1 Hydrogen Storage Unit Field of the invention The invention relates to a
hydr ogen storage unit and particularly a unit which can be used for solid
met al hydwoaderzsaept i on/ adsorpti on and desorption of hydroges/Beokgr ound
of the invention Hydrogen may be stored for use as a fuel or for other

pur poses. Sone hydrogen storage units include an enclosed volune carrying a
bed of hydrogen storage material such qs catal ysed MgH2 or ot her high
tenperature netal hydride (and various 'alloys). There are a nunber of
thermal chall enges associated with such storage units. Typical hydrogen
storage materials must be hel Hydrbfeh StopdgeWmwignd of operating
tenperatures in the vicinity o? 365C to operate effectively. Typically, a
tenperature gradient of less than 20C is required within the bed of a

hydr ogen storage material during absorption/adsorption in order to ensure
all the material absorbs/ adsorbg"’!‘he fthe invgRdemt of hydrogen it is

chem cal I%%capabl e of. If the tenperature of the coldest material is nore
than 20CThRliR¥eNtiAR relaigscioaa (ydrogen sterags wunitsand pardieviarly AruRtwhishcan be

catal yst id #orgtamqg“ hgdﬁfea&ssoymm/éda%ymra@ﬂedbsbgmgﬁrdfm BYéhi de, thereby

decreaS|ng Its e ness this t erature erehce”i s
significantly nore than 20C, as commonly occurs with the material cl osest
the outer wall, the resulting kinetics will be substantially slowed and the
absorption/adsorption will n chBU‘HEHﬁ'&B‘edBH?ﬂ'é‘?'P on in a practical tine.

As the storage unit is filled, hydrogen is-absorbed/ adsorbed by the

hydr ogean@@gagemﬁmt@r stared fori ys¢ @&C?IfHﬁl P& fIxethRE PHROSES. §°rr@ bedrogen

heal . Theohet ufifs mefkidrediskedRIiME dBRfhgd be@ BPRAHBLER sRRByd Hbtert

di ssi pate er to hydrogen storage material wthin the-
desired syras caiglysedrﬂlgmtqmﬂwefmg\etempeoatwesm@taébwdrm (pnd vadeRloNsk a
heater to mai ntain the hydrogen storage material within the desired

operati n%l range of tenperatures while the storage unit is delivering
hydr ogenThete arieca auabesf thespat enallrpoeseapaciated withsuch starage y‘nlt%T)fP'%ove

the anbi ﬁ\{r# 05? t@{??édf EmatefialsS nflfst! 6&Ph&d! Kithin g ﬁa?ro@@aéaﬂdo%?eﬁﬂéfaﬂﬁbt he

storage U nbi'ent environnent to mnimse the energy input
r equi r edtemparatunes indhe aicinity of 365¥ tondpasateraffectivalyral ef fi ci ency.

Typically, a tempera'ture gradient of léss* 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 material 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.



Hydrogen storage materials produce stress and can deform or destroy the
vessel because the material expands when it absorbs/adsorbs hydrogen.
Stress acwoOrmoiiamBe@a can al so occur in hydride beds at hipgh/Aieikaio0gnoe
densities as a result of the finely pulverised particles falling in to gaps
at the bottom of the vessel; thus causing the hydride packing fraction at
the bottom of the vessel to gradually bncrease Figure 1 schematically
illustrates a cross section of a prior©art hydrogen storage unit 10 in the
formof a tank including an outer wall 14 containing a bed 12 of hydrogen
st or age 8amerstatagenunitseinfcorporate dyheateteto Mbiptainitthe hydrdgehdstosageesiatetiatal |y
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Il lustrates an approach of the prior art to nmnimsing the tenperature

gr adi ent en?pqrwer%&'mdeﬁmlﬁa%%@lsqﬂ*@iﬂ@szs fromythe-storage Ynida the.ampigAt vi ew
| Il ustr aghiGnaten? 4 %mm&?%e 89e,pye1ﬁ;smlrbuuwé&sﬁbﬁtmé HAtERY B m3RiniBeWhe i t S
exterior. The outer vesser ies alum nium foam 18, dividers 32 and
met al hythermal gfficiency. es 34. The metal hydride particles fill the void
spaces of the alum nium foam 18. The m xture of the al um nium foam 18 and

the metal hydride particles 34 desirably has a higher thernal conduct|V|ty
than a sbydregpadsterageematerialsd Prasicgastiass| ard canedeipim i desiroye thee Messel

transver ﬁgé%sg(ilt[n% miatertd] %xﬁ% s}f\ﬂiﬁﬁﬂ r?%tg&‘?bfaﬁgbrﬂg IhydrogeRn %trés%%c?% flafich’>>® |

20 to mnimse hydri particles
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out er veRydrideshckifigefrddtion althei bottant ofahé&essni tagradualiyintfeagas per neabl e
walls formng a porous netal filter. Line 22 thereby fluidly comunicates
with the interior of the outer vessel 20 to define reversible flow path 24

t hr ough Riguch1 rsgctiemgmallysllus«amswedrosatset;tlcmmf aprlionast bytrogemstordge unmit €0 i or
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16. The ee¥arsdorcsy .7He At quera dotts) kr is89ual do e Jatdece! xpansisn i s

recei Vednie@h&m&ﬁ%tﬁe%@%eﬂ@ra\’é@bﬁ e ryatigé) plés ﬁb@&éﬁﬁo?@aﬁ .ef herprédsire

al um ni um f oam 18 and netal hydride partlcles as it traverses the
interi orobm_etm!dmﬁnér vessel 20 before enmerging fromthe outlet 25. Figure
3 illustrates a transverse cross section view of the prior art storage uni t

16 of Fiqure 2. These various constructions. of the eror art .hav
signi fi nggprqh‘z éj{mgg@ an approach of the prior art to m|n|m|smgt e temperature gradlent in

the metal hydnde bed. Figure 2 is an axial cross sectlon view illustrating an outer vessel
20 thermally insulated by layer 30 about its extenor.

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’hé-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'rised powder) to eliminate dense spots. The divide_rs 32 minimise the distance

the metal hydride pafticleé 34 can travel.



Alum niumfoamis very expensive. It typically costs at |east three tines
as nuch as the netal hydride. Modreover, the utilisation of the al um nium

f oam r equyopes1vtss26et al hydride be in fine powder form seratba/wbifecti vely
fill the pores of the foam and achi eve hi gh packing densities. Production
of fine powder significantly increases the material production cost due to
I ncreased tooling demands. Dividers cap reduce the stress on the wall of
the cylinder but do not elimnate it. $he resulting stress on the wall of
the cylinder with dividers can still far exceed the hydrostatic stress
exerted Ryink?® gaseidusndisudinde withfhibeahterier ofithe oatdrivesiss! 20aThs lineg2did a be

much thicker than other storage.tan resist such f The drawback of
using a h@a‘tﬂflSVUFWﬁleﬁ'f' 9aseyrf3?ﬂ%¢ W\%ﬁ? %prqnmgeép H87°uﬁé%?ta€f§!@hanger f or

Lermvr ng heat is the cost of safe heat transfer fluids for extractr ng the
eat at, 50C. The avail ahl e f o are t aII

i gni t abl E'”Pr?zaﬁte %Ydﬂ-‘l‘igtyl‘ﬁ%mm‘o@é%tes W hdi'et'B'ﬁ"Be/Bt f??ﬂﬁa d8h8

tenper at @hRrsible flod @e\tﬁlzhathtoogﬁ HidHShydiogetPisaatéived mto tamd deuvér@aeromlmb
relates to-a limted esorPtlon pressure of 3 to Sbar which in turn linits

the rat eindgriogief e ayter verse! A8yDesdrably the dipe #2ris pRSIfiRRed,RPQVe arhuRReT;etrNt
hi gher PLERSHhEta pﬁfo‘?fdetda?ﬁblelsﬁh hi gh tenp hydrides, significantly higher

tenperatures are requl red enperatures up to 600C and beyond are
achievable with electric heater el enents. The above reference to the prior

art is Nehe 'serﬁgéjGHrt 48 ul%&é% RE00IiRG 1@k 28T theltermh bf 81U SHdpes ré&gj 8ReRding of

t he comon geneTa ge of a person.skilled in-the art of the
i nvent i owltb]methasliﬁédt)f fothe theirrveml |2(9rﬁ|m9)thecféﬁ I@gﬂyst @gesﬁoraeemgé%ﬁh o

i ncl udi ngoolth fduHL SaGRATIHE Eﬁtutlé’t“Zé)th an outlet 25, Coolant is recerved into the tube
28 via the inlet 26 and absorbs heat from the alummrum 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_tnuch 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 packrng densities. Production of fine powder srgnlf cantly increases the matenal '

production cost due to rncreased 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 cyllnder with rnternal heat exchanger for
removing heat is the cost of safe heat transfer fluids for extractlng the heat at, say,
350°C. The available ‘ﬂurds are typically expensive, auto ignitable i r_n_ air and highly toxic.



an outer vessel wall; and an inner conpartnent for hydrogen storage
material in fluid comunication with the fluid communication port, the

i nner congenbiemie2eei ng spaced fromthe outer vessel walpkTiau20afionesa

peri pheral vol unme between the inner conpartnment and outer vessel wall. In a
preferred formof the invention, the inner conpartnent is in fluid

communi cation with the peripheral vol UEFE and the fluid communi cation port

i ncl udes one or nore flow paths for fltidly communicating the inner
conmpartment with the exterior of the storage unit to deliver hydrogen from
and recepuetopysf hige thé mdr?ipgttbmpbyaim@gellhtmt availgbleufivits iF lltﬁ_)'in‘:béllymﬁmitedh to
communi cation port is configured to at |east s taptially. ass .t he

o e 2000w Bich refafesria St AsoPton RiceRER ohs TP it UG Jits e

hydr ogenegtd g Rghifte hiy@ogea! mip bdrdelivEredr £éRM tABI uhits T héhidVe Hlghier IPRYdslge L0

i nsul ate the hydrogén storage material fromthe exterior. It is desirable

t hat t hedegarption,dg skigh vigmp g\e‘dédﬁ%t%lmlﬁ%ﬁﬂﬂy highetempeIajures ofrg: denyifedm
mechani c ; 2L haks jmed within
the | nnerBREITEE LpR6 AT Ba BYCHESRIERCRRE IR dECIE heatcf BRIRLAST 1\ o

t hermal expansion or - WO 2011/ 103626PCT/ AU2011/ 000196 contracti-on stresses
that mayThe dddduCRfrbicd SRAE et Sarflid gt Gbndec® 16 MY aRCadthissieh! it ! I ng
of the hydride. The Inner conpartnment of the storage unit I s constructed to
cont ai n imfatmatien fams pagtofithe eomaon genenl knayledge ofiatpergan skilledtie thaad '
vessel may surround at |east a substantial portion or totally contain the

i nner conpartnent and be spaced therefromto define the peripheral volune

around the inner conpartnent. ghifinafyé¥the dAvaHtiorent may i nclude a
conpartnment wall and end pieces, the end pieces engaging the outer vessel

wal |l to i &ﬁd}’g ' dMiakRi wassel . The
conpart m@ﬁg%&gﬁ@g%@gg@ abl yﬁggﬁmgwggﬁ sngr{gﬁﬁgmer%{jngﬁzces coni cal ,
frusto-conical or hem spherical in shape. By supporting the inner
conmpar t ment a4 fiigeofimsuriéRipAport;Nt er nedi at e structural conponents between
the inner conpartnent and the outer vessel can be avoided thus reducing or
elimnating heat conduction pathways between the hydrogen storage materi al
in the inner gpowerieasel wallmdouter vessel and the anbi ent outer
environment. Optionally, the inner conpartnment wall is substantially
cylindrical and the outer vessel wall totally encloses the inner

conpart ment . dhmnencempurmeat fomhydiogeh sterage sateria it iflaik:llc;ormyluh'inaltidmwith
interior wall concentri.call ur.roundi ng .the.jnner co rtnent defining the
per | pher 116 18 GRBTRSaHoR Bo P8 AT SPmEaaiEnt bABS SpAGHY, Toant RHET vedseld ' e
conpar t Mgall tbdefmBPP pefhetal PolimeNsetweb® they @sfes | cofipdritert ithdpogtee vessdl y -
Thus there are no structural supports between the outer vessel wall and the
i nner coWﬁﬁ-rtmant wal | and hence no direct path through structural supports

for heat conduction. In one formof the invention, the inner conpartnent
fluidly conmunicates with the ri pheral volune, around the inner . .
conpar t méh# Rfﬁfqrﬁftj’ fr%’EEeqfﬁPe Anvenyan. G’En‘-f‘gg ‘E%‘fa'{’ﬂ_%"t_dér'f‘ pd?l'éir 8?‘"%&“&5?&?‘? s
pressur i Gifl-thd PRribREIEN vaIGRBNNRS uld ctritnMnicaiBR port aickided drie dheorefiawher al
volune at. a location proximal to the fluid comunjcation por

pr ef er abpgthsHpbiligr vt W'@Hﬂi‘?éﬁ'&@@.’i"wfecqueﬁrﬂ“%ﬁﬁ‘fﬁhf’@a@’ﬁ%‘%’n‘%&ﬁggt%ﬁ%ﬁ’/i ded
by gas eghl IRfVAMyRAEJeh frdm! BRd $8CEiRE RFESEN i BS thEMGEIrCyRPAbIZRnit.
The flow communication por't'_is COnﬁguked to at least substantially bypass the peripheral
volume. during desorpti“o’n. of hydrogen. During delivery, the'hydrdgen' in the periphera_l
. voluﬁ_we" is. preferably static or slow moving' to insulate the hydrogen storage material )

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



According to another formof the invention, the peripheral volune is
fluidly isolated fromthe inner conpartnment. A fluid pressure device may be
provi ded WO 20tt08@b t he pressure within the peripheral POTWNE011BYOMEY Of
exanple, the fluid pressure device may be configured or controlled to
evacuate the peripheral volume during said delivery of hydrogen. The inner
conpartnment may be predom nantly for of sheet netal such as 0.75
mllimetre thick stainless steel (or dther hydrogen conpatible materials
i.e. copper, alumniumetc)._ The hydrogen storage material may include one
or hrmr e doﬂgbcttcﬁrmgsse'snﬂeatn'ﬂa;abe imdiiced &y .terpbetitrierdiffereptinie thatwgclredyringvi ded
0 heat the 0 torage material during said delivery of hydrogen. A
second & '&&gfékegﬁg' vention provides a hydrogen storagé uni tyl nclgudl ng:
a fluid connunlcatlon port; an inner conpartnent for contalnlng a hydrogen

conpar t iR Mgt sempagmanf e g Eabe VR inSomalied REEHAR Mieddl Sormse
i sol at ednétena. tAGordiig o eQEPanitsTEM outer vessel may surround at |eas_t 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 s'upports between the outer vessel wall and the inner compartment wall
_ and hence no direct path thr’ough structurai supports for heat conduction In'on’e form of
the invention, the inner compartment fluidly communicates with the penpheral volume
around the mner compartment during receipt of hydrogen so that the perlpheral 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



a fluid pressure device in communication with the peripheral volune; and a
controller for controlling the fluid pressure device; wherein the

cont r ol | ewoi2811¢08626gur ed t o: i) reduce the presswpre/Av20i1vo196
peri pheral volume during desorption of hydrogen to insulate the inner
conpartment; and i1) increase the pressure in the peripheral volune

during absorption/adsorption of hydroggn to conduct heat fromthe inner
conpartment to the outer vessel wall. “A third aspect of the invention
provi des a hydrogen storage unit consistent with the first aspect wherein:
t he i nnegorffigarst onestintrolied: do revateatet thet perigheral pladuak  dwingrsaidy deliveneaft one
pressure %&ualising port; and - the fluid communication port fluidly
conmuni cBYHBQ9&R-th the i nner conpartnment bypassing the peripheral volunme; As
with the first aspect, in the second and third aspects, the inner

conmpar t ngnt .may incl ude conpar tnent .wal.l -an i ' +€ Leces
engagi ng?‘ ?%én'?%t ‘é‘?’“%'gg%']ﬁ -Wﬁwbe[ Bres"{(}ﬁﬂ%?qteyt Pﬁgﬂ?ﬁn%grs‘%ggmﬁt?ﬁgﬁ?h \%Igt(ﬁ?ﬁ t he
out er vegfithetrd Aick ostRRIdsEESteeVr | othér: Aydrogeadoynpatiblen daterédls ded copperend
pi eces conical or frusto-conical in shape. By supporting the inner

conpar t nBHMNIREM§E)-end pi eces, internediate structural components between
the i nner conpartnent and the outer vessel can be avoi ded thus reduci ng or
el i mnating heat conduction pathways. between the hydrogen storage matierial
Cn the. | FRMYEPGRT SIRIAGS TTRBTRL TR SLE) Ol P METe, PTG AR BRELReS Mot o
envi r onngdridethe fluid comunication 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 conpartnment. Brief description of the draw ngs

A heating element may be provided to heat the hydrogen storage material during said

delivery of hy_drogen.

A s‘écond aspé‘ct of.-the invehtion broVides a hydrogen storage unit _including:
a fluid communication port;
‘an inner compartmént for_ containir)g a hydrogen storage m.ater.ial;.

-an outer vessel wall surrounding the inner compartment to define a peripheral.

'V'olume about the inner compartment isolated from the inner compartment; |
a fluid pressure device in'communication with the 'peripheral volume; andf ,
a c_on'troller for controlling the fluid pressure device;
wherein thé.contrdller is COnﬂgufed to:

i) 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.



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;
Fi gure 3 we a1ivmadsver se cross section view of the hydr egembar@geesuni t of
Figure 2; Figure 4 is a side view of a hydrogen storage unit in accordance
wi th an enbodi nent of the invention; W 2011/103626PCT/ AU2011/ 000196
Figure 6 is a close up view of an end _Portion of the axial cross section
illustrated in Figure 5; Figure 7 is a schematic transverse cross section
view of a hydrogen storage unit in accordance with another enbodi nent of

t he i nventhirhaspgecoof ednvention prdvidésal hgdiogen etorbyel uniy eonsistentgith the firs( a)

w thout and (b) with hydrogen gap; and Figure 9 is a FEA sinulation of
hydroge@@?ﬁ?‘ﬁé@eﬁ‘hit showi ng 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. tail ed description of t enbodi nents tt wll be understood
that  Lhe | nvelel BRSUPUBPEERNG RoemneHRa o B RATenea voldus v it BRECHTR to
all al te‘;rgggdrg%qggmgpg@dt;m of two or nore of the individual features
mentioned or evident Tromthe text or drawings. Al of these different

conbi nations constitute various alternative aspects of the invention.
the fluid communication port fluidly communicates with the inner compartment

bypassing the peripheral volume;

As With. the first -aspect,: in the second and third aspecis‘. the inner compartment may

~include a 'compartmej,nt wall and end pieces, the end pieces engaging the outer vessel
wall to supp_dft the inner compartment within the outer vessel. The compartmént wall is .
preferably cylindrical and the end pieces conical or frusto-conical in shapé. By
supporting the inner compartment at fhe end pieces, inte_rm'ediate structufal
components between the inner compartment and the outer vessel can be avoided th_ué

- reducing or eliminating heat conduction pathways between the hydrogen storage
matérial in thé inner éompartmeht, the outer vessel and the ambient outer environment.

The 'ﬂuidvcommunication 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 descriptioh 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 hydrogeh‘_storage unit;
Figuré 3 is a transverse cross section view of the hydrogen storage unit of Figuie 2;

Figure 4 is a side view of a hydrogeh storage unit in accordance with an embodiment of

the inventioh;

" Figure 5 is an axial cross section view of the hydrogen storage unit of Figure 4;



Figures 4, 5 and 6 illustrate a preferred enbodi nent of the invention. The
hydr ogen storage unit 50 includes an outer, vessel wall 52A carrying an

i nner conwenhiemie264A which in turn carries a body of hpdrogemigoenage
material 56 preferably in the formof MH2. A tubular neck 58 defines a
fluid communi cation port for an inlet/outlet flow path conmunicating with
hydr ogen storage material 56 carried in the inner conpartnent 54A. The
outer vessel wall 52A is substantially®cylindrical and termnates in
outwardly doned ends 62 and 64. An electrical junction box 51 is carried by
doned erggGé 6 THa Hsk apeview tofrangend peRivhsoftas endallyosst sedtionpilugtatedin base
57 includrng supports 72 and junction box 51 for the connection of

el ectri dd9uigctier to el ectrical heating el ements 55. The heating el ements
extend fromthe junction box 51 but only that part of the elenents

contained within the i nner conpartnent is.active an rovi des heat ... .\WO
2011/ 103‘69@%?/@@9&’@@%@1@@%@% Hi98 SEELVIEN:R a?&%“?%e"af@ A9 PN i cal
and si t S, GRRRIRb iR it dlihbet Tui@wvemssel 52A. The exterior of the

i nner conpartment 54A is about 3mm snaller (in radius) than the inner
surface of the outer vessel wall 52A to define a peripheral volume 60 in
the for”Fi?ﬂr@@i@@FEhaéimﬁmioﬁWﬁ?d &6 Btdragetmitifa) vithouhand (b)lwitt hydyogen
enbodi ment, the peripheral volune 60 is filled with hydrogen and thus forns

a hydrog@ﬁp;@@ﬁ, The inner conpartment allows for the thermal expansion and
contraction of the hydrogen storage material independent of the outer

vessel wall. This reduces.the ]Jevels of thernally.indu st.res _

experi enE'GHr%?/'Sc%EE&ﬁ"@Pl,ay@%QE%'V ﬂ@?'?%te[?@@é'"l't@o |'q9eﬁq??i§'§ﬁ %ﬁﬁgfftsqéfural |
failure Qigrbién BUh8'gap e abdorstighfadéofstidANEMd |1|bérIHyHtU§tehaﬁﬂ%§q}mbr0f ‘the
advant ages of this construction. The peripheral- volune 60" nechanically

i sol at esadpeoriptioRr wall 54' fromthe outer wall 52' such that the inner

wal | 54" experiences a net outward expansion force equal to the nechani cal
forces generated by expansion of the hydrogen storage nmaterial. This stress.

is not transferred to tipetailéddestdiptiGof the émbbdimentsut er wal | 52
experiences a net outward force equal to the hydrostatic pressure. The

i nner copgiilt B Nindefdlobd\Ghatde mVehtiviedisegpar dre aefinéd lin Hisaspeoifivdtion eces
66, 68. The end pieces 66, 68 engage the outer vesz{gj wal, | .t,g@u port the
i nner comgendsidat alhaltemative ccasphiBatianss ek ey B1e (ndlis indiy Yies

di r eCt | Yynfbfigndd1Br I dWRftn AR 190 Gt SCAralingd! Al f TheRBIWIfsient Gofrbiridigné | ui d

conmmuni cation port hinturn is secured to the domed end piece 62. The
conpar t meonstifute ivariguspaltareativel aspegisiohthe ipwentioRd t he conpartment end pi eces
conical or frusto-conical in shape. By supporting the inner conpartnent at

t he conpartnent end pieces, internediate structural conmponents between . the
i nner cofigarenénd an6tilistists arpretestes| embediment P@zﬁ f"é’gﬁ?q’ﬂ;gheeg PEE" O

el i m nat Lgadieghit 89TIALIGILln RAIPARLSCINGAINEER chiftBinG il PSR compaRagnrBALT i al

in the inner” conpar e outer vessel.. and t he anpi ent outer

envi r onmahich inW@rrRcarties eaEiyFef hysrogen stoGgegpaterial 56 preferably in the form of
MgH. A tubular neck 58 defines a fluid communication port for an inlet/outlet flow path
communicating_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 véssels generally stand upright on base 57 including supports 72 and junétion
‘box 51 for \the connection of electrical power td electrical heating elements 55. 'The |
heating elements exténd.'from the junction box 51 but only that part of the éjements. |

contained within the inner compartment is active and provides heat.



10 The fluid conmmuni cation conduit 58A fromfluid comuni cation port 58
enters the outer vessel at the top of the hydrogen storage vessel and

passes t hwouglymps2aperture in the top end piece 62 of tlperiav2e11/000196
conpartment. The fluid conmunication conduit 58A conmmunicates directly with
an interior of the conpartnent 54A whereby hydrogen can be received into or
delivered fromthe storage unit 50 with only m ni mal disturbance of the
hydrogen carried in the peripheral voltunme 60. In this enbodi nent the top
conpartment end piece 66, which defines an end of the inner conpartnent 54A
t o whi chrHehimnét uonhpanmen'n 64ALtis atsocoylidurital M sits mmmlcala{ withini thel auders

t the f f { 70 K

et oeaeiasy f hefedtr ob ednbe cormanoonms o s AUt riler I feiBfhe 'Y

?per t ;JL etﬁ%ﬁ gwéfrﬁe%?ﬁéééﬁbf the dtdfegomg& dll ?mm ﬂéﬂ?\&a rffeﬂﬁbdlal v@?n'iey(w mgen
rom e rogen storage uni esor 1on), [ rogen st.ora

mat er i alth¢§0m%f@ﬂ quﬁég’aﬂqsnﬂoaéﬁéﬁ@ﬁ'? sa °lﬂth¥?"mn'&|‘§? B%%ﬁ%gmﬂ?ﬁtmeﬁfgﬁ? when

the flulg ARIYObRA ﬁ';s%é&wﬁtﬁﬂy&hdg%ﬁ%@ thﬁyféfrﬂg%rhywr@é&\gw of unit 50,

fromth I'nner -conpartnent 54A. “The peri pheral vol une 60 comuni cates with
t he i nner corrpartrrent 54A via the apertures 70 so that pressure in the

peri pherﬁﬁ mﬁahﬁneh@%ﬂ@@é fthﬁe St'ﬁéhhﬁd eRSArER Whtll camtiicaen asretiehat

when th ni cation port first opened to renove hydro en

and t he hypmgegwestoeag@rmg@naunéﬁmdenb@&tbg outserdfsgsﬁl ivaly dihis Jegucesibe de
an initig err%’ Vegfllamﬁdogﬁgﬁerso%é?%n%& I@hea | outél! YBEsehCand el W‘P

aperture'7 e ou ter during

r enoval /l&ehlmqﬁofcstructdvalfawe@gmeou’aeﬂ\tasspler| pheral volune is nore or |ess
static. This peripheral volune of |ow pressure hydrogen has been found to
be an effective insulator useful for insulating the hydrogen stora _
mat er i al Fig@ref Fr’osnhematloausenllue@eteelsqm lof 3he pdyantages of dhisoponstructign. &hq

Thi i

T o R i B Ay SR e 885 B Shclnat Bl o

el enent ssueh. thaheheuiriner Walli 54’ fembmhdeg astmpp bytwayd rqxdangem ferce paqyalstu tha o the

fluid t rt 58 t he h t

Compar  TORCTaGa! foress, atnstaiel] Y Fatiien B 83uodert SRS Bt Thur ogen

storage gpdselié Abt Pansfémed firthe\0lte? Wall/ 52036 @i OLEZO WA GQOéﬂﬁrléﬂnces a net
outward force equal to the hydrostatic pressure.

The inner compartment 54A includes an inner com'partfnent wall 54 and end pieces 66,
68. The end pieces 66, 68 engage the outer vessel wall to’ support the inner
compartment within the outer vessel. The engagemént 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 preférably'cylindrical and the coi_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 required thus reducing or eliminating héat conduction pathways
bétween the hydrogen.‘storage material in'the inner compartment 54A, the outer vessel

‘71 and the ambient outer environment.

As illustr_aied the outer vessel wall 52A encapsulates substantially all of the

compartment 54A.



absor ption/adsorption of hydrogen is exotherm c, during

recei vi ng/ absor pti on/adsorption the unit 50 is heated by the heat of
reacti on we 2vheobgedr ogen storage naterial 56 absor bs/ adeerka2bhmobper ogen.
As discussed, it is inportant that this heat is dissipated so that the
hydrogen storage material 56 is maintained wwthin its effective operating
tenperate range. According to the ill rated enbodi nent, as hydrogen is
provi ded at pressure into the vessel 50 through the fluid conmmunication
port 58, hydrogen flows fromthe inner conpartnment 54A and into the

peri pherite faad uomnﬁmmtiantddedaipésmimsﬂﬂ 6.corsnsnicationchart H enters the outer

ange. prbsech A1dhn <8 of 8 Sy BiaelttoiaeRELipl B oot PRl b alERIR T b

during rg eénd \cabeRrdittheninags ecmpaaiment. hnwaomudpbemiunmhumﬁnmapvel y.
conducts-heat fromthe hydrogen storggwerraterr alr&és to th outer vessel 52

and in ta@MmmuRisates directly W!tB all istarion ok theceampasment 244 WheES d&'rd(?ﬂeé% A0 are

not ess gftsm RIRRILARED vitth SMP MifiMeN distirbah&e of

peri phe?&1I Veéqﬁ%&lmy% |§éosat ed fromthe |nﬁer conpartment 54A so

t hat thethpelrydmgena:larﬂaﬂ inite 5erlmﬁﬂalt\4¢bmn¢rﬁ@r conpartnment 54A may be held at

different pressures. According to this enbodinent, as illustrated in Fi gure
9, a fluid pressure device, such as a positive di sgl acemnent co&)ressor

be used Indthisoambodiment the mw@partmﬁnhenn@l% @ hwhish dRﬁPG?r@"G d opthe
control lrfi{r]er gbnéﬁadrﬁ@ﬁlfdﬂ{o %r?tl%rﬂdﬁ? unrdéfrgn BB iieti?n‘?rﬁu&% fed,
control ssure w errp era acnl eve t%

desi red rdelgdesa poéssure lEquialigationBgortsayn dhe dammf esix tsrrealbenerturelsem Equaliy

fluid pressure device 7 e t yol une
60' dur .%Pg’CPQr%\/%rplta'&lSaﬁth entgf?o %g?%@t %Em rééw'g"éc}gd a{rﬁg éB)educed (?;‘lar

| osses. ,ﬁmd@mtdh@ﬁédkrat pressure devices 73 and controller 74 nmay be _
configured to evacuate the peripheral volume for inproved insulation, i.e.
by providing a negative pressure. The fluid pressure device 73 and the

control |Bur|ﬂg4thmyerbevalrdfdwdmgmi frévnt the riydrageiny storage umit/ SBe(deeqa‘atlem)edhe)y

Dur i ng. 1BEEPSM Slorase At A dEsIt by ey Hiifets il ofe ifer dffbartleny °1

cont r ol | fius/&heh Ithe fiei ccahrhunicaﬁcrrepen sghie apeaied uhgirogdém flows foat peunprser al
vol ume 60" for |inproved heat - a&Efer 12 - Va[ur bé of the. i venm n have
appl i catfrom 1he: inngL coRParmEent 5ﬂéd geripheiah ye SC%'?‘“P'é‘B E3c¥

conpr essﬁﬂeﬂé&nﬁ/@fmént 540 \iatkhalbeftuasd? @ 86 that i eskife wafeepememdemmm a

shi ppi ng cont ai ~solid state hydrogen storage systemfor interface to
hi gh ten@OfSU’@ﬂU@%dl for waste heat recovery; hydrogen storage systemto
interface to internal conbustion engine for wast heat utilisation;

The skilled person will appreoia{e 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 perrpheral 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 penpheral volume of
low pressure hydrogen has been found to be an effective rnsulator useful for rnsulatlng
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_/des_orption and
reduoing the amount of heat which needs to be supplied by heating elements 55._- .

The unit 50 is filled by supplying hydrogen at pressure to the fluid communication port
58 whereby the hydrogenis received into the inner compartment 54A. The received
hydrogen is absorbed/adsorbed by the hydrogen storage material 56. As the



hydr ogen storage systens for refuelling applications; and hydrogen storage
systens for PEM fuel cell applications. To illustrate the effectiveness of
t he i nverwpDan11/18gare 8 shows a finite el ement anal ysi sP€EIral20t1/00096f
hydrogen storage unit without (A) and with (B) hydrogen gap. The chilling
effect is clearly noticeable on the unit without the air gap in the
material closest to the outer wall. In contrast, the chilling effect in the
unit with the hydrogen gap is S|gn|f|05htly less. The thin gap al so all ows
a large tenperature difference between the edge of the hydride bed and the

cyli nderabé%l'dtronia?dlsérpﬁlbhMy@mgeﬂ)&éxoﬂlﬁerhﬁﬂ MngpmmlﬁglabsdTpmﬂdmnon
terrperature gradlent fr gcentretothe peri neter ?%q Tcent er,
By ¢ B‘é?

370DegC,theri 4iie PO i Neate dreat gl reaction. ag %thlléflqe e.matgral 98,1,
| over  t eJfaskrayAdsorisy tf%ﬁ%%& lhadidassédat lsyﬁlrp@ﬁsﬁt RaE®TRGatVs dispatdte gap

can be .change et ween absor pti on/ adsorptlon and esorglon to bias the
heat tr aosthat the hydragent $teragequptesigk A6 Js m@lﬁtaé[l%’ol”ﬂh'ﬂo‘ gHedivet orsatingher e

good he etween the bed and the wall is required, the hydrogen
pressur eggltl’SfFP% r%rgq% gh to increase conductivity. In contrast, during

desorption where heat |oss is undesirable, the pressure can be much | ower
or a vac nt he
out or el e T MliESy R CetiddiRent 38 Hkider X (A6HHES Bl P OR e e
whi ch i svesséii B0tthrough thee fleidt carmabipications ipet 88,1 bydrogem flaws gleemsther Bger uni t
n absorTRArRTL o e B M lhe hebriil Ve Sofe, G SRIERS 7o, RE R, 11
desor pt ldlmnﬁ feyeivirgeabsbiptioathdgamptibe tthe eeripherabeclumeds iscocwmipledi by dense al | y
Gos! abl essired yFRG%DT ouich SR AherP e (1 neabagiast Then iHireq 1o
the out %c&ﬁlrlg/év‘solﬁt@nwusb A thet b@nrﬂfelr@lrmumé@fe'cﬁ@lﬁmhdmtgmamoﬁ&ct

t he heat dr ogen l.e ap_between t he bed gw is naturally
depr essdhﬁs'é\d?l/'@@efe@@ﬁa%éﬂﬁlﬁ%ﬂ Hute fge Qg ysseh l’bxﬁf‘ ity BXE[IP" eg" are
desi rabl(ﬁs&%ﬁglﬂe%pet hpressure hydr ogen/ vacuum i nsul ates heat well fromthe

bed to t e unit thereby mnimsing heat |oss. The
pressurisation and depressurisation of the gap can be passive and foll ow

the pr esef'bsurﬁl@wepeﬂﬁre%% arai ot fedBenmtizg. osddording waaamw embadithett wftipg i on.
Alternatively, -the gap can be isolated fromthe netal hydride bedta'n%
ing a

t her ef orlevﬁalﬂél éth pefirhasal volyrae 80 is fluidly polated fromythe inBEN cPAPFHRLER

2bsor bi rit] M et e ey g '"Qeﬁﬁél"‘g“‘é"eﬁf%El‘ig‘?ﬁr%@!‘f'“ﬁ%rogen

in the gduﬁerent pressures. Accordrng to this embodrment as lllustrated in Figure 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 ls,conﬂ_g'ured to drive the
fluid pressure device 73 to'control the pressure within 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/adsorptron the fluid pressure device 73 and controller 74
~ will typically rncrease the pressure ‘within the penpheral volume 60’ for |mproved heat~

transfer_. h



It will be understood that the invention disclosed and defined in this
specification extends to all alternative conbinations of the individual

f eat ur es wenviwnsscor evident fromthe text or draw ngspciNAU20f1/d0bh@s €

di fferent conbinations constitute various alternative aspects of the

I nvention. WO 2011/103626PCT/ AU2011/ 000196 14 CLAIMS 1. A hydrogen
storage unit including: a fluid conmunication port; an outer vessel

i ncluding an outer vessel wall; and 12 an i nner conpartnment for hydrogen
storage material in fluid conmunication with the fluid communi cation port,
t he | nneyafgHi® 8f theBmientich Rdvs BEEIRALISA M t he outer vessel wall to define a
peri pheral space between the inner conpartnent and outer vessel wall. 2.
The hydrogen storage unit of claiml wherein the inner conpartnent contains
the hydrogen 3li@stfe, Ht®ienadylinddipaeks fir réffacethert Wf compfisigd gas IMER'; a
substantial portion of the conpartnent and spaced therefromto define the
peri pheral volunme. 3. The hydrogen storage unit of claim2 wherein the

i nner cogrpar tggRg statd Bldrdgen &oféqﬂ)@ys}ém@hc%elj inaGhippthgtstainer;t he end
wa

pi eces engagi ng the outer vesse | to support the inner conpartnent
wi thin the outer vessel.
. 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 glement analysis
simulation of hydfogen stofage unit without (A) and with (B) hydrogen gap. The chilling
effect is clearly _noticeablé on the unit without the air gap in the material closest to the | |
outer waII In contrést, the‘chilling effect in the unit wi_th> the hydfogén gap is Signiﬁcantly-
less.

The thin gap also allows a large témpefature diffe_'r'e'nce between the edge of the hydride .
'béd and the cylinder Wall. This allows the hydride bed to operate with <20degC o
temperature gradient from the centre to the perimeter (e.g. Tcent;, = _370DegC, Tinner wall =
360 DegC) while the outer wall operates at a much lower temperature of 250DégC.

Lastly, | the . hydrogen preSsuré ~within the gap' can be _'changed between
absorptio‘r'rladéorption‘ and desorption to bias the heat trahsfer to match the
requ'irements. For absorption/adsorption, where good heat transfer betweeh the bed
‘and thé wall is required, the hydrogen pressure should be high to increase conductivity.
In contrast, during desorption where heat loss is Llndes_irable, fhe préssuré can ‘beA much
l.oWer' or a vacuum to minimise the thermal conductivity between the bed and the outer
wall. The efféct of hydrdgen.pressure in _the gap is shown in Figure 9 which is a finite



4. The hydrogen storage unit of claim3 wherein the inner conpartnent i
supported In the outer vessel at the end pieces only. 5. The hydrogen
st orage dgwvi208/108626]l ai m 3 or 4 wherein the fluid comunipcatiAt2m1@patiosi S

S

configured to at |east substantially bypass the peripheral volune. .6.The

storage unit of claim1l, wherein the inner conpartnent is in fluid

communi cation with the peripheral vol uq@. ~7.The hydrogen storage unit of
IS i

claim6 wherein the inner conpartnent
peri pheral volume at a location proximal to the fluid comruni cation por
15 8. Téement aoglysisstimubadjon wfiitydofgearstorage wiit sthawing the tuch, grebteriheaer

conpart ngnt [ bstantiall.y ,cylindgical,, the, | di
cubst ant 1 PIR S 7PE hdHoaRn I¥ (¥, dealen FnapralPucadiontfiis anc e
interi orhymgg@bm thBgyapdsi Hbesarptiorol ume is an annul ar space. 9. The

hydrogen storage unit of any one of claiml to 86 wherein the hydrogen

storage material includes one or nore high tenperature netal hydri des.
The hydr ageydregen fitked gaptbatveemthobedodnd e wall i malurblly preysurised ddring

e oSSR SR s Ao T R TR R i

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.

n fluid conmuni cation with the

t.

ng
i cal

10.
at



11. The hydrogen storage unit of claim 10 wherein the heating el enent

I ncl udes an electric heating elenent. 12. A hydrogen storage unit of claim
1, whereiwo 201v/d08626r conpartnment for hydrogen storage meterAwabiiioooifosui d
communi cation with the fluid comuni cation port, the inner conpartnent
bei ng spaced fromthe outer vessel wall to define a peripheral space

bet ween the inner conpartnent and outeg,vessel wall. t he peri pheral
vol une about the inner conpartnent is ??U|dly i solated fromthe inner
conpartnent; the hydrogen storage unit further including a fluid pressure
device in communication with the pera RQ% vol ume; and a controller for
controlling the fluid pressure device; erein the controller is configured

to: i )r{aduc?%égcﬁggérﬁﬁpéqeen i IBQ@d g_r‘l pheral vol une during desorption of

hydrogen to Aere rtnment; and

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 surroundlng 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 preces the end pieces engaging the outer vessel wall to
support the inner compartment wrthrn the outer vessel

4. -The hyd‘rogenstoraige 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 -

communrcgtlon port.



16 ii)increase the pressure in the peripheral volume during
absorption/adsorption of hydrogen to conduct heat fromthe inner

conpar t mewd 200/iobesout er vessel wall. 13The hydrogen st ecagaonidoo®t cl ai m
11 wherein the inner conpartment includes a conpartnent wall and end

pi eces, the end pieces engaging the outer vessel wall to support the inner
conpartnment within the outer vessel. 4. The hydrogen storage unit of
claim1l or 12 wherein the controller configured to evacuate the

peri pheral volume during renoval of hydrogen from the hydrogen storage
unit. 1. A_ﬂn&dﬁmogemgm@g;eﬁuiniof any r?tral=:ac?frt'zleiim&'maIt@BVn the inner cotripartimenér
conpartnent is connected. to the peripheral volune by at | east one pressure
cquali s RRNSGUPSIATHAIM RUNcigrld teBrAHIH Yatieb SUBLRIRD SRRl BRLes wi ¢ h
the i nnegonfeArAEMtTRAY HIVIS &l BGbStaRiaNPr dyiRGrcHl iNeliBMvhereby the péripheral

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 storagé material in fluid communication with the
fluid communication port, the inner cOr_npartment being "s,paced from the outer vessel
‘wall to define a peripheral space between the inner compartment and outer vessel wall.
the peripheraI_IVOlume_about the inner compartment is fluidly isolated from the
~ inner compartment; the hydrogen storage unit further including ‘
- a fltid pressure device in communication with the peripheral volume;rénd ‘
a controller for controll_i_ng {he fluid pressure device;

wherein the controller is configured to:

_ 'i) reduce the pfessure in the peripheral volumé during desorption of
hydrogen to insulate the inner compartment; and o
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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; '



