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(57) Abstract: A hydrogen vessel comprising a fluid communication port, an outer vessel and an inner compartment. The inner
vessel contains a hydrogen storage material, such as a metal hydride. In one embodiment the inner vessel is mechanically isolated
from the outer vessel. The separation between the outer and inner vessel provides a peripheral volume between each vessel. The
peripheral volume about the inner compartment may be fluidly isolated from the inner compartment. The hydrogen storage unit
further includes a fluid pressure device in communication with the peripheral volume; and a controller for controlling the fluid
pressure device during desorption and absorption.
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Hydrogen Storage Unit

Field of the invention

The invention relates to a hydrogen storage ‘unit and partiCUIarly a unit which.can be
‘ used for solid metal hydride 'absorptioh/adsorption and desorption of hydrogen.

Background of the invention

Hydrogen may be stored for use as a fuel or for other purposes. Some hydrogen
“storage units include an enclosed volume carrying a bed of hydrogen storage 'materiel
such as catalysed MgH. or other high temperature metal hydride (and various alloys).

" There are a number of thermal challenges associated with such storage units. Typical
hydrogen 'storage materials must be “held within a narrow _band of obera‘ting
temperatures in the vicinity of 365°C to-operate effectively.

Typically, a tempera'ture gradient of less th_ah 20°C is required Within' the bed of a
hydrogen stora.ge, material during' a'bsorption/adsorptiohr in order to ensure all the
- material absorbs/adsorbs the full amount of hydrogen it IS chemica'lly capable of. If the
terhperature of the coldest meterial is more than 20°C below th'e temperature of the
hottest r‘naterialbin the bed, the catalyst will chemically react with the hydrogen to form a
hydnde thereby decreasmg its effectiveness. If this temperature difference is
significantly more than 20°C, as commonly occurs with the material closest the outer
'wall the resulting kinetics will be substantially slowed and the absorptlon/adsorptlon will
not proceed to completlon in a practical time.

As the Storage unit is fi Iled hydrogen is absorbed/adsorbed by the hydrogen storage
“material. This reactlon ls exothermic, i.e. gives off heat. The heat of reaction adds. to the
heat of compression and must be dissipated in order to hold the hydrogen storage

material within the desired operating temperature range.

As the stdrage' unit is emptied, i.e. when delivering hydrogen, hydrogeh is desorbed
from the hydrogen storage material. This reaction is endothermic, i.e. absorbs heat.
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Some storage units incorporate a heater to maintain the hydrogen storage material
within the desired operating range of temperatUres while the storage unit_ is delivvering
hydr'ogen As the desirable operating temperature is typically -well above the ambient
temperature, itis desnrable to mlnlmlse heat losses from the storage unit to the ambient
environment to mmlmlse the energy input required from the heater, i.e. maximise the
thermal efficiency.

Hydrogen storage materials produce.stréss and can deform Or__ destroy the vessel
because the material expands when it absorbs/adsorbs hydrogen. ‘Stress accumulation
can also occur in hydnde beds at hlgh packing densities as a result of the finely
pulvensed particles falling in to gaps at the bottom of the vessel; thus causmg the
hydride packing fraction at the bottom of the vessel to gradually increase.

Figure 1 schemaﬁcally illustrates a cross section of a prior art hydrogen 'sibrage unit 10
in the form of a tank including an outer wall 14 containing a bed 12 of hydrogen storage-
.'m_a_terial in the form of hydride. The outer wall 14 is mechanically stressed by a net
outward force jFR. The net outward force Fg is equal to. the force of expansion (i.e.
mechanical stress generated by the hydride) plus the hydrostatic force (i.e. the pressure
of the hydfogen).'

Figure 2 illustrates an approach of the prior art to minimising the temperature gradient in
the metal hydride bed. Figure 2 is an axial cross section view illustrating an outer vessel
20 thermally insulated by layer 30 about its exterior.

The outer vessel'20 carries aluminium foam 18, dividers 32 and metal hydride particles
34. The metal hydride pa’fticles fill the void spaces of thé aluminium foam- 18. The
mixture of t’he-aluminiﬁm foam 18 and the metal hydride particles 34 desirably has a
highér thermal conductivity than a solid bed of metal hydride particles. The dividers 32
extend tra‘nsversely across, and are spéced longitudinally along, the outer vessel 20 to
minimise the movement df the metal hydride particles 34 (which is typically in the form
of a 'pu_lve'ris_ed powder) to eliminate dense spots. The divide_rs 32 minimise the distance
the metal hydride pafticleé 34 can travel.



WO 2011/103626 PCT/AU2011/000196
3.

A line 22 extends longitudinally within the .interior of the outer vessel 20. The line 22isa

tubular structure_ with gas permeable walls forming a porous metal filter. .

Line 22 thereby fluidly communicates with the interior of the outer vessel 20 to define
reversible flow path 24 through whrch hydrogen i is received into, and delwered from, the
interior of the outer vessel 20. Desirably the line 22 is posrtroned above an upper extent
of the metal hydride particles 345

The storage unit 16 includes a coolrng tube 28 in the form of a U shaped loop extending
wrthm the interior of the outer vessel 20 along the full length of the storage unit 16. The
coollng tube 28 includes an inlet 26 and an. outlet 25. Coolant is recelved into the tube
28 via the inlet 26 and absorbs heat from the alumrmum foam 18 and metal hydnde
particles 34 as |t traverses the interior of the outer vessel 20 before emerging from the
outlet 25.

Fingre 3 illustrates a transverse cross section view of the prior art storage unit 16 of
Figure 2.

These various constructions of the prior art have significant drawbacks.

Aluminium foam is very expensiVe. It typically costs at fleastv three times as_n1uch as the
metat hydride. Moreover, the utilisation ofj the aluminium foam requires the metal
hydrrde be in fine powder form so as to effectively fill the pores of the foam and achieve
high packmg densities. Production of fine powder srgnlf cantly increases the materral '

production cost due to xncreased tooling demands.

Dividers can reduce the stress ‘on the wall of the cylinder but do not eliminate it. The
resulting stress on the wall of the cylinder with- dividers can still far exceed the
hydrostatic stress exerted by the gaseous hydrogen. Therefore, the cylinder walls need
to be much thicker than other storage tanks to resist such force. :

The drawback of using a heavrly insulated cylrnder with rnternal heat exchanger for
removing heat is the cost of safe heat transfer fluids for extractrng the heat at, say,
350°C. The available ‘ﬂurds are typically expensive, auto ignitable i r_n_ air and highly toxic.
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On top of tkhvis, the wofking temperature of the available fiuids is typically limited to
400°C which relates to a limited desorption pressure of 3 to Sbar which in turn limits the
ra'te at which __hydrogen rnay be delivered from the. unit. To achieve higher pressure
desorption. in high temp hydrides, signiﬁcantly higher temperatures are required.
Temperatures up to 600°C and beyond are achievable with electric heater elements.

The above reference to"thev prior art is not intended to be an admission that the
information forms part of the common general knowledge of a person skilled in the art.

Summary of the invention

One aspect of the invenﬁon_pfovidés a hydrogen storage unit including:
a fluid communication_ port ;
an outer vessel wall; and -

an inner compartment for hydrogen storage material in fiuid communication with
the fluid communication port, the inner compartment being spaced from the outer vessel
wall to define a peripheral volume between the inner compartment and outer vessel

wall.

In a preferred form of the invention, the inner compartment is in fluid communication
with the peripheral volume and the fluid communication port‘inc!udes one or more flow
paths for fluidly communicating the inner compartment with the exterior of the storage
unit to deliver hydrogen from, and receive hydrogen in fo, the hydrogen storage unit.
The flow communication por't'_is COnﬁguked to at least substantially bypass th-e peripheral |
volume during desorpti“o’n. of hydrogen. During delivery, the'hydrdgen' in the peripheral
. volunqe" is preferably static or slow moving' to insulate the hydrogen storage materia.l )

from the exterior. . -

It is desirable that the outer vessel wall be substantially mechaniCaIly_ isolated from
mechanical stresses generated by hydrogen storage material contained within the inner
compartment. Further it is desirable to isolate the vessel from thermal expansion or
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contraction stresses that may be induced by temperature differentials that occur during

cycling of the hydride.

The inner compartment of the storage unit is constructed to contain hydrogen storage
material. According to such units, the outer vese_el may surround at least a substantial
portion or totally contain the inner compartm_ent and be spaced therefrom to define the
peripheral volume around the inner compartment. The inner compartment may include a
- compartment wall and end pieces, the end pieces engaging the outer vessel wall to
“support the inner compartment wrthm the outer vessel. The compartment wall is
'preferably cylindrical and the end pieces conical, . frusto-comcal or hemlspherlcal in
shape. By supporting'the' inner compartment at the end pieces, intermediate structural
componente between the inner oompartment and the outer vessel can be avoided thus
reducing or eliminating heat conduction pathways betWeen. the hydrogen storage
material in the inner _cpmpartment, the outer vessel and the ambient outer environment.

Optionally, the inner. compartment wall is substantially cYIindriCaI»and the outer vessel
~ wall totally encloses the inner compartment The outer vessel may include a
‘ substantrally cylindrical interior wall concentncally surroundrng the mner compartment
- defining the penpheral volume which is an annular space Preferably the inner
: :compartment is supported W|th|n the outer vessel at the end pieces only. Thus there
are no structural supports between the outer vessel wall and the inner compartment wall
~ and hence no direct path through structural supports for heat condu_ctlon. I_n_ one form of
the invention, the inner compartment fluidly communicates with the peripheral volume
around the inner oompartment during receipt of hydrogen so that the peripheral volume
is pressunsed The inner compartment ﬂurdly communicates with the penpheral volume
at a location proximal to the fluid communlcatron ‘port and preferably through the end
pieces. The ﬂurd communlcatlon may: be provided by gas equahsatlon ports in the end

pieces of the inner compartment.

According to another form of the invention, the peripheral vplume is fluidly isolated from
the inner compartment. A fluid pressure device may be provided to control the pressure

" within the peripheral volume. By _Way of example, the fluid pressure device may be
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configured or controlled to evacuate the peripheral volume during said delivery of -
hydrogen. -

The inner compartment may be predominantly formed of sheet metal such as 0.75
millimetre thick stainless steel'(or'othef-' hydrogen compatible materials i.e. copper,

aluminium etc)..’

The hydrogen storage material may include one or more high-temperature’ metal
hydrides.

A heating element may be pr_ovided tb_héat the hydrogen storage matefial,yduring said
delivery of hydrogen.

A second aspect of the invehtion provides a hydrogen storage unit _including:
a fluid communication port;
“an inner compartment for_ containing a hydrogen storage material;

-an outer v,essél wall surrounding the inner compartment to define a péripheral.
'volume about the inner compartment isolated from the inner compartment;

a fluid pressure device in'communication with the 'peripheral volume; and .
a controller for controlling the fluid pressure device;
wherein the contrdller is configured to:

) reduce the pressure in the peripheral volume during desorption of
‘hydrogen to insulate the inner compartment; and-

i) increase the pressure in -the peripheral volume during
absorpfion/adsorption of hydrogen to conduct heat from the inner cOm'partment to

the outer vessel wall.
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A third aspect of the invention provides a hydrogen storage unit consistent with the ﬁrst
| aspect wherein:

_the inner compartment is connected to the peripheral volume by at least one
pressure equalising port; and

the fluid communication port fluidly communicates with the inner compartment
bypassing the peripheral volume; B

As wrth the first aspect in the second and third aspects the mner compartment may
~include a compartment wall and end pieces, the end pieces engaging the outer vessel
wall to support the inner. compartment within the outer vessel. The compartment wall is .
preferably cylindrical and the end pieces conical or frusto-conical in shape By
supporting the inner compartment at the end pieces, intermediate. structural
components between the inner compartment and the outer vessel can be avoided th_us
- reducing or eliminating heat conduction pathways between the hydrogen storage
 material in thev inner compartment, the outer vessel and the ambient outer environment.

The fluid communucatron port enters. the outer vessel at the top of the hydrogen storage
vessel and passes through an aperture in the top end piece of the inner compartment

Brief description of the 'drawings

Figure 1 is a schematic transverse cross section view of a hydrogen storage 'unit; '
Figure 2 is an axial cross section view of a hydrogen‘_storage unit;
Figure 3 is a transverse cross section view of the hydrogen,storage unit of Figure 2;

Figure 4 is a side view of a hydrogen storage unlt in accordance with an embodiment of

the lnvenuon

| ~Figure 5is an axial cross section view of the hydrogen storage unit of Figure 4; -
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Figure 6 is a close up view of an end portion of the axial cross section illustrated in

Figure 5; -

Flgure 7is a schematlc transverse cross section view of a hydrogen storage unit in
accordance with another embodiment of the mventton

Figure 8 is a FEA simulation of hydrogen storage unit (a) without and (b) with hydrogen
-gap;and

Figure 9 is a FEA simulation of hydrogen storage unit showing heat flux with (a) 7 bar
*hydrogen in the gap for an absorption/adsorption, and (b) 1 b_ar' hydrogen in the gap for
a desorption. '

Detailed description of the embodiments

It will be understood that the mventlon disclosed and def ned in this specﬂ” cation
extends to all alternative combmatlons of two or more of the individual features
mentioned or evident from the text or drawings. All of these different combinations’
constitute various alternative aspects of the invention. |

Figures 4, 5 and 6 illustrate a prefened'entbodimeht of the invention. The hydrogen
‘storage unit 50 includes an outer. vessel wall 52A‘ carrying an inner compartment 54A
which in turn carries a body of hydrogen storage material 56 preferably in the form of
}MgHz A tubular neck 58 defines a fluid commumcatlon port for an inlet/outlet flow path |
commumcatmg_WIth hydrogen storage material 56 carried in the inner compartment
54A.

The outef vessel wall 52A is substantially cylindrical and terminates in outwardly domed’
ends 62 and 64. An electrical junction box 51 is carried by domed end 64. The hydrogen,
storage vessels generally stand upnght on base 57 including supports 72 and Junctlon
‘box 51 for the connectlon of electrical power to electrical heating elements 55. The
heatmg elements extend from the junction box 51 but only that part of the elements_ -'
contamed within the inner compartment is active and provides heat.
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The inner compartment 54A is also cylindrical and sits concentrically within the outer
vessel 52A. The exterior of the inner compartment 54A is about 3mm smaller (in radlus)
than the inner surface of the outer vessel wall 52A to def ine a peripheral volume 60 in

the form of an annular gas space which is about 3mm thick. In this embodiment, the
peripheral v_olume 60 is" filled with hydrogen and thus forms a hydrogen gap.

The mner compartment allows for the thermal expansion and contraction of the
'hydrogen storage material mdependent of the outer vessel wa|l This reduces the levels
of thermally induced stresses ‘experienced by the outer vessel and reduces the
likelihood of structural failure of the outer vessel.

Figure 7 schematically illustrates some of the advantages of this construction. The
peripheral volume 60’ mechanically isolates the inner wall 54’ from the outer wall 52’
such that the inner wall 54’ experiences a net outward expansion force equal to the
'mechamcal forces generated by expansion of the hydrogen storage material. This
stress is not transferred to the outer wall 52’ so that the outer wall 52' experlences a net
outward force equal to the hydrostatic pressure.

The inner compartment 54A includes an inner compartment wall 54 and end pieces 66,
68. The end pieces 66, 68 engage the outer vessel wall to 'suppo.rt' the inner
compartment within the outer vessel. The engagement can be either directly onto the
inner dome end piece 62 or via a connection to the fluid communication port which in

turn is secured to the domed end piece 62.

The compartment wall is preferably'cylindrical and the cot_npartment end pieces conical
or frusto-conical in shape. By supporting the inner compartment at the compartment end
pieces, intermediate structural components between the inner compartment and the
outer vessel are not r_equired thus reducing or eliminating heat conduction pathways
between the hydrogen storage material in'the inner compartment 54A, the outer vessel

‘71 and the ambient outer environment.

As illustrated the outer vessel‘.wall 52A. encapsulates substantially all of the
compartment 54A.
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The 'ﬂUid communication conduit 58A from fluid communication port 58 entere the outer
vessel at the top of the hydrogen 'storage vessel and passes through an aperture. in the
top end’ prece 62 of the inner compartment. The fluid -communication” conduit 58A -
communicates d|rectly with an interior of the compartment 54A whereby hydrogen can
be recerved into or delwered from the storage unit 50 with only minimal drsturbance of
the hydrogen carried in the peripheral volume 60.

In this embodiment the top -'compartment end piece 6'6,v which defines an end of the
| inner compartment 54A to which the fluid communication conduit 58A is communicated,
includes pressure equalisation ports in the form of ‘six small apertures 70 equally
spaced on a pitch circle concentrie to conduit 58A.,' As illustrated, the apertures 70 are
proximal to the neck 58. |

During the removal of hydrogen from the hydrogen storage unit 50_(de$orpti0n). the -
hydrogen storage material is heated by heating elements- in the inner compartment.
Thus when the fluid communication port 58 is opened hydrogen flows out of unit 50,
from the inner compartment 54A. The penpheral volume 60 commumcates with the
inner compartme_nt 54A via the apertures 70 so that pressure in the perlpheral volume
60 is reduced. | | '-

The skilled person will appreoiate that when the fluid communication port 58 is first
opened to remove: hydrogen and the hydrogen storage material heated to desorb
hydrogen, there may be an initial flow of hydrogen from the penpheral volume 60, -
through the aperture 70, towards the outlet 50 but thereafter during removal/desorption, |
the hydrogen in the perlpheral volume is more or less static. This perrpheral volume of
low pressure hydrogen has been found to be an effective lnsulator useful for msulatrng
the hydrogen storage material 56 from the outer vessel wall 52 and the exterior of the
‘unit. This is useful fo_r' reduoing heat loss during hydrogen ,remova_l/desorption and
reduoing the amount of heat which needs to be supplied byv heating elerrtents 55. .

The unit 50 is filled by supplying hydrogen at pressure to the fluid communication port
58 whereby the hydrogen is received into the inner compartment 54A. The received |
hydrogen is 'absorbed/adsorbed by the hydrogen storage material 56. As the
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' 'absorption/adsorption of hydrogen is exothermic, during receiving/absorption/adsorption .
the unit 50 is heated by the heat of reaction as the hydrogen storage material 56
_ absorbs/adsorbs the hydrogen. As discussed, it ls lmportant that this heat is dis_s'ipated
" s0 that the hydrogen storage material 56 is maintained within its effective operating

temperate range.

'According to the illustrated embodiment, as hydrogen is provided at pressure into the
vessel 50 thrOugh the fluid communication port 58, hydrogen flows from the inner
compartment 54A and into the peripheral volume 60 via the apertures 70. As such,
during- receiving/absorption/adsorption the penpheral volume 60 is occupred by dense
| _pressurised hydrogen which forms an effectrve_ heat conductor. Thus during
receivinglabsorption]adsorption. the peripheral volume effectively. conducts heat from
the hydrogen storage material 56 to the outer vessel 52 and in turn its exterior to
dissipate heat. |

Of course the apertures 70 are not essential. According to .another embodiment of the
R in'vention; the peripheral volume 60 is tluidly isolated .from,the inner compartment 54A
SO that the 'peripheral volume 60 and the inner compartment 54A may‘ be 'helld atv
different pressures. Accordrng to this embodrment as rllustrated in Frgure 9, a fluid
pressure device, such as a positive drsplacement compressor may be used to control
‘the pressure within the peripheral volume 60°. A controller 74 is conflgured to drive the
fluid pressure device 73 to control the pressure wrthln the peripheral volume: 60’ to
| achieve the desrred degree of msulatron By way of example the controller 74 and fluid
pressure device 73 mrght reduce the pressure in the perrpheral volume 60’ durrng
removal/desorptlon for rmproved insulation and reduced heat losses. Indeed the fluid
pressure devices 73 and controller 74 may be confi gured to evacuate the perrpheral
volume for improved insulation, i.e. by providing a negatlve pressure. The fluid pressure
device 73 and the controller 74 may be mtegrated Alternatively they may be separated
_' by some distance. The controller 74’ may be mounted within the junction box 51. .

Durlng recervrng/absorptlon/adsorptlon the fluid pressure device 73 and controller 74
~ will typically rncrease the pressure ‘within the penpheral volume 60’ for |mproved heat~

transfer_. h
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Variants of the invention have application to:

solid-state, hydrogen cylinder packs for replacement of compressed gas MCP’s;
. solid state hydrogen storage system packaged in a shipping container;

. solid state hydrogen storage system for interface to high temp fuel cell for waste
heat recovery;

e hydrogen storage system to interface to internal combustion engine for wast heat
utilisation; '

. , hydrogen storage systems for refuelling applications; and

. hydrogen storage systems for PEM fuel cell applications.

To illustrate the effectiveness of the invention, Figure 8 'shows a finite element analysis
simulation of hydrogen storage unit without (A) and with (B) hydrogen gap. The chrllrng
effect is clearly noticeable on the unit wrthout the air gap in the matenal closest to the
outer wall. In contrast the chilling effect in the unit with the hydrogen gap is srgnlf cantly
less.

The thin gap also allows a large temperature dn‘ference between the edge of the hydnde .
'bed and the cylrnder waII This allows the hydride bed to operate with <20degC '
temperature gradient from the centre to the perimeter (e.g. Tcente, = 370DegC, Tinnerwall = "
360 DegC) while the o,uter wall operates at a much lower temperature of 250DegC.

Lastly, the hydrogen pressure wrthrn the gap can be changed between
absorptron/adsorptron and desorption to bias the heat transfer to match the
requrrements. For absorption/adsorption, where good heat transfer between the bed
and the wall is required, the hydrogen pressure should be high to increase conductivity.
In contrast, during desorption where »}heat loss is undes_irable, the pressure can be much
loWer or a vacuum to minimise the thermal conductivity between the bed and the outer
wall. The eﬁect of hydrogen.pressure in _the gap is shown in Figure 9 which is a finite
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element analysis simulation of hydrogen storage unit showing the much greater heat
flux with (a) 7 bar hydrogen in the gap for an absorption/adsorption, and (b) 1 bar
'hydrogen in the gap for a desorption

A hydrogen filled gap between the bed and the wall is naturally pressurised during
absorptioh/adsorption when higher pressures are desirable;'\'Th_e'hig‘her pressure
Hydrogen conducts heat well from the bed to the outer wall of the_Unit'where the
external cooling System can extract the heat.

A hydrogen filled gap between the bed and the wall is naturally depressurised or even
vacuumed during desorption when lower pressures aré desirable. The_lower presSure
hydrogen/vacuum insulates heat well from the bed to the wall of the unit thereby
minimising heat loss. | | |

The pressurisation and depressurisation of the gap can be passive and follow the
pressure changes of the uhit fo'r_abso_rption/adsorption and désorption. Alternatively, the
gap can‘be isolated from the metal hydride bed and therefore have a different pressure
to the bed. This would'_allow inducing a vacuum inside the gap whiIe desorbing at
pdsitiVe pressure as well as absorbing/adsorbing at low pressure with a much higher
pfessure of hydrogen in the gap. |

It vwil“i be understood that the invention disclosed and defined in this specification
extends to all alternative combinations of the individual features mentioned or evident
from the text or drawings. All of these different combinations constitute various
alternative aspects of the invention. . | ' ' |
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- CLAIMS

1.~ Ahydrogen storage unit incluvding:‘
a fluid communication port;
~ an outer vessel including an outer vessel wall; and |

an inner compartment for hydrogen storage material in fluid communication with
~ the fluid communication port, the inner compartment being spaced from the outer vessel
wall to define a peripheral space between the inner compartment and outer \i_essel wall.

2. The hydrogen storage unit of claim 1 wherein the inner compartment contains the
hydrogen storage material; the outer vessel surroundrng at least a substantial portion of
" the cor_npartment andvspaced therefrorn to define the peripheral volume.

3. The hydrogen storage unit of claim 2 Wherein the inner compartment includes a
compartment wall and end pleces the end pieces engaging the outer vessel wall to
support the inner compartment W|th|n the outer vessel

4. -The 'hyd‘rogenstora'ge unit of claim 3 wherein the inner compartment is supported
in the outer vessel at the end pieces only. -

5. The hydrogen storage device of claim 3 or 4 -wherein the fluid communication
port is configured to at least substantially bypass the peripheral volume.

6. The storage unit of claim 1, wherein the inner compartment is in fluid
communication with the peripheral volume._

7. The hydrogen storage unit of claim 6 wherein the mner compartment is in ﬂurd
communication wrth the perlpheral volume at a location proximal to the fluid -

commumcgtlon port.
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8. The hydrogen storage unit of any one of clarms 1 to 7, the inner compartment
being substantially cylindrical, the. outer vessel surroundlng substantlatly all of the
compartment and having a substantlally cylindrical interior whereby the peripheral

volume is an annular space.

9. The hydrogen storage unit of any one of claim 1 to 86 wherein the hydrogen
storage material includes one or more high temperature metal hydrides.

10.  The hydrogen storage unit of any one of claim 1to 7 further including at least one
heating element for heating the hydrogen storage material to desorb hydrogen from the
*hydrogen storage material.

11.  The hydrogen storage unit of claim 10 wherein the heating element includes an
electric heating element.

12. A hydrogen storage unit of claim_'1. ‘wherein:

~ an inner compartment for hydrogen storage material in fluid communication with the
fluid communrcatlon port, the inner compartment being spaced from the outer vessel
‘wall to define a peripheral space between the inner compartment and outer vessel wall.
the penpheral volume about the inner compartment is fluidly rsolated from the
‘ inner compartment the hydrogen storage unit further rncludmg ‘

- a flid pressure device in COmmunication with the peripheral volume; and .
a controller for controll_i_ng the fiuid pressure device;
wherein the controller is configured to:

_ 'i) reduce the pressure in the peripheral volume during desorption of
hydrogen to insulate the inner compartment; and
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i)  increase the pressure' in the peripheral volume during

absOr‘pt'idn/adsorption of hydrogen to conduct heat from the inner compartment to

the outer vessel wall.

13 The hydrogen storage unit of daim 11 wherein the inner cdmpartrhen't includes a
compartment wall and end pieces, the end pieces engaging the outer vessel wall to

SUpport the inner compartment within the outer vessel.

14.  The hydrogen storage unit of claim 11 or 12 wherein the controller is conﬁgufed
to evacuate the peripher_al volume during removal of hydrogen from the hydrogen

storage unit.
15. A hydrogen stbr_age unit of claim 1 wherein:
the inner corh‘pa‘rtment- is connected to the periphefal volume by at least one

_pressure equalising port; and the fluid communication vpori fluidly communicates with the
inner compartment bypassing the peripheral volume; '
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AMENDED CLAIMS
received by the International Bureau on 24 June 2011 (24.06.2011)

1. A hydrogen storage unit including:
a fluid communication port;
an outer vessel including an outer vessel wall; and

an inner compartment for hydrogen storage material in fluid communication with
the fluid communication port, the inner compartment being spaced from the outer vessel
wall to define a peripheral space between the inner compartment and outer vessel wall,

wherein the inner compartment is in fluid communication with the peripheral
volume.

2. The hydrogen storage unit of claim 1 wherein the inner compartment contains the
hydrogen storage material; the outer vessel surrounding at least a substantial portion of
the compartment and spaced therefrom to define the peripheral volume.

3. The hydrogen storage unit of claim 2 wherein the inner compartment includes a
compartment wall and end pieces, the end pieces engaging the outer vessel wall to
support the inner compartment within the outer vessel.

4. The hydrogen storage unit of claim 3 wherein the inner compartment is supported
in the outer vessel at the end pieces only.

5. The hydrogen storage device of claims 3 or 4 wherein the fluid communication
port is configured to at least substantially bypass the peripheral volume.

6. The hydrogen storage unit of any one of claims 1 to 5 wherein the inner
compartment is in fluid communication with the peripheral volume at a location proximal
to the fluid communication port.

AMENDED SHEET (ARTICLE 19)
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7. The hydrogen storage unit of any one of claims 1 to 6, the inner compartment
being substantially cylindrical, the outer vessel surrounding substantially all of the
compartment and having a substantially cylindrical interior whereby the peripheral
volume is an annular space.

8. The hydrogen storage unit of any one of claim 1 to 7 wherein the hydrogen
storage material includes one ar more high temperature metal hydrides.

9. The hydrogen storage unit of any one of claim 1 to 6 further including at least one
heating element for heating the hydrogen storage material to desorb hydrogen from the
hydrogen storage material.

10. The hydrogen storage unit of claim 9 wherein the heating element includes an
electric heating element.

11. A hydrogen storage unit of claim 1, wherein:

an inner compartment for hydrogen storage material in fluid communication with the
fluid communication port, the inner compartment being spaced from the outer vessel
wall to define a peripheral space between the inner compartment and outer vessel wall.

the peripheral volume about the inner compartment is fluidly isolated from the
inner compartment; the hydrogen storage unit further including

a fluid pressure device in communication with the peripheral volume; and
a controller for controlling the fluid pressure device;
wherein the controller is configured to:

i) reduce the pressure in the peripheral volume during desorption of
hydrogen to insulate the inner compartment; and

AMENDED SHEET (ARTICLE 19)



WO 2011/103626 PCT/AU2011/000196
19

ii) increase the pressure in the peripheral volume during
absorption/adsorption of hydrogen to ¢onduct heat from the inner compartment to
the outer vessel wall.

12. The hydrogen storage unit of claim 11 wherein the inner compartment includes a
compartment wall and end pieces, the end pieces engaging the outer vessel wall to
support the inner compartment within the outer vessel.

13. The hydrogen storage unit of claim 11 or 12 wherein the controller is configured
to evacuate the peripheral volume during removal of hydrogen from the hydrogen
storage unit.

14. A hydrogen storage unit of claim 1 wherein:

the inner compartment is connected to the peripheral volume by at least one
pressure equalising port; and the fluid communication port fluidly communicates with the
inner compartment bypassing the peripheral volume;

AMENDED SHEET (ARTICLE 19)
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