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(57) ABSTRACT 

According to the invention, hydrogen absorbed in a PCT 
curve loW pressure region not desorbed and utilized so far 
can be desorbed easily by controlling a hydrogen storage 
alloy temperature in the ?nal stage of a hydrogen desorption 
process (T2) to a temperature higher than the hydrogen 
storage alloy temperature in the hydrogen absorption pro 
cess (T0) and a hydrogen storage alloy temperature in the 
initial stage of the hydrogen desorption process (T1) 
(T2>T1§T0). 
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FIG. 4 
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FIG. 5 
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FIG. 7 
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METHOD OF ABSORPTION-DESORPTION OF 
HYDROGEN STORAGE ALLOY AND HYDROGEN 
STORAGE ALLOY AND FUEL CELL USING SAID 

METHOD 

TECHNICAL FIELD 

[0001] The present invention concerns a hydrogen absorp 
tion and desorption method of repeating pressurization and 
depressuriZation of hydrogen to a hydrogen storage alloy. 
More speci?cally, the present invention relates to a body 
centered cubic hydrogen storage alloy having tWo-stage 
plateau characteristics or inclined plateau characteristics. 
Particularly, the present invention relates to a hydrogen 
absorption and desorption method of increasing the amount 
of desorbed hydrogen Within a practical pressure range and 
temperature range, a hydrogen storage alloy suitable to the 
absorption and desorption method, as Well as a fuel cell 
using the hydrogen absorption and desorption method 
described above. 

BACKGROUND ART 

[0002] At present, along With increase in the amount of 
use of fossil fuels such as petroleum, there are fears of acid 
rains caused by NOx (nitrogen oxides) and also global 
warming due to increasing CO2. Since such environrnental 
disruption gives severe problems, intense attention has been 
attracted to the development and practical use of various 
clean energies gentle to the earth. One of neW energy 
development is a practical use of hydrogen energy. Hydro 
gen is a constituent element of Water present in?nitely on the 
earth Which can be formed by using various prirnary ener 
gies, as Well as it can be used as a ?uid energy instead of 
existent petroleurn With no Worry of environmental disrup 
tion since combustion products of hydrogen consists only of 
Water. Further, different from electric poWer, it has excellent 
characteristics such as relatively easy storage thereof 

[0003] Accordingly, studies on hydrogen storage alloys as 
storage and transportation media of hydrogen have been 
made vigorously in recent years, and practical use therefor 
has been expected. The hydrogen storage alloys are metals 
and alloys capable of absorbing and desorbing hydrogen 
under appropriate conditions. By the use of the alloys, 
hydrogen can be stored at a loWer pressure and at a higher 
density compared with existent hydrogen reservoirs and the 
volurnic density thereof is substantially equal With or higher 
than liquid hydrogen or solid hydrogen. 

[0004] For the hydrogen storage alloys, body-centered 
cubic structures such as V, Nb, Ta, or CrTiMn system and 
CrTiV systern (hereinafter referred to as “BCC”) have been 
mainly studied as proposed, for example, in Japanese Patent 
Laid-Open Hei 10-110225. It has been knoWn that such 
alloys absorb rnore hydrogen compared with ABS type 
alloys such as LaNi5 or AB2 type alloys such as TiMn2 put 
to practical use at present. This is because the BCC type 
alloys have a lot of hydrogen absorbing sites and H/M is as 
high as about 2 (H: absorbed hydrogen atoms, M: alloy 
constituent elements. About 4.0 Wt % in V having an atom 
Weight of about 50). 

[0005] It has been knoWn that the BCC type alloys having 
relatively large hydrogen absorbing arnount take place tWo 
step reactions in the course of hydrogen absorption to form 
hydrides as shoWn by Reilly and R. H. WisWall, in Inorg. 
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Chem. 9 (1970), 1678. For example, V reacts With hydrogen 
at an ambient temperature and forms tWo kinds of hydrides 
depending on the pressure of hydrogen. At ?rst, in the initial 
stage of the reaction Where the hydrogen pressure is at a loW 
pressure, an extremely stable hydride is formed as VQVHQ8 
(O. phase—>[3 phase) (hereinafter referred to as “loW pressure 
plateau area”), and the reverse reaction is scarcely taken 
plate near the room temperature. When the hydrogen pres 
sure is further applied, it forms a hydride as: VHO_8QVH2_O1 
([3 phase—>y phase: referred to as high pressure plateau area). 
Since the equilibrium pressure of hydrogen in this reaction 
is at an appropriate pressure of about several atrn near the 
room temperature, the V-containing BCC alloys have been 
studied vigorously as hydrogen storage alloys of high capac 
ity. 

[0006] FIG. 1 shoWs vacuurn PCT curves at 313K of a 

Ti—Cr-xV (Ti/Cr=Z/3, X=20-100) body-centered cubic alloy. 
The loW pressure plateau observed at a hydrogen pressure of 
0.1 Pa to 10 Pa in FIG. 1 tends to appear on the side of 
higher pressure as the addition amount of V is smaller. FIG. 
2 shoWs high pressure PCT curves for the same specirnen. A 
?at area near 106 Pa in FIG. 2 is a high pressure plateau area 
and the high pressure plateau area shifts to loWer pressure 
side as the addition amount of V is smaller. Further, from 
FIG. 1 and FIG. 2, it is also con?rrned that Ti—Cr—V 
systern alloys shoW tWo-stage plateaus. FIG. 3 is a PCT 
curve for a Ti4OCr58Mo2 alloy Which is plotted for the 
pressure range from 1 Pa to 10 MPa, and an inclined plateau 
is observed in a loW pressure region. FIG. 4 is an XRD chart 
for the alloy and it has been con?rrned that a BCC rnono 
phase is formed by quenching from 1420° C. in iced Water. 
The inclined area betWeen the inclined plateau area of the 
loW pressure region and the high pressure plateau areas is a 
region in accordance With the Sievert’s laW. In addition to V, 
Nb is also a metal having tWo-stage plateaus (loW pressure 
phase NbH and high pressure phase NbH2). Further, Ti 
shoWs tWo-stage plateaus transforrning as OLQBQY, this 
being a high temperature operation. Further, FeTi is an 
interrnetallic compound having tWo-stage plateaus that oper 
ates near 40° C. Further, alloys such as (Zr, Ti)V2 alloys 
shoW inclined plateaus and such alloys are also used as 
hydrogen storage alloys. Further, the hydrogen storage 
alloys shoWing the tWo-stage plateau or the inclined plateau 
have a feature that the PCT characteristic curve is in contact 
With three or more parallel lines, or a feature of having three 
or more knick points in the PCT curve Within the pressure 
range from a loW pressure of 1 Pa or less to 10 MPa. For 
example, in the Ti4OCr58Mo2 alloy shoWn in FIG. 3, it can 
be easily con?rrned that the PCT curve is in contact With 
four parallel lines and also has four knick points each shoWn 
by an arroW. On the contrary, the PCT characteristic curves 
of existent ABS type alloys such as an LaNi5 alloy are in 
contact With tWo parallel lines and have tWo knick points. 

[0007] The prior art Which is considered to be based on the 
idea for attaining a hydrogen storage alloy of high capacity 
by the tWo-stage plateau and inclined plateau characteristics 
described above includes the folloWings; (a) a spinodal 
curve decornposition structure is developed in a Ti alloy of 
a body-centered cubic structure (JP-A No. 10-110225), (b) 
Cu and/or rare earth element is added to Ti—Cr—V systern 
alloys (J P-B No. 4-77061), (c) a molten Ti alloy is quenched 
to form a BCC rnono-phase at a room temperature (JP-A No. 
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10-158755), and (d) a lattice constant of a BCC alloy 
comprising Ti—Cr as a main element is controlled (JP-A 
No. 7-252560). 

[0008] Among the hydrogen absorption and desorption 
methods described above, JP-A No. 10-110225 and JP-A 
No. 7-252560 include descriptions regarding hydrogen 
absorbing and desorbing temperature. Each of the methods 
conducts hydrogen absorption and desorption at a constant 
temperature. In the latter JP-A No. 7-252560, the activating 
pre-treatment is conducted in tWo steps, that is, a pre-stage 
at loW temperature and post stage but the absorbing and 
desorbing temperature is constant (20° C.). A method of 
absorbing hydrogen to a hexagonal system Ti—Cr—V sys 
tem alloy Which is not a BCC alloy and heating at 100° C. 
(column 4, lines 32-39) in JP-B No. 59-38293 is also an 
absorption and desorption method at a constant temperature. 

[0009] On the other hand, application use utiliZing hydro 
gen described above includes fuel cells. Since the fuel cells 
have higher poWer generation efficiency compared With 
thermal poWer generation, they have been studied vigor 
ously and remarkable improvement for the poWer generation 
ef?ciency in the feature has been expected. As the fuel for 
the fuel cell, hydrogen in natural gas or methanol, etc. is 
utiliZed. Since the fuel cells using hydrogen as the fuel are 
simple in the structure and exhibit excellent performance, 
alkali electrolyte type and solid polymeric ?lm type fuel 
cells With a poWer of about 10 kW have been used as energy 
sources for mobile engines such as satellites, deep-sea 
vessels, and electric automobiles. Further, application in a 
general range is expected, for example, as portable fuel cells 
and poWer sources for use in portable equipments. 

[0010] In the hydrogen storage alloy having the tWo-stage 
plateau characteristics such as the V-containing BCC alloys 
described above Which have been generally studied as 
hydrogen storage alloys of high capacity, since the hydrogen 
absorbing reaction in a loW pressure plateau area proceeds 
only to the side reacting With hydrogen at a room tempera 
ture, it Was not practiced so far to take out hydrogen 
absorbed in the loW pressure plateau area and use it as 
effective hydrogen. Generally, it is said that the amount of 
hydrogen taken out of body-centered cubic hydrogen storage 
alloys including pure V and pure Nb is extremely small 
relative to the theoretical amount (NeW edition, Hydrogen 
Storage Alloy—Physical Property and Application Use 
Thereof—Written by Yasuaki Osumi, published from Agne 
Techno Center (neW edition, ?rst print, Feb. 5, 1992), pages 
340-341). 
[0011] In ABS type alloys such as LaNi5 or BCC type 
alloys put to practical use at present, the equilibrium pres 
sure With hydrogen can be controlled by controlling the 
alloy ingredients. Further, While the equilibrium pressure of 
hydrogen storage alloy With hydrogen can be controlled by 
the operation temperature, the existent development for 
alloys lacks in the technical idea of effectively utiliZing the 
hydrogen absorbing characteristics in the loW pressure area 
of the PCT characteristic curve. That is, for increasing the 
capacity of absorbed hydrogen in the BCC type hydrogen 
storage alloys, While it is considered effective that hydrogen 
in the reaction betWeen 0t phaseQB phase, that is, in the loW 
pressure area of the PCT characteristics curve (reaction of 
VQVHM, for example, for V), in addition to the [3 phase 
region (region betWeen the loW pressure plateau area and the 
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high pressure plateau area in accordance With the Sievert’s 
laW) of BCC type alloys is concerned With the absorption 
and desorption reaction, but the method has not yet been 
disclosed. 

[0012] Accordingly, the present invention intends to pro 
vide a hydrogen absorption and desorption method capable 
of absorbing and desorbing more hydrogen by effectively 
utiliZing not only the reaction betWeen 0t phase—>[3 phase but 
also hydrogen therebetWeen, that is, in the loW pressure 
region of the PCT curve, for pure V and pure Nb or solid 
solubiliZed materials shoWn hydrogen absorbing/desorbing 
reactivities similar to those of the pure V and Nb materials, 
as Well as solid solubiliZed BCC alloys such as Ti—Cr based 
alloys exhibiting the tWo-stage plateau characteristics or 
inclined plateau characteristics, alloys suitable to the method 
described above, as Well as a fuel cell using the method and 
the method of using the same. 

DISCLOSURE OF THE INVENTION 

[0013] The hydrogen absorption and desorption method 
according to the present invention for solving the subject 
described above is a method of absorbing and desorbing 
hydrogen by repeating pressuriZation and depressuriZation 
of hydrogen properly for a body-centered cubic hydrogen 
storage alloy exhibiting tWo-stage plateau characteristics or 
inclined plateau characteristics in Which a hydrogen storage 
alloy temperature in the ?nal stage of a hydrogen desorption 
process (T2) is controlled to a temperature higher than a 
hydrogen storage alloy temperature in the hydrogen absorp 
tion process (T0) and a hydrogen storage alloy temperature 
in the initial stage of the hydrogen desorption process (T1) 
(T2>T1§T0). The tWo-stage plateau characteristic or the 
inclined plateau characteristics speci?cally mean that a PCT 
curve shoWing equilibrium characteristics of reaction 
betWeen the hydrogen storage alloy and hydrogen is in 
contact With three or more parallel lines, or the PCT curve 
has three or more knick points. The measuring range for the 
PCT curve referred to herein is a range from a loW pressure 
of 0.1 Pa or less to a high pressure of about 10 MPa. 

[0014] Further, the hydrogen storage alloy of the invention 
has tWo-stage plateau characteristics or inclined plateau 
characteristics in the PCT curve Wherein hydrogen utiliZable 
effectively can be increased by making the loW pressure 
region of the PCT curve instable. 

[0015] According to the features described above, hydro 
gen absorbed in the loW pressure region of the PCT curve 
that Was neither desorbed nor utiliZed in the prior art can be 
desorbed easily and can be taken out as utiliZable hydrogen 
by making the hydrogen storage alloy temperature in the 
?nal stage of the desorption process to a high tempera 
ture and, as a result, the amount of hydrogen utiliZable in the 
hydrogen storage alloy can be increased. 

[0016] In the Ti—Cr—V alloy of FIG. 1, the plateau 
stability in the loW pressure region varies depending on the 
addition amount of V. That is, in an alloy having a loW 
pressure plateau or an inclined plateau in a loW pressure 
region of a PCT curve, hydrogen present in the loW pressure 
region of the PCT curve can be made into an effectively 
utiliZable form by changing the composition. A portion of 
hydrogen in the loW pressure region of the PCT curve Which 
is rendered instable can be utiliZed effectively by making the 
temperature in the desorption process (T2) higher than the 
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temperature in the hydrogen absorption process (T0) in this 
state. FIG. 5 shoWs vacuum PCT curves of specimens 
obtained by keeping a Ti24Cr36V4O alloy at 1673K for one 
hour and then rapidly quenching the same in iced Water. 
When comparing a vacuum PCT curve measured at an 
environmental temperature of 368K With a vacuum PCT 
curve measured at 313K, it can be seen that the residual 
amount of hydrogen in the hydrogen storage alloy can be 
decreased for an identical hydrogen pressure as the dehy 
drogenation temperature is higher. At 0.01 MPa attainable 
by evacuation of a rotary pump, the amount of hydrogen can 
be decreased by 0.12% by Weight by dehydrogenation at 
368K compared With the case of dehydrogenation at 313K 
At a further loWer hydrogen pressure, since the effect of 
instabiliZing the plateau becomes remarkable and the 
amount of hydrogen can be decreased more, more hydrogen 
can be absorbed in the hydrogen absorption process. In 
comparison, in a case of an LaNi5 based alloy having no loW 
pressure plateau, increment of hydrogen by temperature 
elevation is at most about 0.05 Wt % at 0.01 MPa and, at a 
further loWer hydrogen pressure, the amount of effectively 
utiliZable hydrogen is decreased further (FIG. 6). 

[0017] The hydrogen storage alloy temperature in the 
initial stage of the desorption process (T1) is made loWer 
than the hydrogen storage alloy temperature in the ?nal 
stage of the desorption process (T2) (T2>T1), in order to 
suppress the cycle deterioration on the effective hydrogen 
absorbing capacity of the alloy. T1 is sometimes controlled 
to higher than the hydrogen storage alloy temperature in the 
absorption process (T0) in order to control the hydrogen 
desorption rate of the alloy, and the amount of utiliZable 
hydrogen can also be increased in this case by setting as: 
T2>T1 in the ?nal desorption process. Temperature eleva 
tion conducted only in the initial stage of hydrogen desorp 
tion or only temporarily has an effect of increasing the 
hydrogen desorbing rate but the amount of effectively uti 
liZable hydrogen is not increased. For increasing the amount 
of effectively utiliZable hydrogen, it is effective to elevate 
the temperature in the ?nal stage of the hydrogen desorption 
process. The ?nal stage of the hydrogen desorption process 
is at or after any instance Where the residual amount of 
hydrogen in the hydrogen storage alloy is reduced to 50% or 
less, more preferably, 25% or less, and temperature elevation 
in the ?nal stage of the process is effective for the suppres 
sion of the cycle deterioration. 

[0018] Since it is more practical as the hydrogen absorbing 
alloy temperature in the hydrogen desorption process T1 is 
nearer to the room temperature, it is preferred that 
T1 2 373K. 

[0019] The hydrogen storage alloys suitable to applica 
tions of the hydrogen absorption and desorption method of 
the invention and capable of obtaining a large amount of 
effective hydrogen absorption capacity are body-centered 
cubic alloys represented by the general formula: TiXCrYMZ 
in Which M is one or more members selected from elements 

belonging to the groups IIa, IIIa, IVa, Va, VIa, VIIa, VIII, 
IIIb, IVb of the periodical table, in 20§X+Y§100 atomic 
%, 0.5éY/Xé2 and 0<§80 atomic %, and including inevi 
tably intruded oXygen or nitrogen and inevitably forming 
minimum spinodal decomposition phase. Addition of one or 
more members selected from the elements belonging to the 
groups IIa, IIIa, IVa, Va, VIa, VIIa, VIII, IIIb, IVb of the 
periodical table to a Ti—Cr binary alloy gives an effect of 
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not only stabiliZing the body-centered cubic structure but 
also of instabiliZing the PCT curve loW pressure area. In this 
alloy, the Cr/T i ratio is de?ned as 0.5 éY/Xé2, because the 
plateau pressure is greatly deviated from a normal pressure 
if the rate is out of the range described above, Which is not 
practical. Particularly, since oXygen deteriorates the effec 
tive absorption amount of hydrogen, it is preferably as less 
as possible. Further, since the effective absorption amount of 
hydrogen is decreased When the spinodal decomposition 
phase is formed, loWering of the absorption amount can be 
suppressed by not applying a heat treatment that tends to 
cause spinodal decomposition or shortening the treating 
time. 

[0020] When the alloy is set as a body-centered cubic 
hydrogen storage alloy comprising V at 60 atomic % or less, 
and/or Mo, Al, Mn and/or rare earth elements at 10 atomic 
% or less for the constituent M, 2.5% by Weight or more 
effective absorption amounts of hydrogen can be obtained in 
method determined original point on evaccuation, and the 
hydrogen absorption and desorption method of the invention 
can be utiliZed more ef?ciently. 

[0021] On the other hand, according to the measurement 
by method determined original point on evaccuation, the 
effective absorption amount of hydrogen in the prior art 
alloys remains at about 2% by Weight. While BCC mono 
phase can be formed Within a compositional V range from 
5 to 100 atomic %, since the stability of VHO_8 formed as a 
hydride product of pure V is remarkably loWered by loW 
ering the amount of admiXed V to 60% or less, effective 
utiliZation of hydrogen in the PCT curve loW pressure region 
is facilitated. Further, since V is an expensive element as 
Well, an eXcess amount of admiXed V over 60 atomic % Will 
lead to difficulty in practical use. 

[0022] Among the additive elements described above, Mo, 
Al, and Mn serve stabiliZers for the BCC phase by the 
addition of a small amount and have an effect of suppressing 
the formation of a Laves phase that deteriorates the absorp 
tion amount of hydrogen, thereby increasing the effective 
absorption amount of hydrogen. When the addition amount 
of Mo, Al, Mn, and rare earth elements eXceeds 10%, the 
hydrogen absorption amount is decreased remarkably, so 
that the elements are preferably contained at 10% or less. 
FIG. 7 shoWs high pressure PCT curves of Ti27Cr43_XM 
nXV3O (in Which X=10, 15, 20 atomic %) BCC alloy 
measured at 40° C. by method determined original point on 
evaccuation. As shoWn in the graph, When the Mn addition 
amount is 10 atomic %, the effective hydrogen absorption 
amount shoWs a satisfactory value as 2.6% by Weight but as 
the Mn addition amount is increased to 15% and 20%, the 
effective absorption amount of hydrogen loWers remarkably 
to a value less than 2% by Weight. The effective absorption 
amount of hydrogen of the alloy in Which the addition 
amount of V is changed to 20 atomic % and controlled to 
shoW a plateau near the normal pressure is substantially 
equal With a case Where the addition amount of V is 30 
atomic % and it is considered that the effective absorption 
amount of hydrogen depends on the addition amount of Mn. 
The trend is identical also for Mo, Al and rare earth 
elements. In a case of utiliZing starting materials at a loW 
purity, since the rare earth elements act as a getter for oXygen 
or the like intruded as impurities, addition of the rare earth 
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elements by a small amount is also effective for suppressing 
deterioration by oxygen and maintaining high characteris 
tics. 

[0023] On the other hand, the fuel cell according to the 
present invention has a feature comprising a hydrogen 
storage tank incorporating a hydrogen storage alloy having 
tWo-stage plateau characteristics or inclined plateau charac 
teristics, a temperature control device for elevating or cool 
ing the temperature of the hydrogen storage alloy directly or 
the atmospheric temperature of the absorption alloy, a fuel 
cell capable of outputting electric poWer via chemical 
change of hydrogen supplied from the hydrogen storage tank 
and a control section for controlling such that a hydrogen 
absorption alloy temperature in the ?nal stage of hydrogen 
desorption process is made to a temperature higher than 
a hydrogen storage alloy temperature in a hydrogen absorp 
tion process (T0) and a hydrogen storage alloy temperature 
in the initial stage of the hydrogen desorption process (T1) 
(T2>T1§T0). According to the feature, since the tempera 
ture of the hydrogen storage alloy in the ?nal stage of the 
hydrogen desorption process (T2) is made higher than the 
temperature in the hydrogen absorption process (T0), hydro 
gen absorbed in the PCT curve loW pressure region Which 
Was neither desorbed from the hydrogen storage alloy nor 
utiliZed in the prior art can be taken out as a utiliZable 
hydrogen and the electric poWer obtained from the fuel cell 
can be increased. Further, since the temperature T2 is made 
higher than the hydrogen storage alloy temperature in the 
initial stage of the hydrogen desorption process (T1) the life 
of the fuel cell can be increased. 

[0024] In the fuel cell according to the invention, it is 
preferred that the control section can properly control the 
pressure, temperature and How rate of the hydrogen gas 
supplied to the hydrogen storage tank and the fuel cell. With 
the constitution described above, by controlling the pressure, 
the temperature and the How rate of the hydrogen gas, the 
amount of electric poWer generation in the fuel cell can be 
properly controlled depending on the load and the utiliZation 
ef?ciency of hydrogen used in the fuel cell can be improved. 

[0025] In the fuel cell according to the invention, it is 
preferred that the temperature control device described 
above can utiliZe the heat dissipated from the fuel cell or the 
heat of exhaust gases exhausted from the fuel cell for the 
temperature elevation. With the constitution described 
above, since the dissipated heat or discharged heat from the 
fuel cell can be utiliZed for the temperature elevation of the 
hydrogen storage alloy, electric poWer, etc. are no more 
required for the temperature elevation of the hydrogen 
storage alloy, Which can improve the ef?ciency in the overall 
hydrogen fuel cell. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 is vacuum PCT curves for a Ti—Cr—VX 
(Ti/Cr=Z/3, X=20-100) alloy. 
[0027] FIG. 2 is high pressure PCT curves for a Ti—Cr— 
VX (Ti/Cr=Z/3, X=20-100) alloy. 
[0028] FIG. 3 is a PCT curve of a Ti4OCr58Mo2 alloy and 
four parallel lines and knick points. 

[0029] FIG. 4 is an XRD chart for a Ti4OCr58Mo2 alloy. 

[0030] FIG. 5 is vacuum PCT curves for a specimen of a 
Ti24Cr36V4O alloy after keeping at 1673K for 1 hour and 
quenching in iced Water. 
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[0031] FIG. 6 is PCT curves for an LaNi5 alloy. 

[0032] FIG. 7 is high pressure PCT curves for a Ti27Cr43_ 
XMIIXV3O (X=10, 15, 20 atomic %) BCC alloy measured by 
method determined original point on evaccuation. 

[0033] FIG. 8 is an XRD charts for a Ti39Cr575M025La1 
alloy, a Ti395Cr56Mo25Al1La1 alloy and a 
Ti355Cr505M02MI15V7 alloy. 
[0034] FIG. 9 is 
Ti39Cr575Mo25La1 alloy. 
[0035] FIG. 10 is high pressure PCT graphs for a 
Ti395Cr575Mo25La1 alloy, a Ti395Cr56Mo25Al1La1 alloy 
and a T135_5Cr5O_5Mo2Mn5V7 alloy. 

[0036] FIG. 11 shoWs dependence of the hydrogen 
absorption amount of a Ti39Cr575Mo25La1 alloy, a 
Ti395Cr56Mo25Al1La1 alloy and a Ti35_5Cr5O_5Mo2Mn5V7 
alloy on the number of cycle tests. 

[0037] FIG. 12 is a system How chart shoWing an embodi 
ment of a fuel cell according to the invention. 

[0038] FIG. 13 is a model vieW shoWing a mechanism of 
forming electric poWer in a fuel cell used for the fuel cell 
according to the invention. 

vacuum PCT graphs for a 

BEST MODE FOR PRACTICING THE 
INVENTION 

[0039] Embodiments of the present invention are to be 
described With reference to the draWings. 

EXAMPLE 1 

[0040] This example shoWs possibility for excellent 
absorption amount and effective suppression of cycle dete 
rioration, by using a body-centered cubic hydrogen storage 
alloy having an inclined plateau in a PCT curve loW pressure 
region and controlling a hydrogen storage alloy temperature 
in the ?nal stage of a hydrogen desorption process to a 
temperature higher than a hydrogen storage alloy tempera 
ture in the hydrogen absorption process (T0) and a hydrogen 
storage alloy temperature in the initial stage of the hydrogen 
desorption process (T1) (T2>T1§T0). 
[0041] After Weighing commercially available starting 
materials, the mixtures Were subjected to arc melting in 
argon With a Water cooled copper hearth to prepare a 

Ti39Cr575Mo25La1 alloy, a Ti395Cr56Mo25Al1La1 alloy and 
a Ti35_5Cr5O_5Mo2Mn5V7 alloy each by 25 g. After coarsely 
pulveriZing the alloys With a stamp mill, they Were kept at 
1723K for 10 min and then quenched in iced Water. The 
phase appearing in the quenched alloy specimens Were 
identi?ed by an X-ray diffraction apparatus manufactured by 
ShimaZu, Japan. High pressure PCT characteristics and 
vacuum PCT characteristics Were measured by using PCT 
characteristic measuring apparatus manufactured by SuZuki 
Shokan. A cycle test Was conducted also by the PCT 
characteristic measuring apparatus. 

[0042] FIG. 8 shoWs XRD charts for specimens after 
quenched in iced Water. All the prepared specimens had 
BCC mono-phase. FIG. 9 shoWs vacuum PCT characteris 
tics of a Ti39Cr575Mo25La1 alloy. When the temperature 
Was elevated from 40° C. to 100° C., instabiliZation of the 
inclined plateau in the loW pressure region Was con?rmed. 
FIG. 10 shoWs high pressure PCT characteristics before the 
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cycle test of the Ti39_5Cr57_5Mo2_5La1 alloy, a 
Ti395Cr56Mo25Al1La1 alloy and a Ti35_5Cr5O_5Mo2Mn5V7 
alloy. Presence of the phase stabilized at loW pressure is 
con?rmed by FIG. 9. In vieW of the drawings, it can be 
easily con?rmed that the PCT curve is in contact With three 
or more parallel lines and has three or more knick points. 
Table 1 shoWs the dependence on the dehydrogenation 
temperature of the hydrogen absorption amount by method 
determined original point on evaccuation of the 
Ti39Cr575Mo25La1 alloy, a Ti395Cr56Mo25Al1La1 alloy and 
a Ti35_5Cr5O_5Mo2Mn5V7 alloy. 

TABLE 1 

Hydrogen absorption amount 
(method determined 

original point 
on evaccuation 

Alloy composition 400 C. 1000 C. 

Invention Ti39Cr575Mo25La1 2.68 2.88 
Ti35_5Cr5U_5Mo2Mn5V7 2.72 2.91 
Ti39Cr5-,_5Mo2_5Al1La1 2.61 2.83 

Comparative LaNi4_5AlU_5 1.41 1.42 
Example 

[0043] As described above, BCC type hydrogen storage 
alloys shoW large effective absorption amount of hydrogen 
and the absorption amount can be increased further by 
desorption at higher temperature. Compared With compara 
tive example LaNiS, it can be seen that the effect of utiliZing 
the temperature difference of the alloy according to the 
invention is remarkably large. 

[0044] Then, a cycle test Was conducted on the alloys by 
using a high pressure PCT characteristic evaluation appara 
tus. The hydrogen absorption process Was set at 40° C. in all 
of the cases. In the comparative example, desorption Was 
conducted at 100° C. throughout the process of desorption 
and only the ?nal stage of the desorption process Was set at 
100° C. in the invention. FIG. 11 is a graph shoWing relation 
betWeen the number of the cycle test and the absorption 
amount of hydrogen for a Ti39Cr575Mo25La1 alloy, a 
Ti395Cr56Mo25Al1La1 alloy and a Ti35_5Cr5O_5Mo2Mn5V7 
alloy. It can be seen that the result shoWn by solid lines in 
Which the temperature Was elevated to 100° C. only in the 
?nal stage of the desorption process shoWs more excellent 
cycle characteristics over that by broken lines Where tem 
perature Was set to 100° C. throughout the period of des 
orption Further, Table 2 shoWs relation betWeen the desorp 
tion temperature control and cycle deterioration for a 
Ti39Cr575Mo25La1 alloy, a Ti395Cr56Mo25Al1La1 alloy and 
a Ti35_5Cr5O_5Mo2Mn5V7 alloy. 

TABLE 2 

Hydrogen absorption amount after 100 cycles 

1000 C. throughout 1000 C. in the ?nal stage 
Alloy composition desorption of desorption 
(atomic %) (Comp. Example) (Invention) 

Ti39Cr575Mo25La1 81.5% 92.2% 
Ti35_5Cr5D_5Mo2Mn5V7 80.7% 89.0% 
Ti39Cr575Mo25Al1La1 82.4% 91.8% 

(initial value of hydrogenabsorption amount: 100%) 
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[0045] As described above, cycle deterioration can be 
suppressed by controlling the temperature in the ?nal stage 
of the desorption process is higher than that in the initial 
stage of the desorption process. Accordingly, it can be seen 
that large effective absorption amount of hydrogen can be 
attained and cycle deterioration can be suppressed by effec 
tively utiliZing hydrogen in the PCT curve loW pressure 
region using the invention. 

EXAMPLE 2 

[0046] This example shoWs a constitutional vieW of a fuel 
cell having a feature comprising hydrogen storage tank 
incorporating a hydrogen storage alloy, a temperature con 
trol device for elevating or cooling the temperature of the 
hydrogen storage alloy directly or the atmospheric tempera 
ture of the absorption alloy, a fuel cell capable of outputting 
electric poWer by chemical change of hydrogen supplied 
from the hydrogen storage tank and a control section for 
controlling such that a hydrogen absorption alloy tempera 
ture in the ?nal stage of hydrogen desorption process (T2) is 
made to a temperature higher than a hydrogen storage alloy 
temperature in a hydrogen absorption process (T0) and a 
hydrogen storage alloy temperature in the initial stage of the 
hydrogen desorption process (T1) (T2>T1§T0), and a 
method of increasing the amount of electric poWer obtained 
by the fuel cell and suppressing cycle deterioration. 

[0047] FIG. 12 shoWs a system How chart shoWing an 
embodiment of a fuel cell according to the present invention. 
A hydrogen fuel tank 4 is a tank for supplying hydrogen to 
a fuel cell to be described later and the tank is incorporated 
With a body-centered cubic hydrogen storage alloy having 
tWo-stage plateau characteristics or inclined plateau charac 
teristics. The tank is provided With a solenoid valve V11 for 
introducing starting hydrogen, as Well as a solenoid valve 
V1 for supplying hydrogen to the fuel cell and a solenoid 
valve V2 for recovering the hydrogen returned from the fuel 
cell to the tank disposed betWeen the tank and the fuel cell 
1, and they are adapted to supply hydrogen by a pump P2. 
Further, pressure valves B1 and B2 and How meters PM are 
provided in the course of the pipeline for controlling the 
pressure and the How rate of hydrogen, and the entire system 
is controlled, including temperature by the control device 3. 
A heat exchanger 5 controlled by the control device is 
utiliZed for temperature elevation and temperature loWering 
of a hydrogen storage alloy. In the heat exchanger 5, heat 
exchange is conducted betWeen exhausted heat possessed in 
steams at a relatively high temperature exhausted from the 
fuel cell 1 and cold Water as a cold temperature medium and 
temperature sensors TS1-TS3 or the How meters FM and the 
pumps are controlled to control the temperature to an aimed 
level. From the fuel cell 1, a DC poWer can be obtained by 
reaction betWeen oxygen and hydrogen and an inverter 2 for 
converting the DC poWer into a predetermined AC poWer is 
connected With the fuel cell. In an application use for 
supplying electric poWer to electronic equipments, a DC/DC 
converter may be connected instead of the inverter 2. LS in 
the draWing is a Water level sensor in an accumulation tank 
for accumulating Water formed When steams exhausted from 
the fuel cell are cooled by the heat exchanger 5. 

[0048] Then, the operation of the fuel cell of the invention 
is to be described. At ?rst, When a hydrogen reservoir at a 
high pressure is connected With a hydrogen supply port of 
the tank 4 and the solenoid valve V11 is opened, the 
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hydrogen fuel supplied into the tank and hydrogen is 
absorbed from the loW pressure region up to the high 
pressure region shoWn by the PCT curve for the hydrogen 
storage alloy incorporated in the tank. In this case, the pump 
5 is operated to send external air into the heat exchanger and 
a circulation pump 3 is controlled properly such that the 
temperature of the tank (T0) is 40° C. or loWer. When the 
absorption is completed, the solenoid valve V11 is closed. 

[0049] When the fuel cell is operated, signals from various 
kinds of sensors are received by the control device 3, 
opening/closure of the solenoid valves V1 and V2 and the 
pressure valves B1 and B2 are controlled to supply hydrogen 
to the fuel cell 1. In this step, control for supplying heat from 
the heat exchanger 5 is also conducted for controlling the 
rate of supplying hydrogen. In the invention, the alloy 
temperature in the ?nal stage of hydrogen desorption pro 
cess (T2) is controlled to higher than the alloy temperature 
in the initial stage of the hydrogen desorption process (T1), 
to effectively utiliZe hydrogen absorbed in the hydrogen 
storage alloy, particularly, hydrogen in the PCT curve loW 
pressure region. 

[0050] Hydrogen is thus supplied to the fuel cell 1 and, at 
the same time, oxygen is supplied from the oxygen electrode 
in Which oxygen and hydrogen are reacted to obtain electric 
poWer in the fuel cell. As shoWn in FIG. 13, the reaction 
provide electric poWer by using a reaction opposite to that 
formed by hydrogen and oxygen through electrolysis of 
Water When a DC current is applied to a Water incorporated 
With an electrolyte. Hydrogen molecules supplied from the 
hydrogen fuel tank 4 release electrons at the hydrogen 
electrode to form hydrogen ions and the electrons are 
transferred toWard the anode to obtain electric poWer. 

[0051] The hydrogen ions transfer through the electrolyte 
toWard the anode, accept electrons at the anode and return to 
hydrogen atoms, Which react With oxygen to form Water 
(steams), and exhaust gases containing steams at a relatively 
high temperature (about 70 to 90° C.) are formed by the heat 
of reaction. By controlling the exhaust gases to How into the 
heat exchange by Way of the valve, they can utiliZed as a 
heat source for heating. 

[0052] Upon starting of poWer generation, since hydrogen 
supplied from the hydrogen reservoir is hydrogen in the high 
pressure plateau region of the hydrogen storage alloy, and it 
is easily released, it can be utiliZed being controlled to a 
temperature near the hydrogen absorption temperature (T0). 
When the desorption of hydrogen continues and the hydro 
gen desorption from the high pressure plateau region of the 
hydrogen absorption alloy decreases, cold Water elevated for 
the temperature by Way of the heat exchanger 5 is supplied 
to the tank to start heating for the hydrogen storage alloy. 
Hydrogen absorbed in the PCT curve loW pressure region 
can noW be utiliZed effectively by the heating to greatly 
improve the poWer generation capacity of the fuel cell. 

[0053] Electric poWer obtained could be increased by 
about 14% compared With the case of desorption at a 
temperature constant at 20° C. by using the Ti39Cr57Mo3La1 
alloy for the hydrogen absorption tank, absorbing hydrogen 
at 20° C. and desorbing the same at 85° C. in the ?nal stage 
of desorption process. Further, the life of the tank at Which 
the absorption amount of hydrogen Was reduced to 90% of 
the initial value Was extended by about 30% compared With 
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a case of keeping the hydrogen storage alloy temperature in 
the desorption process (T2) constant at 85° C. from the 
initial stage. 

[0054] In this example, the upper limit for T2 Was de?ned 
at 90° C. since Water Was used as cold temperature medium 
but the invention is not limited only thereto and heating by 
a heater can also be utiliZed. In the same manner, it is also 
possible to utiliZe a coolant other than Water for cooling or 
utiliZe the method of enabling both cooling and heating, for 
example, by a Peltier device. 

1. A hydrogen absorption and desorption method for a 
hydrogen storage alloy Which comprises steps of absorbing 
and desorbing hydrogen by properly repeating hydrogen 
pressuriZation and depressuriZation to said hydrogen storage 
alloy being a body-centered cubic hydrogen storage alloy 
having tWo-stage plateau characteristics or inclined plateau 
characteristics Wherein a hydrogen storage alloy tempera 
ture in the ?nal stage of hydrogen desorption process (T2) is 
controlled to a temperature higher than a hydrogen storage 
alloy temperature in a hydrogen absorption process (T0) and 
a hydrogen storage alloy temperature in the initial stage of 
the hydrogen desorption process (T1) (T2>T1§T0). 

2. The hydrogen absorption and desorption method 
according to claim 1, Wherein the hydrogen storage alloy 
temperature in the ?nal stage of the hydrogen desorption 
process (T2) is 150° C. or loWer. 

3. The hydrogen absorption and desorption method 
according to claim 1 or 2, Wherein the process at or after the 
instance Where hydrogen in the hydrogen storage alloy is 
decreased to any residual amount of 50% or less in the 
hydrogen desorption process is de?ned as the ?nal stage for 
the hydrogen desorption process. 

4. The hydrogen absorption and desorption method 
according to any of claims 1 to 3, Wherein the process at or 
after the instance Where hydrogen in the hydrogen storage 
alloy is decreased to any residual amount of 25% or less in 
the hydrogen desorption process is de?ned as the ?nal stage 
for the hydrogen desorption process. 

5. A body-centered cubic hydrogen storage alloy for 
conducting absorption and desorption of hydrogen in the 
reaction betWeen the hydrogen storage alloy and hydrogen 
in Which a hydrogen storage alloy temperature in the ?nal 
stage of a hydrogen desorption process (T2) is controlled to 
a temperature higher than a hydrogen storage alloy tempera 
ture in the hydrogen absorption process (T0) and higher than 
a hydrogen storage alloy temperature in the initial stage of 
hydrogen desorption (T1) (T2>T1§T0) Wherein the hydro 
gen storage alloy has tWo-stage plateau characteristics or 
inclined plateau characteristics. 

6. The hydrogen storage alloy according to claim 5 
Wherein said hydrogen storage alloy has a composition 
represented by the general formula: TiXCrYMZ in Which M 
is one or more members selected from elements belonging 

to the groups IIa, IIIa, IVa, Va, VIa, VIIa, VIII, IIIb, and IVb 
of the periodical table, 20§X+Y<100 atomic %, 0.5 éY/ 
X22, 0<Z§80 atomic %, and includes inevitably intruded 
oxygen or nitrogen and minimum spinodal decomposition 
phase formed inevitably. 

7. The hydrogen storage alloy according to claim 6, 
Wherein the additive element M is V at 60 atomic % or less. 




