced in a stable fashion 
from each highly practicable hydrogen storage alloy Which 
is excellent in cost and hydrogen storage capacity per unit 
Weight. 
[0025] In the hydrogen storage metal alloy-producing pro 
cess according to the present invention, it is preferred that 
the starting alloy to be molten to form a homogeneous heat 
has a composition represented by the general composition 
formula: 

“(100341 4b)Cr(a7D.6b)V(b7c)Mc 
[0026] Wherein 202a (at %)§80, Oéb (at %)§ 10, and 

[0027] Oéc (at %)<5; and 

[0028] M is at least one element of Mo and W. 

[0029] As a result thereof, alloys Wherein the main phase 
is a BCC-type structure can be produced in a stable fashion 
from each highly practicable hydrogen storage alloy Which 
is excellent in cost and hydrogen storage capacity per unit 
Weight. 

[0030] In the hydrogen storage metal alloy-producing pro 
cess according to the present invention, the melting step for 
melting an starting alloy to form a homogeneous heat is 
important. The melting and coagulation may be repeated 
predetermined times for homogeniZation, and/or stirring 
may be performed With melting via high frequency induc 
tion heating. 

[0031] As a result thereof, the homogeneity of alloys can 
be improved to provide the BCC type structure phase in a 
higher ratio. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] FIG. 1 is a flow chart illustrating a process for 
producing the hydrogen storage alloy according to an 
embodiment of the present invention. 
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[0033] FIG. 2 depicts a Ti—Cr binary system phase 
diagram. 
[0034] FIG. 3 is an X-ray diffraction pattern of as heat 
treated (at 1400° C. for 1 hour) alloy 

[0035] VXTi37.5Cr62 5-X~ 

[0036] FIG. 4 is a graph showing hydrogen absorption 
and desorption characteristics (at 40° C.) for as heat-treated 
(at 1400° C. for 1 hour) alloy VXTi375Cr62 5_X. 

[0037] FIG. 5 is a graph shoWing the relationship of 
amounts of admixed V versus hydrogen absorption and 
desorption characteristics for a Ti—Cr—V alloy. 

[0038] FIG. 6 is an X-ray diffraction pattern of as heat 
treated (1400° C., 1 hr) alloy Ti4OCr57 5M2_5(M=Mo, 
[0039] FIG. 7 is a graph shoWing hydrogen absorption 
and desorption characteristics (at 40° C.) for as heat-treated 
(at 1400° C. for 1 hour) alloy Ti4OCr57 5M025. 

[0040] FIG. 8 is a graph shoWing hydrogen absorption 
and desorption characteristics (at 40° C.) for as heat-treated 
(at 1400° C. for 1 hour) alloy Ti4OCr57 SW2 5. 

[0041] FIG. 9 is a graph shoWing the relationship of 
amounts of admixed Mo versus hydrogen absorption and 
desorption characteristics for a Ti—Cr—Mo alloy. 

[0042] FIG. 10 is a graph shoWing the relationship of 
amounts of admixed W versus hydrogen absorption and 
desorption characteristics for a Ti—Cr—W alloy. 

[0043] FIG. 11 is an X-ray diffraction pattern each of as 
heat-treated (1400° C., 1 hr) alloys Ti37 5CrGOV2 5 and Ti37 
5Cr6OMO1 25V1 25 

[0044] FIG. 12 is a graph shoWing the heat treatment 
temperature-dependency of hydrogen storage capacity for a 
Ti—Cr alloy. 

[0045] FIG. 13(a) is a graph shoWing the dependency of 
phase changing temperature on amounts of admixed V for 
alloy Ti—Cr—V, and FIG. 13(b) is a graph shoWing the heat 
treatment temperature-dependency of hydrogen storage 
capacity therein. 

[0046] FIG. 14 is a chart shoWing variations in X-ray 
diffraction patterns of Ti25Cr4OV35 alloy dependent on heat 
treatment temperature. 

[0047] FIG. 15 is a graph shoWing the heat treatment 
time-dependency of hydrogen storage capacity for Ti—Cr 
based alloys: 

[0048] (1) Ti41Cr56 sMoz 5> (2) Ti41Cr56 5MO1 
25A11.25, 

[0049] (3) Ti41 7Cr563Mo2, (4) Ti4OCr56Mo2Al1, 

[0050] (5) Ti37 5CrSSVSMn2 5, (6) Ti4OCr57Mo2La1, 

[0051] (7) Ti4OCr56Mo3Nb1, (8) Ti4OCr56Mo3Fe1, 
and 

[0052] (9) Ti38Cr54V5Mo2Ta1. 
[0053] FIG. 16 is a graph of hydrogen absorption and 
desorption characteristics (release curve, 40° C., 5th cycle) 
upon application of differential temperature method to alloy 
VXTi37 5Cr62 5-K 
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PREFERRED EMBODIMENTS FOR 
EXECUTING THE INVENTION 

[0054] Described beloW are the hydrogen storage metal 
alloys of the present invention and production processes 
thereof in detail, relying on experiments conducted by the 
present inventors. 

[0055] First, FIG. 1 is a How chart shoWing a preferred 
embodiment of the process for producing the hydrogen 
storage alloys according to the present invention. Such a 
process is applied to the production of hydrogen storage 
alloys used in the experiments conducted by the present 
inventors as described herein beloW. 

[0056] In this process for the production of hydrogen 
storage metal alloys, each constituent metal for an intended 
hydrogen storage alloy (for example, each of Ti, Cr and V 
Where Ti37_5Cr6OV2_5 is prepared as a product) is Weighed at 
an amount corresponding to each composition ratio so as to 
bring the total Weight of a resultant ingot to 12.5 g. 

[0057] Each individual metal thus Weighed is placed in an 
arc melting plant (not depicted), subjected to repeated treat 
ments (melting-stirringe—>solidi?cation) predetermined 
times (Which may vary depending on the number of con 
stituent elements in experiments but be usually approxi 
mately 4 to 5 times) in an argon atmosphere of about 40 kPa 
With scrupulous care to elevate a uniformity and the result 
ant homogeniZed ingot is then maintained at a temperature 
region just loWer than the melting point of its melt for a 
predetermined time to accomplish the heat treatment. 

[0058] Since a temperature region at Which BCC forms are 
produced is present at an area just beloW the melting 
temperature oWned by an alloy having a target composition 
as shoWn in the above FIG. 2 (phase diagram), the heat 
treatment may be preferably effected at such a temperature 
region at Which the BCC is produced and just beloW the 
melting temperature. For example, in the aforementioned 
composition containing about 60 at % of element Cr, the 
heat-treatment is preferably effected by retaining the molten 
alloy at about 1400° C. It is also preferable to select a 
suitable heat-treating temperature from temperature areas at 
Which a target alloy is produced in the form of BCC and just 
beloW the melting temperature of the target alloy, depending 
on its alloy composition. Among heat-treating temperature 
areas at Which the BCC is produced, it should be noted that 
a loW treatment temperature is unpreferable because the 
hydrogen storage capacity Will be deteriorated due to the 
generation of heteromorphic phases and it Will take a longer 
time to accomplish the heat-treatment. Therefore, by taking 
the foregoing points into account, it is preferable to select a 
heat-treating temperature just loWer than the melting tem 
perature of the alloy, preferably a temperature Where the 
ratio of the heat-treating process temperature (T) to the alloy 
melting point (Tm), T/Tm, is from 0.8 to 1.0. 

[0059] When a heat-treating time is too short, it Will be 
impossible to accomplish the formation of suf?cient BCC 
structure phases, and When it is too long, the hydrogen 
storage capacity Will be deteriorated due to the precipitation 
of heteromorphic phases according to the long-time heating. 
Accordingly, the operation period can be suitably selected 
on the basis of a selected heat-treating temperature, but it 
may be preferably Within a range of from 1 min to 1 hour. 

[0060] In the embodiments, after melting ingots, alloys per 
se are subjected to the aforementioned heat treatment With 








