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HYDROGEN COOLED HYDRIDE STORAGE UNIT 

RELATED APPLICATION INFORMATION 

[0001] This application is a continuation of US. applica 
tion Ser. No. 09/465,904, ?led Dec. 17, 1999. 

FIELD OF THE INVENTION 

[0002] The instant invention relates generally to hydrogen 
storage units and more speci?cally to hydrogen gas cooled 
storage units. The storage unit includes corrugation through 
Which excess high ?oW rate hydrogen ?oWs, thereby trans 
ferring the heat of hydride formation from the storage 
material to the excess hydrogen and removing it from the 
storage unit. 

BACKGROUND OF THE INVENTION 

[0003] The instant patent application for the ?rst time, 
describes a hydrogen storage unit useful for a hydrogen 
based economy. The storage unit alloWs for fast and ef?cient 
cooling and/or heating thereof using gaseous hydrogen as a 
direct, convective heat transfer medium. The instant storage 
element makes it possible to ef?ciently and economically 
transfer heat betWeen subsystems of a complete infrastruc 
ture system. Such an infrastructure system (from “source to 
Wheel”), is the subject of copending US. application Ser. 
No. 09/444,810, entitled “A Hydrogen-based Ecosystem” 
?led on Nov. 22, 1999 for Ovshinsky, et al. (the ’810 
application), Which is hereby incorporated by reference. 
This infrastructure, in turn, is made possible by hydrogen 
storage alloys that have surmounted the chemical, physical, 
electronic and catalytic barriers that have heretofore been 
considered insoluble. These alloys are fully described in 
copending US. patent application Ser. No. 09/435,497, 
entitled “High Storage Capacity Alloys Enabling a Hydro 
gen-based Ecosystem”, ?led on Nov. 6, 1999 for Ovshinsky 
et al. (“the ’497 application”), Which is hereby incorporated 
by reference. The ’497 application relates generally and 
speci?cally to alloys Which solve the, up to noW, unan 
sWered problem of having suf?cient hydrogen storage 
capacity With exceptionally fast kinetics to permit the safe 
and ef?cient storage of hydrogen to provide fuel for a 
hydrogen based economy, such as poWering internal com 
bustion engine and fuel cell vehicles. In the ’497 application 
the inventors for the ?rst time disclosed the production of 
Mg-based alloys having both hydrogen storage capacities 
higher than about 6 Wt. % and extraordinary kinetics. This 
revolutionary breakthrough Was made possible by consid 
ering the materials as a system and thereby utiliZing chemi 
cal modi?ers and the principles of disorder and local order, 
pioneered by Stanford R. Ovshinsky, in such a Way as to 
provide the necessary catalytic local order environments, 
such as surfaces and at the same time designing bulk 
characteristics for storage and high rate charge/discharge 
cycling. In other Words, these principles alloWed for tailor 
ing of the material by controlling the particle and grain siZe, 
topology, surface states, catalytic activity, microstructure, 
and total interactive environments for storage capacity. 

[0004] The combination of the ’810 and the ’497 appli 
cations solves the tWin basic barriers Which have held back 
the use of the “ultimate fuel,” namely hydrogen storage 
capacity and a hydrogen infrastructure. With the use of the 
alloys of the ’497 application, hydrogen can be shipped 
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safely by boats, barges, trains, trucks, etc. When in solid 
form. HoWever, the infrastructure of the ’810 application 
requires thermal management and ef?cient heat utiliZation 
throughout the entire system. The instant invention makes 
the necessary heat transfer betWeen the subsystems of the 
infrastructure simple, ef?cient, and economic. 

[0005] As the World’s population expands and its 
economy increases, the atmospheric concentrations of car 
bon dioxide are Warming the earth causing climate change. 
HoWever, the global energy system is moving steadily aWay 
from the carbon-rich fuels Whose combustion produces the 
harmful gas. Experts say atmospheric levels of carbon 
dioxide may be double that of the pre-industrial era by the 
end of the next century, but they also say the levels Would 
be much higher except for a trend toWard loWer-carbon fuels 
that has been going on for more than 100 years. Further 
more, fossil fuels cause pollution and are a causative factor 
in the strategic military struggles betWeen nations. Further 
more, ?uctuating energy costs are a source of economic 
instability WorldWide For nearly a century and a half, fuels 
With high amounts of carbon have progressively been 
replaced by those containing less. First Wood, Which is high 
in carbon, Was eclipsed in the late 19th century by coal, 
Which contains less carbon. Then oil, With a loWer carbon 
content still, replace coal in the 1960’s. NoW analysts say 
that natural gas, lighter still in carbon, may be entering its 
heyday, and that the day of hydrogen—providing a fuel With 
no carbon at all—may at last be about to daWn. As a result, 
experts estimate the World’s economy today burns less than 
tWo-thirds as much carbon per unit of energy produced as it 
did in 1860, despite the fact that carbon based fuels are still 
being used by the automotive industry. 

[0006] In the United States, it is estimated, that the trend 
toWard loWer-carbon fuels combined With greater energy 
ef?ciency has, since 1950, reduced by about half the amount 
of carbon speWed out for each unit of economic production. 
Thus, the decarboniZation of the energy system is the single 
most important fact to emerge from the last 20 years of 
analysis of the system. It had been predicted that this 
evolution Will produce a carbon-free energy system by the 
end of the 21St century. The instant invention helps to shorten 
that period to a matter of years. In the near term, hydrogen 
Will be used in fuel cells for cars, trucks and industrial 
plants, just as it already provides poWer for orbiting space 
craft. But ultimately, hydrogen Will also provide a general 
carbon-free fuel to cover all fuel needs. 

[0007] As noted in recent neWspaper articles, large indus 
tries, especially in America, have long been suspicious of 
claims that the globe is Warming and have vociferously 
negated the science of climate change. Electric utilities, 
among others, initially took the position that international 
treaties on climate change Would cut economic groWth and 
cost jobs. A dramatic shift has noW occurred, in Which the 
problems are ?nally being acknoWledged and efforts are at 
last being undertaken to solve them. Therefore, it is very 
encouraging that some of the World’s biggest companies, 
such as Royal Dutch/Shell and BP Amoco, tWo large Euro 
pean oil ?rms, noW state plainly What Was once considered 
heresy: global Warming is real and merits immediate action. 
A number of American utilities have voWed to ?nd Ways to 
reduce the harm done to the atmosphere by their poWer 
plants. DuPont, the World’s biggest chemical ?rm, has even 
declared that it Will voluntarily reduce its emissions of 
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greenhouse gases to 35% of their level in 1990 Within a 
decade. The automotive industry, Which is a substantial 
contributor to emissions of greenhouse gases and other 
pollutants (despite its vehicular speci?c reductions in emis 
sions), has noW realiZed that change is necessary as evi 
denced by their electric and hybrid vehicles. In this ?eld, the 
assignee of the subject invention, has developed the Ovonic 
nickel metal hydride battery, the enabling battery making 
electric and hybrid vehicles possible. 

[0008] FIG. 1, taken from reliable industrial sources, is a 
graph demonstrating society’s move toWard a carbon-free 
environment as a function of time starting With the use of 
Wood in the early 1800s and ending in about 2010 With the 
beginning of a “hydrogen” economy. In the 1800s, fuel Was 
primarily Wood in Which the ratio of hydrogen to carbon Was 
about 0.1. As society sWitched to the use of coal and oil, the 
ratio of hydrogen to carbon increased ?rst to 1.3 and then to 
2. Currently, society is inching closer to the use of methane 
in Which the hydrogen to carbon ratio is further increased to 
4 (methane has serious problems With safety, cost and 
infrastructure). HoWever, the ultimate goal for society is to 
employ a carbon-free fuel, i.e., the most ubiquitous of 
elements, pure hydrogen. The obstacle has been the lack of 
solid state storage capacity and infrastructure. The inventors 
of the ’497 and the ’810 applications have made this possible 
by inventing a 7% storage material (7% is an umoptimiZed 
fugure and Will be increased along With better kinetics) With 
exceptional absorption/desorption kinetics, ie at least 80% 
charge in less than 2 minutes and an infrastructure to use 
these storage alloys. These alloys alloW for the ?rst time, a 
safe, high capacity means of storing, transporting and deliv 
ering pure hydrogen. 

[0009] Hydrogen is the “ultimate fuel.” It is inexhaustible 
and is considered by most to be “THE” fuel for the next 
millennium. Hydrogen is the most plentiful element in the 
universe (over 95% of all matter) and Was the ?rst element 
created by the “Big-Bang.” Hydrogen can provide a clean 
source of energy for our planet Which can be produced by 
various processes Which split Water into hydrogen and 
oxygen and the hydrogen can be stored and transported in 
solid state form. For example, economical, lightWeight, 
triple-junction amorphous silicon solar cells solar cells (an 
invention pioneered by Stanford R. Ovshinsky) such as 
those set forth in Us. Pat. No. 4,678,679, (the disclosure of 
Which is incorporated herein by reference) can be readily 
disposed adjacent a body of Water, Where their inherently 
high open circuit voltage can be used to dissociate Water into 
its constituent gases, and the hydrogen so produced can be 
collected. These high efficiency, lightWeight solar panels can 
also be place on nearby farms, in Water, or on land. It is 
notable that the photovoltaic process for dissociating Water 
to form hydrogen can be a step toWard solving the problems 
of Water puri?cation throughout the World. Electricity can be 
generated to transport and pump the hydrogen into metal 
hydride storage beds that include the high storage capacity, 
lightWeight metal hydride alloys. The ultra-high capacities 
of the alloys of the ’497 application alloW this hydrogen to 
be stored in solid form and transported by barge, tanker, train 
or truck in safe, economical form for ultimate use. Energy is 
the basic necessity of life and civiliZation for any society 
today and the use of hydrogen in the manner described 
herein as the basic source of energy Would minimiZe the 
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likelihood of Wars fought for control of fossil fuels. Instead 
of “from Well to Wheel,” the phrase noW recited Will be 
“from source to Wheel.” 

[0010] In the past considerable attention has been given to 
the use of hydrogen as a fuel or fuel supplement. While the 
World’s oil reserves are depletable, the supply of hydrogen 
remains virtually unlimited. While hydrogen can be pro 
duced from coal, natural gas and other hydrocarbons, it is 
preferable to form hydrogen by the electrolysis of Water, 
preferably via energy from the sun Which is composed 
mainly of hydrogen and can, itself, be thought of as a giant 
hydrogen “furnace”. HoWever, hydrogen can also be pro 
duced by the electrolysis of Water using any other form of 
economical energy (e.g., Wind, Waves, geothermal, hydro 
electric, nuclear, etc.) Furthermore, hydrogen, is an inher 
ently loW cost fuel. Hydrogen has the highest density of 
energy per unit Weight of any chemical fuel and is essen 
tially non-polluting since the main by-product of “burning” 
hydrogen is Water. Thus, hydrogen can be a means of solving 
many of the World’s energy related problems, such as 
climate change, pollution, strategic dependancy on oil, etc., 
as Well as providing a means of helping developing nations. 

[0011] While hydrogen has Wide potential application as a 
fuel, a major draWback in its utiliZation, especially in mobile 
uses such as the poWering of vehicles, has been the lack of 
an acceptable lightWeight hydrogen storage medium. Stor 
age of hydrogen as a compressed gas involves the use of 
large and heavy vessels. Thus, as shoWn in FIG. 2, com 
pressed hydrogen at 5000 psi only has a hydrogen density of 
31 g/liter. Additionally, large and very expensive compres 
sors are required to store hydrogen as a compressed gas and 
compressed hydrogen gas is a very great explosion/?re 
haZZard. 

[0012] Hydrogen also can be stored as a liquid. Storage as 
a liquid, hoWever, presents a serious safety problem When 
used as a fuel for motor vehicles since hydrogen is extremely 
?ammable. Liquid hydrogen also must be kept extremely 
cold, beloW —253° C., and is highly volatile if spilled. 
Moreover, liquid hydrogen is expensive to produce and the 
energy necessary for the liquefaction process is a major 
fraction of the energy that can be generated by burning the 
hydrogen. Another draWback to storage as a liquid is the 
costly losses of hydrogen due to evaporation, Which can be 
as high as 5% per day. Also, the storage density of liquid 
hydrogen, as shoWn in FIG. 2 is only 71 g/liter. 

[0013] For the ?rst time, storage of hydrogen as a solid 
hydride, using the atomically engineered alloys of the ’497 
application can provide a greater percent Weight storage than 
storage as a compressed gas or a liquid in pressure tanks. 
Also, hydrogen storage in a solid hydride is safe and does 
not present any of the haZard problems that hydrogen stored 
in containers as a gas or a liquid does, because hydrogen, 
When stored in a solid hydride form, exists in it’s loWest free 
energy state. As shoWn, again in FIG. 2, storage of hydrogen 
in a 7% Ovonic thermal hydrogen storage alloy provides a 
hydrogen density of 103 g/liter, more than 3 times the 
density of compressed hydrogen gas. 

[0014] In addition to the problems associated With storage 
of gaseous or liquid hydrogen, there are also problems 
associated With the transport of hydrogen in such forms. For 
instance transport of liquid hydrogen Will require super 
insulated tanks, Which Will be heavy and bulky and Will be 
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susceptible to rupturing and explosion. Also, a portion of the 
liquid hydrogen Will be required to remain in the tanks at all 
times to avoid heating-up and cooling doWn of the tank 
Which Would incur big thermal losses. As for gaseous 
hydrogen transportation, pressuriZed tankers could be used 
for smaller quantities of hydrogen, but these too Will be 
susceptible to rupturing and explosion. For larger quantities, 
a Whole neW hydrogen pipeline transportation system Would 
need to be constructed or the compressor stations, valves and 
gaskets of the existing pipeline systems for natural gas Will 
have to be adapted and retro?tted to hydrogen use. This 
assumes, of course, that the construction material of these 
existing pipelines Will be suited to hydrogen transportation. 

[0015] The instant invention is useful in the infrastructure 
system of the ’810 application. When hydrogen is trans 
ferred into a storage bed, heat is liberated When the hydrogen 
and metallic material reacts to form the hydrides. This heat 
must be removed to alloW the hydriding reactions to proceed 
to completion. Conversely, heat is absorbed during the 
decomposition of the hydride to release hydrogen, and the 
hydrides are preferably heated during their decomposition to 
provide an adequate rate of liberation of hydrogen there 
from. 

[0016] In the past, heating and cooling of the metallic 
hydride material has been accomplished by conventional 
techniques including heating or cooling the container in 
Which the material is held, or spacing tubes throughout the 
bed of hydride material and circulating a heat exchange 
medium in the tubes. In such techniques, the amount of heat 
transferred to the metallic hydride depends on the area of the 
container or the surface area of the tubes extending through 
the bed, as Well as on the conductive heat transfer charac 
teristics of the metallic hydride. It has also been suggested 
to use hydrogen gas itself as a convective energy carrier, 
and, thus, overcome the limitations of the above-mentioned 
techniques. In addition, the direct cooling and heating of the 
hydrides permits rapid cycling betWeen charge and dis 
charge operations, and, thus, increase the ef?ciency of a 
given system. As proposed in paper number 760569 pre 
sented at the SAE Fuels and Lubricants Meeting in St. Louis, 
Mo., Jun. 7-10, 1976, by Hoffman et al. of Brookhaven 
National Laboratory, hydrogen Would be circulated through 
the metallic hydride in the containers to carry heat directly 
to Where it is needed. Heat exchange Would take place With 
the hydrogen in an external heat exchanger to supply the 
heat to the hydrogen. This technique is also used in US. Pat. 
No. 4,185,979 issued Jan. 29, 1980 to Woolley. HoWever, 
even though direct convective hydrogen cooling of the 
thermal hydrogen storage beds is Well knoWn in the art, no 
one had designed or optimiZed the hydrogen storage units 
for this type of cooling, thus there is a need for such an 
optimiZed hydrogen storage unit in the art. 

SUMMARY OF THE INVENTION 

[0017] The instant invention provides for a hydrogen gas 
cooled hydrogen storage element Which includes a hydrogen 
storage alloy material in Which hydrogen ?oW channels are 
provided. The How channels provide pathWays through the 
hydrogen storage material to alloW for high speed hydrogen 
gas flow. Aportion of the high speed hydrogen How is stored 
Within the storage material Which releases its heat of hydride 
formation. The remainder of the hydrogen ?oWs through the 
hydrogen storage material at a sufficient mass flow rate to 
remove the heat of hydride formation. 
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[0018] The hydrogen storage alloy material poWder is 
formed into a belt of hydrogen storage material by compac 
tion and/or sintering and may include a support means. The 
support means is typically at least one selected from the 
group consisting of mesh, grid, matte, foil, foam and plate 
and is formed from a metal selected from the group con 
sisting of Ni, Al, Cu, Fe and mixtures or alloys thereof. The 
storage alloy poWder physically bonded to the support 
means, if any, is then spirally Wound into a coil. Hydrogen 
?oW channels are provided Within the coil by either corru 
gating at least one surface of the belt of hydrogen storage 
alloy material or by interleaving a corrugated material or a 
foam, mesh, matte or even expanded metal sheet Within the 
spirals of the coil. The corrugated material or foam, mesh, 
matte or expanded metal sheet can be formed form metals or 
thermally conductive non-metals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a graph having time plotted on the 
abscissa and the H/ C ratio plotted on the ordinate, said graph 
demonstrating the movement of society toWard carbon-free 
sources of fuel; 

[0020] FIG. 2 is a graphical bar-chart of hydrogen storage 
density in giliter for hydrogen stored as a compressed 
hydrogen, liquid hydrogen, and a 7% Ovonic solid hydride 
storage material; 

[0021] FIG. 3, is a plot of hydrogen storage versus time at 
300° C. for a compressed hydrogen storage pellet of a 
Mg-based alloy useful in the storage units of the instant 
invention; 
[0022] FIG. 4 is a partial cut-aWay schematic depiction of 
a hydrogen storage unit according to the instant invention; 

[0023] FIG. 5 is a schematic depiction of a hydrogen 
storage unit according to the instant invention Which 
includes multiple storage coils in a single casing; 

[0024] FIG. 6 is a schematic depiction of a hydrogen 
storage bed Which includes the hydrogen storage units 
according to the instant invention; 

[0025] FIG. 7 is a stylistic depiction of a hydrogen refu 
eling station; 
[0026] FIG. 8 shoWs a schematic representation of a 
hydrogen gas supply system for poWering an internal com 
bustion engine vehicle; and 

[0027] FIG. 9 shoWs a schematic representation of a 
hydrogen gas supply system for poWering for a fuel cell 
vehicle. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0028] Computer modeled analysis of the cooling require 
ment for hydrogen storage units When being charged at a 
very high rate have shoWn that if the hydrogen storage alloy 
material is formed into an annular tube, With a central 
cooling channel through Which hydrogen is ?oWn at high 
rates, the limit to the thickness of the annulus is about 2 mm. 
That is, computer modeling indicates that the maximum 
distance from the cooling channel Within the annular mem 
ber Will be 2 mm for proper cooling upon charge. HoWever, 
it has also been determined by this computer modeling that, 
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using the units of the instant invention, none of the hydrogen 
storage materials Will ever be more than 1 mm from a 
cooling channel. 

[0029] In order to provide for a hydrogen storage unit 
Which is convectively cooled by high ?oW rate hydrogen, the 
unit requires that the storage material alloW for high rate 
hydrogen ?oW therethrough. Thus, rather than just ?oWing 
the coolant gas, hydrogen, over the exterior surface of the 
storage unit, or a single internal surface of an annular storage 
material, hydrogen needs to How at a high rate directly 
through the hydrogen storage material in coolant channels. 
Therefore, the storage material Will need How channels 
through it to alloW for the high ?oW rate of the hydrogen 
coolant. Also, since high speed gas is ?oWing through the 
storage material, the material needs to be compacted and 
restrained from entraining into the hydrogen ?oW. The 
storage unit of the instant invention alloWs for high speed 
hydrogen ?oW through the storage material, thus alloWing 
for ef?cient convective heating and cooling, While avoiding 
entrainment of the compacted/sintered storage alloy. 

[0030] Any alloy Which safely and ef?ciently stores and 
releases hydrogen may be used in the storage unit of the 
instant invention. Speci?cally useful are alloys such as Ti-Zr 
based AB2 room temperature hydrogen storage alloys and 
high capacity Mg-based storage alloys. Most useful are the 
high capacity, high kinetics storage alloys of the ’497 
application. In general the alloys contain greater than about 
90 Weight % magnesium, and contain at least one modi?er 
element. The at least one modi?er element creates a mag 
nesium based alloy Which is capable of storing at least 6.9 
Weight % hydrogen and is capable of absorbing 80% of the 
full storage capacity of hydrogen in under 1.5 minutes at 
300° C. The modi?er elements mainly include Ni and Mm 
(misch metal) and can also include additional elements such 
as Al, Y and Si. Thus the alloys Will typically contain 
0.52-2.5 Weight % nickel and about 1.0-4.0 Weight % Mm 
(predominantly contains Ce and La and Pr). The alloy may 
also contain one or more of 3-7 Weight % Al, 0.1-1.5 Weight 
% Y and 0.3-1.5 Weight % silicon. An example of the 
absorption kinetics of such as magnesium based alloy Which 
has been formed into a pellet is shoWn in FIG. 3, in Which 
the hydrogen storage versus time is plotted. As can be seen, 
the material is capable of storing more than 6.5 Weight % 
hydrogen and absorbs 6.5 Weight % in 1.4 minutes at 300° 
C. This is excellent capacity and kinetics indeed. 

[0031] FIG. 4 is a partial cut-aWay vieW of the hydrogen 
cooled storage unit of the instant invention. The unit spe 
ci?cally includes a casing 1, Which houses the storage coil 
2, Which is composed of a spirally Wound hydrogen storage 
alloy belt 3 interleaved With a sheet of How channel material 
4 Which alloWs for How of the high ?oW rate hydrogen 
through the storage unit. 

[0032] The hydrogen storage alloy belt 3 includes a hydro 
gen storage alloy Which may be bonded to a support means. 
The support means may be formed from a variety of 
materials With the appropriate thermodynamic characteris 
tics that can help to provide heat transfer into and out of said 
hydrogen storage alloy. The useful materials for the support 
means include both metals and non-metals. Preferable met 
als include those from the group consisting of Ni, Al, Cu, Fe 
and mixtures or alloys thereof. Examples of support means 
that can be formed from metals include Wire mesh, expanded 
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metal and foamed metal. This support material may, store 
hydrogen, Which may improve the overall performance of 
the storage unit. 

[0033] The hydrogen storage alloy material may be physi 
cally bonded to the support means by compaction and/or 
sintering processes. The alloy material is ?rst converted into 
a ?ne poWder. The poWder is then compacted, optionally 
onto the support means, to form a belt of storage material. 
The compaction process causes the poWder to adhere to 
itself and, if included, become an integral part of the support 
means. After compaction, the belt including any support 
means that has been impregnated With alloy poWder is 
preheated and then sintered. The preheating process liber 
ates excess moisture and discourages oxidation of the alloy 
poWder. Sintering is carried out in a high temperature, 
substantially inert atmosphere containing hydrogen. The 
temperature is suf?ciently high to promote particle-to-par 
ticle bonding of the alloy material as Well as the bonding of 
the alloy material to any support means. 

[0034] The hydrogen storage alloy belt is then spirally 
Wound into a coil along With along interleaved sheet of How 
channel material 4 Which provides the hydrogen ?oW chan 
nels for the high ?oW rate hydrogen. The How channel 
material 4 is formed from a thermally conductive sheet of 
material Which very highly porous and thus alloWs for high 
speed How of hydrogen through the unit. The How channel 
material may be formed from polymers or metals or even 
thermally conductive non-metals. Examples of polymers 
Would be corrugated polypropylene sheet porous polytet 
ra?uoroethylene sheet. Metals, if used Would be in the form 
of a corrugated metal sheet, expanded metal, or metal foam, 
matte or mesh. The metal may be capable of storing hydro 
gen also, thereby enhancing the overall storage capacity of 
the system. Useful metals include Cu, Ni and Al and 
mixtures or alloys thereof. Useful non-metals can include 
thermally conductive ceramics and thermally conductive 
graphite materials. The non-metals may be in the form of 
corrugated sheet, foam, matte or mesh of non-metals ?bers, 
etc. Once again, the non-metal may also store hydrogen, 
thereby enhancing the storage capacity of the system. It 
should be noted that the hydrogen storage alloy belts 3 and 
the How channel sheets 4 may be interleaved in any pro 
portion desired to provide adequate cooling to the storage 
alloy. That is, it may be desirable to include many hydrogen 
storage belt layers per ?oW channel layer in the ?nal 
product, or visa-versa. As an alternative to spirally Winding 
a separate ?oW channel material 4 into the coil 2, the belt of 
storage material 3 may be corrugated on one or both surfaces 
thereof before coiling, thus providing in-situ corrugation. 

[0035] Compacting and sintering the alloy material onto a 
support means increases the packing density of the alloy 
material, thereby improving the thermodynamic and kinetic 
characteristics of the hydrogen storage system. The close 
contact betWeen the support means and the alloy material 
improves the efficiency of the heat transfer into and out of 
the hydrogen storage alloy material as hydrogen is absorbed 
and desorbed. In addition, the uniform distribution of the 
storage alloy/support means throughout the interior of the 
container provides for an even temperature and heat distri 
bution throughout the bed of alloy material. This results in 
a more uniform rates of hydrogen absorption and desorption 
throughout the entirety thereof, thus creating a more ef?cient 
energy storage system. 
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[0036] One problem When using just alloy powder (With 
out a support means) in hydrogen storage beds is that of 
self-compaction due to particle siZe reduction. That is, 
during repeated hydriding and dehydriding cycles, the alloy 
materials expand and contract as they absorb and desorb 
hydrogen. Some alloy materials have been found to expand 
and contract by as much as 25% in volume as a result of 
hydrogen introduction into and release from the material 
lattice. As a result of the dimensional change in the alloy 
materials, they crack, undergo fracturing and break up into 
?ner and ?ner particles. After repeated cycling, the ?ne 
particles self-compact causing inef?cient hydrogen transfer 
as Well as high stresses that are directed against the Walls of 
the storage container. Also, Within the present system, the 
particles of the storage material may be entrained into the 
high ?oW rate gas stream, and be carried out of the storage 
unit. 

[0037] HoWever, the processes used to attach the alloy 
material onto the support means keeps the alloy particles 
?rmly bonded to each other as Well as to the support means 
during the absorption and desorption cycling. Furthermore, 
the tight packaging of the support means Within the con 
tainer serves as a mechanical support that keeps the alloy 
particles in place during the expansion, contraction and 
fracturing of the material. 

[0038] The coils 2 may be of any axial length and diam 
eter, as required by the end use. HoWever, the economics 
costs and physical capability/practicality of production 
machinery must be taken into account. Coils produced by 
the instant inventors are typically 2-5 inches in axial length 
and 1-4 inches in diameter. The coils can have a central 
annular opening if desired, but this is not necessary. The 
central annular opening can be used to insert combustive or 
electric heaters if desired to assist in release of the hydrogen, 
if needed for the end use applications. 

[0039] Once the coils are manufactured, adding capacity 
to any hydrogen storage unit is as simple as packing multiple 
coils into a single or multiple casings. As shoWn in FIG. 5, 
many coils 2 can be placed into one casing 1 to form a 
storage unit 5. This alloWs for easy, economic manufacture 
of the coils themselves, but also alloWs for large capacity 
storage systems by combining many coils into one system. 

[0040] Once the multiple coils 2 are inserted into a casing 
1 to form a unit 5, multiple units can be bundled into a 
complete storage bed. FIG. 6 shoWs hoW multiple units 5 
can be packed into an outer shell 6 to form such a bed 9 
(hydrogen inlet and outlet ports and manifolds are not 
shoWn). This bed 9 can also be cooled/heated external to the 
casings of the individual units through ports 7 and 8. The 
external heating/cooling can accomplished via hydrogen gas 
or other useful gaseous or liquid heat transfer media. It 
should be noted that While a speci?c bed 9 shape and design 
are depicted, one of ordinary skill in the art could modify 
these parameters and still be Within the spirit and scope of 
the instant invention. 

[0041] FIG. 7 is a stylistic depiction of a hydrogen refu 
eling station Which speci?cally shoWs hoW hydrogen is used 
to capture the heat of hydride formation in the vehicles 
storage bed 9 and transfer that heat to the stations primary 
hydride storage bed 10 to assist in the release of hydrogen 
from the primary storage bed. Speci?cally, high ?oW rate 
hydrogen is dispensed from the “pump”13 into the vehicle’s 
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hydrogen storage bed 9 through cool hydrogen supply line 
11a. Some of the hydrogen is absorbed into the hydrogen 
storage material With in the bed, thereby releasing heat of 
hydride formation. This heat is removed by the excess cool 
hydrogen. The noW heated hydrogen leaves storage bed 9 
and is transported to the pump 13 via hot hydrogen return 
line 12a. The hot hydrogen is then transported from the 
pump 13 to the stations primary hydrogen storage bed 10 via 
hot hydrogen return line 12b. The hot hydrogen releases its 
heat into the hydrogen storage material Within bed 10 to 
assist in providing the required heat (heat of dehydriding) to 
release the stored hydrogen therein. The released hydrogen, 
noW cooler, is supplied to the pump 13, via cool hydrogen 
supply line 11b, to ultimately be sent again to the vehicles 
hydrogen storage bed 9. This set up alloWs for very fast 
charging of a vehicles storage bed 9, and yet eliminates 
Waste of the released heat and overheating of the bed. 

Hydrogen PoWered Internal Combustion Engine 
and Fuel Cell Vehicles 

[0042] The instant storage unit is useful as a hydrogen 
supply for many applications. One such application is the 
?eld of automobiles. Speci?cally, the storage unit can be 
used as a source of hydrogen for internal combustion engine 
(ICE) or fuel cell (FC) vehicles. 

[0043] FIG. 8 shoWs a schematic representation of a 
hydrogen gas supply system for an ICE vehicle, Which is for 
supplying a hydrogen engine 21 With hydrogen gas. The 
system has a hydrogen gas storage bed 9 and an engine 
Waste heat transfer supply passage 23 Which leads engine 
Waste heat (in the form of exhaust gas or engine coolant) 
discharged from the engine 21 to the hydrogen gas storage 
bed 9. The system also includes a return passage 24 for 
returning any engine coolant used to heat the hydrogen 
storage material back to the engine 21 and an exhaust gas 
vent 27 for releasing used exhaust gas. The system further 
includes a hydrogen gas supply passage 25 Which leads 
hydrogen gas from the hydrogen gas storage bed 9 to the 
engine 21. The engine Waste heat transfer supply passage 23 
is provided With a temperature regulating unit 26 Which 
regulates the temperature of the Waste heat to be introduced 
into the hydrogen gas storage bed 9. With such a system, 
Waste heat generated Within the ICE can be ef?ciently used 
to heat the hydrogen storage material to release hydrogen 
therefrom for use in the ICE. 

[0044] FIG. 9 shoWs a schematic representation of a 
hydrogen gas supply system for an FC vehicle, Which is for 
supplying a fuel cell 28 With hydrogen gas. The system has 
a hydrogen gas storage bed 9 and a fuel cell Waste heat/ 
hydrogen transfer supply passage 29 Which leads fuel cell 
Waste heat and unused hydrogen discharged from the fuel 
cell 28 to a hydrogen gas combustor 30. Waste heat from the 
fuel cell may be in the form of heated gases or heated 
aqueous electrolyte. The hydrogen combustor 30, heats a 
thermal transfer medium (preferably in the form of the 
aqueous electrolyte from the fuel cell) utiliZing Waste heat 
from the fuel cell 28, and by combusting hydrogen. Hydro 
gen is supplied to the combustor 30 via unused hydrogen 
from the fuel cell 28, and via fresh hydrogen supplied from 
the hydrogen storage bed 9 via hydrogen supply line 34. 
Heated thermal transfer medium is supplied to the hydrogen 
storage bed 9 via supply line 33. The system also includes 
a return passage 36 for returning any fuel cell aqueous 
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electrolyte used to heat the hydrogen storage material back 
to the fuel cell 28 and an exhaust gas vent 35 for releasing 
used combustor gas. The system further includes a hydrogen 
gas supply passage 31 Which leads hydrogen gas from the 
hydrogen gas storage bed 9 to the fuel cell 28. 

[0045] While the invention has been described in connec 
tion With preferred embodiments and procedures, it is to be 
understood that it is not intended to limit the invention to the 
described embodiments and procedures. On the contrary it is 
intended to cover all alternatives, modi?cations and equiva 
lence Which may be included Within the spirit and scope of 
the invention as de?ned by the claims appended hereinafter. 

We claim: 
1. A hydrogen gas cooled hydrogen storage element 

comprising: 
a hydrogen storage alloy; and 

hydrogen ?oW channels provided Within said hydrogen 
storage material, said How channels providing path 
Ways through said hydrogen storage material; said 
pathWays alloWing for high speed hydrogen gas flow 
therethrough such that a portion of said hydrogen gas 
flow is stored Within said hydrogen storage material 
thereby releasing heat and the remainder of said hydro 
gen gas ?oW removes said heat from said hydrogen 
storage alloy. 

2. The hydrogen gas cooled hydrogen storage element of 
claim 1, Wherein said hydrogen storage alloy is a belt of 
compacted poWered alloy. 

3. The hydrogen gas cooled hydrogen storage element of 
claim 2, Wherein said hydrogen storage alloy is a belt of 
compacted poWered alloy physically bonded to a support 
means. 

4. The hydrogen gas cooled hydrogen storage element of 
claim 3, Wherein said hydrogen storage alloy is physically 
bonded to said support means by compaction and/or sinter 
mg. 

5. The hydrogen gas cooled hydrogen storage element of 
claim 3, Wherein said support means comprises at least one 
selected from the group consisting of mesh, grid, matte, foil, 
foam and plate. 

6. The hydrogen gas cooled hydrogen storage element of 
claim 3, Wherein said support means is formed from a metal. 

7. The hydrogen gas cooled hydrogen storage element of 
claim 6, Wherein said support means is formed from one or 
more metals selected from the group consisting of Ni, Al, 
Cu, Fe and mixtures or alloys thereof. 
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8. The hydrogen gas cooled hydrogen storage element of 
claim 2, Wherein belt of compacted poWered alloy is spirally 
Wound into a coil. 

9. The hydrogen gas cooled hydrogen storage element of 
claim 8, Wherein said hydrogen ?oW channels are provided 
by corrugating at least one surface of said belt before it is 
spirally Wound into a coil. 

10. The hydrogen gas cooled hydrogen storage element of 
claim 8, Wherein said hydrogen ?oW channels are provided 
by interleaving a flow channel material Within said spirally 
Wound coil. 

11. The hydrogen gas cooled hydrogen storage element of 
claim 10, Wherein said flow channel material is a corrugated 
polymer sheet. 

12. The hydrogen gas cooled hydrogen storage element of 
claim 11, Wherein said corrugated polymer sheet is a cor 
rugated polypropylene sheet. 

13. The hydrogen gas cooled hydrogen storage element of 
claim 11, Wherein said corrugated polymer sheet is a cor 
rugated polytetra?uoroethylene sheet. 

14. The hydrogen gas cooled hydrogen storage element of 
claim 9, Wherein said flow channel material is a corrugated 
metal sheet. 

15. The hydrogen gas cooled hydrogen storage element of 
claim 14, Wherein said corrugated metal sheet is formed 
from at least one metal selected from Ni, Al, Cu, and 
mixtures or alloys thereof. 

16. The hydrogen gas cooled hydrogen storage element of 
claim 10, Wherein said flow channel material is a metal foam 
sheet. 

17. The hydrogen gas cooled hydrogen storage element of 
claim 10, Wherein said flow channel material is a metal mesh 
sheet. 

18. The hydrogen gas cooled hydrogen storage element of 
claim 10, Wherein said flow channel material is a metal 
matte sheet. 

19. The hydrogen gas cooled hydrogen storage element of 
claim 10, Wherein said flow channel material is a graphite 
foam sheet. 

20. The hydrogen gas cooled hydrogen storage element of 
claim 10, Wherein said flow channel material is a graphite 
mesh sheet. 

21. The hydrogen gas cooled hydrogen storage element of 
claim 10, Wherein said flow channel material is a graphite 
matte sheet. 


