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1
HYDROGEN STORAGE APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a hydrogen storage appa-
ratus, and more particularly to a hydrogen storage apparatus
for storing a hydrogen storage alloy, such that the efliciency
of heat transfer 1s better when the hydrogen 1s absorbed or
released by the hydrogen storage apparatus, and the hydro-
gen storage apparatus 1s safer because the stress imposed on
the hydrogen storage alloy 1s uniform.

2. Description of the Prior Art
In the past considerable attention has been given to the use
of hydrogen as a tuel or fuel supplement. While the world’s
o1l reserves are rapidly being depleted, the supply of hydro-
gen remains virtually unlimited. Furthermore, hydrogen,
although presently more expensive than petroleum, 1s a
relatively low cost fuel. Hydrogen has the highest density of
energy per unit weight of any chemical fuel and 15 essen-
tially non-polluting since the main by-product of burming
hydrogen 1s water.

While hydrogen has wide potential application as a fuel,
a major drawback 1n its utilization, especially in mobile uses
such as the powering of vehicles, has been the lack of
acceptable hydrogen storage medium. Conventionally,
hydrogen has been stored 1in a pressure vessel under a high
pressure or stored as a cryogenic liquid, being cooled to an
extremely low temperature. Storage of hydrogen as a com-
pressed gas mvolves the use of large and bulky vessels.
Additionally, transfer 1s very difficult, since the hydrogen 1s
stored 1n a large-sized vessel; amount of hydrogen stored 1n
a vessel 1s limited, due to low density of hydrogen. Further-
more, storage as a liquid presents a serious salety problem
when used as a fuel for motor vehicles since hydrogen 1s
extremely flammable. Moreover, liquid hydrogen 1s expen-
s1ve to produce.

Alternatively, certain metals and alloys have been known
to permit reversible storage and release of hydrogen. In this
regard, they have been considered as a superior hydrogen-
storage material, due to their high hydrogen-storage efli-
ciency. Many metal alloys are recognized as having suit-
ability for hydrogen storage in their atomic and crystalline
structures as hydride materials. While this storage method
holds promise to be ultimately convenient and safe;
improvements in efliciency and safety are always welcome.
For example, 1t 1s known that heat transfer capability can
enhance or inhibit efhicient exchange of hydrogen 1nto and
out of metal alloys useful 1n hydride storage systems. As a
general matter, release of hydrogen from the crystal struc-
ture of a metal hydnide requires mput of some level of
energy, normally heat. Placement of hydrogen within the
crystal structure of a metal, metal alloy, or other storage
system generally releases energy, normally heat.

The heat released from hydrogenation of hydrogen stor-
age alloys must be removed. Heat inetiectively removed can
cause the hydriding process to slow down or terminate. This
becomes a serious problem, which prevents fast charging.
During fast charging, the hydrogen storage alloy 1s quickly
hydrogenated and considerable amounts of heat are pro-
duced. Furthermore, after the hydrogen storage alloy 1s used
for a period of time, some particles may collapse. The
collapsed particles will gradually gather at the bottom of the
hydrogen storage canister. When the hydrogen storage alloy
1s hydrnided, 1t will generally expand and the particles at the
bottom will swell about 20%, such that the hydrogen storage
canister will deform due to non-uniform stress and, often
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crack. For example, “Hydrogen storage and transportation
system” disclosed in U.S. Pat. No. 6,666,034 has the above-
mentioned disadvantage.

Furthermore, the hydrogen storage unit disclosed 1n U.S.
Pat. No. 6,626,323 still cannot effectively transfer heat and
prevent the particles of the hydrogen storage alloy from
shifting. Moreover, in U.S. Pat. No. 6,709,497, since the
hydrogen storage structure utilizes at least one heat
exchanger tube for transferring heat, the efliciency of heat
transter in the structure 1s worse, the design of the structure
1s more complicated, and the cost 1s higher correspondingly.

Accordingly, the objective of the present invention 1s to
provide a hydrogen storage apparatus for improving the
clliciency of heat transfer and the issue of safety, so as to
solve the above-mentioned problems.

SUMMARY OF THE

INVENTION

The objective of the present invention 1s to provide a
hydrogen storage apparatus for storing a hydrogen storage
alloy, so as to improve the efliciency of heat transfer while
the hydrogen 1s absorbed or released by the hydrogen
storage apparatus.

Another objective of the present invention 1s to provide
hydrogen storage apparatus for storing a hydrogen storage
alloy. After the hydrogen storage alloy 1s used for a period
of time, some particles may collapse. The hydrogen storage
apparatus of the present invention can reduce the movement
of the particles collapsed from the hydrogen storage alloy
and further prevent the hydrogen storage canister from
deforming.

According to a preferred embodiment of the present
invention, the hydrogen storage apparatus includes a hydro-
gen storage canister, at least one first partition, and at least
one second partition. The hydrogen storage canister defines
a longitudinal axis. The least one first partition 1s adapted to
divide the hydrogen storage canister into at least one com-
partment. The least one second partition 1s adapted to divide
the at least one compartment into a plurality of sub-com-
partments imto which the hydrogen storage alloy 1s disposed.
The at least one second partition has a plurality of cells
having a cell wall arranged in a honeycomb configuration.
The cell wall of each of the plurality of cells 1s perpendicular
to the longitudinal axis. The hydrogen storage apparatus
further 1includes at least one second filter for covering the
outside of the at least one second partition.

Therefore, the hydrogen storage apparatus of the present
invention not only improves the efliciency of heat transfer
but also ensures the collapsed particles being in each of the
cells, so as to prevent the hydrogen storage canister from
deforming resulted from non-uniform stress caused by larger
movement of the collapsed particles. Moreover, the hydro-
gen storage apparatus 1s suitable for the application of
vertical type or horizontal type.

The advantage and spirit of the invention may be under-
stood by the Iollowing recitations together with the
appended drawings.

BRIEF DESCRIPTION OF THE APPENDED
DRAWINGS

FIG. 1 1s an outside view illustrating a hydrogen storage
apparatus according to a preferred embodiment of the
present invention.

FIG. 2 1s an exploded view illustrating the hydrogen
storage apparatus shown in FIG. 1.
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FIG. 3 1s an expanded view illustrating three second
partitions, shown 1n FIG. 2, with different density.

FIG. 4A 1s a top view illustrating the second partition
shown 1n FIG. 2.

FIG. 4B 1s a side view 1llustrating the second partition
shown 1n FIG. 2.

FIG. 5 1s an exploded view 1llustrating a hydrogen storage
apparatus according to another preferred embodiment of the
present mvention.

FIG. 6 1s an exploded view 1llustrating a hydrogen storage
apparatus according to another preferred embodiment of the
present mvention.

FIG. 7 1s an exploded view 1llustrating a hydrogen storage
apparatus according to another preferred embodiment of the
present invention.

FIG. 8 1s an outside view 1illustrating a hydrogen storage
apparatus according to another preferred embodiment of the
present mvention.

FIG. 9 1s an exploded view illustrating the hydrogen
storage apparatus shown 1n FIG. 8.

FIG. 10A 1s a top view illustrating the second partition
shown 1n FIG. 9.

FIG. 10B 1s a side view 1llustrating the second partition
shown 1n FIG. 9.

FIG. 11 1s an exploded view illustrating a hydrogen
storage apparatus according to another preferred embodi-
ment of the present mnvention.

FIG. 12 1s an exploded view illustrating a hydrogen
storage apparatus according to another preferred embodi-
ment of the present invention.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

Referring to FIGS. 1 through 3, FIG. 1 1s an outside view
illustrating a hydrogen storage apparatus 10 according to a
preferred embodiment of the present invention. FIG. 2 1s an
exploded view illustrating the hydrogen storage apparatus
10 shown 1n FIG. 1. FIG. 3 1s an expanded view 1llustrating
three second partitions 14, shown 1 FIG. 2, with diflerent
density. The hydrogen storage apparatus 10 1s used for
storing a hydrogen storage alloy (not shown). As shown 1n
FIG. 2, the hydrogen storage apparatus 10 includes a hydro-
gen storage canister 12, at least one first partition 13
(functioning as an alloy holding separator), at least one
second partition 14, a control valve 16, a first filter 18, a ring
20, and a bottom cover 22. The hydrogen storage canister 12
defines a longitudinal axis Y. In this embodiment, the
hydrogen storage apparatus 10 includes two first partitions
13 and two second partitions 14. The first partition 13 1s a
filter and adapted to divide the hydrogen storage canister 12
into at least one compartment. The first partition 13 can filter
hydrogen and prevent the collapsed particles from passing
through. In other words, only hydrogen can pass through the
first partition 13.

The control valve 16 1s used for controlling the flow of
hydrogen 1nto and out of the hydrogen storage canister 12.
The ring 20 1s used for fixing the corresponding first filter 18
onto the bottom of the corresponding control valve 16, and
the first filter 18 only permits hydrogen to pass through, so
as to prevent the collapsed particles from shifting out while
hydrogen 1s absorbed or released by the hydrogen storage
apparatus 10. In a preferred embodiment, the porosity of the
first filter 18 1s designed to be under 1.0 micrometer. The
bottom cover 22 1s used for covering the bottom of the
hydrogen storage canister 12 to prevent hydrogen and the
hydrogen storage alloy from escaping, as shown 1n FIG. 1.
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The second partition 14 1s adapted to divide the at least
one compartment into a plurality of sub-compartments into
which the hydrogen storage alloy 1s disposed. The second
partition 14 includes a plurality of cells having a cell wall
arranged 1n a honeycomb configuration. The cell wall of
cach of the plurality of cells 1s perpendicular to the longi-
tudinal axis Y. The hydrogen storage alloy i1s disposed in
cach cell of the second partition 14, so the collapsed
particles of the hydrogen storage alloy will not gather at the
bottom of the hydrogen storage canister 12. Furthermore, the
second partition 14 1s flexible, such that the size of the
plurality of sub-compartments 1s adjustable, as shown in
FIG. 3. Accordingly, the size of the plurality of sub-com-
partments can be changed based on various requirements, so
as to improve the efliciency of heat transier.

Referring to FIG. 4A and FIG. 4B, FIG. 4A 15 a top view
illustrating the second partition 14 shown in FIG. 2. FI1G. 4B
1s a side view illustrating the second partition 14 shown 1n
FIG. 2. Because the cell wall of each cell of the second
partition 14 1s perpendicular to the longitudinal axis Y, the
area that second partition 14 contacts the inner wall of the
hydrogen storage canister 12 1s 1ncreased, so as to improve
the efliciency of heat transter, as shown 1n FIG. 4B. Both the
top and bottom surface of the second partition 14 have a
fan-shaped honeycomb configuration as shown 1n FIG. 4A.
Moreover, the hydrogen storage apparatus 10 further
includes at least one second filter (not shown) for covering
the outside of the second partition 14 to ensure the collapsed
particles being in each of the cells, so as to prevent the
hydrogen storage canister 12 from deforming resulted from
non-uniform stress caused by larger movement of the col-
lapsed particles. Because the hydrogen storage alloy 1is
restrained 1n each cell of the second partition 14, the
hydrogen storage apparatus 10 of the present invention 1s
suitable for the application of vertical type or horizontal
type.

Referring to FIG. 5, FIG. 5 1s an exploded view 1llustrat-
ing a hydrogen storage apparatus 24 according to another
preferred embodiment of the present mmvention. The main
difference between the hydrogen storage apparatus 24 and
the hydrogen storage apparatus 10 1s that the hydrogen
storage apparatus 24 replaces the bottom cover 22 of the
hydrogen storage apparatus 10 by a control valve 16a, a first
filter 18a, and a ring 20a. The function and principle of the
control valve 164, the first filter 18a, and the rnng 20a are
respectively the same as the control valve 16, the first filter
18, and the ring 20. When the hydrogen storage apparatus 24
absorbs hydrogen completely, the control valves 16 and 16qa
may be opened at the same time, and hydrogen with high
purity can be blown into the hydrogen storage canister 12.
Accordingly, the gas impurities, not absorbed by the hydro-
gen storage alloy, will be blown out of the hydrogen storage
canister 12, so that the purity of hydrogen 1s improved over
99.9999%. The principle of the hydrogen storage apparatus
24 shown 1n FIG. 5 and the hydrogen storage apparatus 10
shown 1n FIG. 2 1s the same, and the related description 1s
neglected.

Reterring to FIG. 6, FIG. 6 1s an exploded view 1llustrat-
ing a hydrogen storage apparatus 30 according to another
preferred embodiment of the present mmvention. The main
difference between the hydrogen storage apparatus 30 and
the hydrogen storage apparatus 10 1s that the hydrogen
storage apparatus 30 includes a filter center 32, two first
partition 33, and three second partition 34. The filter center
32 1s disposed through the center of each first partition 33
and each second partition 34 and 1s used for filtering the
hydrogen, so the hydrogen stored in the lower hydrogen
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storage alloy can be released rapidly. Furthermore, the size
of the second partition 34 of the hydrogen storage apparatus
30 1s smaller than the second partition 14 of the hydrogen
storage apparatus 10, so the second partition 34 1s easier to
be formed and the movement of the hydrogen storage alloy
1s less. The principle of the hydrogen storage apparatus 30
shown i FIG. 6 and the hydrogen storage apparatus 10
shown 1n FIG. 2 1s the same, and the related description 1s
neglected.

Referring to FIG. 7, FIG. 7 1s an exploded view 1llustrat-
ing a hydrogen storage apparatus 40 according to another
preferred embodiment of the present mmvention. The main
difference between the hydrogen storage apparatus 30 and
the hydrogen storage apparatus 40 1s that the hydrogen
storage apparatus 40 further includes three second partitions
34 disposed 1n each second partition 34 respectively. Each of
the second partitions 34 1s respectively covered by a second
filter 46. Compared to the hydrogen storage apparatus 30,
the hydrogen storage apparatus 40 separates the second
partition into two layers (outer layer and inner layer) to
turther reduce the movement of the particles collapsed from
the hydrogen storage alloy. Furthermore, when the size of
the hydrogen storage canister 1s larger, the second partition
having two layers 1s easier to be formed correspondingly.
The principle of the hydrogen storage apparatus 40 shown 1n
FIG. 7 and the hydrogen storage apparatus 10, 30 shown 1n
FIGS. 2, 6 1s the same, and the related description 1is
neglected.

Referring to FIG. 8 and FIG. 9, FIG. 8 1s an outside view
illustrating a hydrogen storage apparatus 30 according to
another preferred embodiment of the present invention. FIG.
9 1s an exploded view illustrating the hydrogen storage
apparatus 50 shown 1n FIG. 8. The hydrogen storage appa-
ratus 350 1s used for storing a hydrogen storage alloy (not
shown). As shown 1n FIG. 9, the hydrogen storage apparatus
50 1ncludes a hydrogen storage canister 32, at least one {first
partition 53, at least one second partition 54, a control valve
56, a first filter 58, a ring 60, and a top cover 62. The
hydrogen storage canister 52 defines a longitudinal axis Y. In
this embodiment, the hydrogen storage apparatus 50
includes two first partitions 53 and one second partition 54.
The first partition 53 1s a filter and adapted to divide the
hydrogen storage canister 52 into at least one compartment.
The first partition 53 can filter hydrogen and prevent the
collapsed particles from passing through. In other words,
only hydrogen can pass through the first partition 53. Fur-
thermore, the first partition 53 1s used for covering the
outside of the second partition 54 to ensure the collapsed
particles being 1n each of the cells, so as to prevent the
hydrogen storage canister 52 from deforming resulted from
non-uniform stress caused by larger movement of the col-
lapsed particles.

The control valve 56 1s used for controlling the flow of
hydrogen 1nto and out of the hydrogen storage canister 52.
The ring 60 1s used for fixing the corresponding first filter 58
onto the iner opeming of the corresponding control valve
56, and the first filter 58 only permits hydrogen to pass
through, so as to prevent the collapsed particles from shiit-
ing out while hydrogen 1s absorbed or released by the
hydrogen storage apparatus 50. In a preferred embodiment,
the porosity of the first filter 58 1s designed to be under 1.0
micrometer. The top cover 62 1s used for covering the top of
the hydrogen storage canister 32 to prevent hydrogen and
the hydrogen storage alloy from escaping, as shown 1n FIG.
8.

The second partition 54 1s adapted to divide the at least
one compartment into a plurality of sub-compartments into
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which the hydrogen storage alloy 1s disposed. The second
partition 34 includes a plurality of cells having a cell wall
arranged 1n a honeycomb configuration. The cell wall of
cach of the plurality of cells 1s perpendicular to the longi-
tudinal axis Y. The hydrogen storage alloy 1s disposed in
cach cell of the second partition 54, so the collapsed
particles of the hydrogen storage alloy will not gather at the
bottom of the hydrogen storage canister 32. Furthermore, the
second partition 34 1s flexible, such that the size of the
plurality of sub-compartments 1s adjustable, as shown in
FIG. 3. Accordingly, the size of the plurality of sub-com-
partments can be changed based on various requirements, so
as to improve the efliciency of heat transier.

Retferring to FIG. 10A and FIG. 10B, FIG. 10A 1s a top
view 1llustrating the second partition 54 shown in FIG. 9.
FIG. 10B 1s a side view illustrating the second partition 54
shown 1n FIG. 9. Because the cell wall of each cell of the
second partition 54 1s perpendicular to the longitudinal axis
Y, the area that second partition 34 contacts the top and
bottom walls of the hydrogen storage canister 352 1s
increased, so as to improve the efliciency of heat transfer, as
shown 1 FIG. 10A. The side surface of the second partition
54 has a rectangle-shaped honeycomb configuration as
shown 1n FIG. 10B. Because the hydrogen storage alloy 1s
restrained 1n each cell of the second partition 54, the
hydrogen storage apparatus 50 of the present invention 1s
suitable for the application of vertical type or horizontal
type.

Retferring to FIG. 11, FIG. 11 1s an exploded view
illustrating a hydrogen storage apparatus 64 according to
another preferred embodiment of the present invention. The
main diflerence between the hydrogen storage apparatus 64
and the hydrogen storage apparatus 50 is that the hydrogen
storage apparatus 64 further includes a control valve 564, a
first filter 38a, and a ring 60a. The function and principle of
the control valve 564, the first filter 58a, and the ring 60a are
respectively the same as the control valve 56, the first filter
58, and the ring 60. When the hydrogen storage apparatus 64
absorbs hydrogen completely, the control valves 56 and 56qa
may be opened at the same time, and hydrogen with high
purity can be blown into the hydrogen storage canister 52.
Accordingly, the gas impurities, not absorbed by the hydro-
gen storage alloy, will be blown out of the hydrogen storage
canister 52, so that the purity of hydrogen 1s improved over
99.9999%. The principle of the hydrogen storage apparatus
64 shown 1n FIG. 11 and the hydrogen storage apparatus 50
shown 1n FIG. 9 1s the same, and the related description 1s
neglected.

Referring to FIG. 12, FIG. 12 1s an exploded view
illustrating a hydrogen storage apparatus 70 according to
another preferred embodiment of the present invention. The
main difference between the hydrogen storage apparatus 70
and the hydrogen storage apparatus 50 1s that the hydrogen
storage apparatus 70 includes three first partitions 73 and
two second partitions 74. Compared to the hydrogen storage
apparatus 50, the hydrogen storage apparatus 70 separates
the second partition to two layers to further reduce the
movement of the particles collapsed from the hydrogen
storage alloy. The principle of the hydrogen storage appa-
ratus 70 shown 1n FIG. 12 and the hydrogen storage appa-
ratus 50 shown in FIG. 9 i1s the same, and the related
description 1s neglected.

Compared to the prior art, the hydrogen storage apparatus
of the present mnvention not only improves the efliciency of
heat transier but also ensures the collapsed particles being in
cach of the cells, so as to prevent the hydrogen storage
canister from deforming resulted from non-uniform stress
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caused by larger movement of the collapsed particles. Fur-
thermore, the purity of hydrogen can be improved by
utilizing two control valves. Moreover, the hydrogen storage
apparatus 1s suitable for the application of vertical type or
horizontal type.

With the example and explanations above, the features
and spirits of the invention will be hopefully well described.
Those skilled 1n the art will readily observe that numerous
modifications and alterations of the device may be made
while retaiming the teaching of the mmvention. Accordingly,
the above disclosure should be construed as limited only by
the metes and bounds of the appended claims.

What 1s claimed 1s:

1. A hydrogen storage apparatus for storing a hydrogen
storage alloy, the hydrogen storage apparatus comprising;

a hydrogen storage canister defining a longitudinal axis;

at least one first partition adapted to divide the hydrogen

storage canister 1into at least one compartment; and

at least one second partition adapted to divide the at least

one compartment 1nto a plurality of sub-compartments
into which the hydrogen storage alloy 1s disposed;

wherein the at least one second partition comprises a

plurality of cells having a cell wall arranged 1 a
honeycomb configuration, each cell of the plurality of
cells being 1dentical 1n size and shape, and the cell wall
of each of the plurality of cells 1s perpendicular to the
longitudinal axis.

2. The hydrogen storage apparatus of claim 1, wherein the
hydrogen storage canister comprises at least one control
valve for controlling the flow of hydrogen into and out of the
hydrogen storage canister.
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3. The hydrogen storage apparatus of claim 2, wherein the
hydrogen storage canister further comprises at least one first
filter and at least one ring, each of the at least one ring 1s used
for fixing the corresponding first filter onto the bottom of the
corresponding control valve, and the at least one first filter
only permits the hydrogen to pass through.

4. The hydrogen storage apparatus of claim 3, wherein the
porosity of the first filter 1s under 1.0 micrometer.

5. The hydrogen storage apparatus of claim 1, wherein the
at least one first partition 1s an alloy holding separator.

6. The hydrogen storage apparatus of claim 1, wherein the
at least one second partition 1s flexible, such that the size of
the plurality of sub-compartments 1s adjustable.

7. The hydrogen storage apparatus of claim 1, wherein the
at least one second partition 1s a polygonal prism shaped
second partition having a rectangle-shaped honeycomb con-
figuration.

8. The hydrogen storage apparatus of claim 1, wherein the
at least one second partition i1s a fan-shaped second partition
having a honeycomb configuration.

9. The hydrogen storage apparatus ol claim 8, further
comprising a filter center, disposed through the center of the
at least one {first partition and the at least one second
partition, for filtering the hydrogen.

10. The hydrogen storage apparatus of claim 9, further
comprising at least one second filter for covering the outside
of the at least one second partition.



