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inventors here have developed and now provude hydrogen fuel carrying and
25 storage capacity for motive vehicles of any use, shape, or size including, but not
limited to cars, trucks, trains, aircraft and watercraft. Application of hydrogen
fuel to move these vehicles will be a large step toward serious and useful
reduction of the currently, and sometimes catastrophically, occurring global
warming.
30
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fins thermally coupled to said heat sinks and dispersed within the hydrogen
storage alloy. The heat distribution fins and heat sinks are formed from a
20 material selected from the group consisting of thermally conductive graphite,
stainless steel, magnesium and magnesium alloys. Alternatively, the heat
distribution means can include heat pipes thermally coupled to both said heat
generation means and said cooling means instead of heat sinks. The heat
distribution fins thermally coupled to the heat pipes and dispersed within the
25 hydrogen storage alloy. Once again, the heat distribution fins are formed from
a material selected from the group consisting of thermally conductive graphite,
stainless steel, magnesium and magnesium alloys.
The hydrogen storage alloy is selected from the group consisting of T-Zr
based alloys and Mg based alloys. The preferred high capacity Mg-based
30 storage alloys contain greater than about 90 weight % magnesium, and contain

at least one modifier element. The at least one modifier element creates a
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20 disposed throughout the interior of the hydrogen storage alloy to determine the

state of charge of the system by observing temperature spikes in discharged
areas of the alloy.
Finally, the system may include a hydrogen gas distribution system to
enhance the speed of hydriding/dehydriding of the storage alloy. The
25 distribution system typically includes a distribution manifold and one or more

hydrogen permeable gas distribution tubes.

BRIEF DESCRIPTION OF THE FIGURES
Figure 1 is a schematic depiction of a transverse-cross-sectional view of

30 one embodiment of a hydrogen storage bed system of the instant invention;
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La and Pr). The alloy may al so contain one or nore of 3-7 weight % Al,
0.1-1.5 weight %Y and 0.3-1.5 weight %silicon. The storage alloy 3 can be
used i n W@oxtwesmge system 1l in the formof a 20 powder OPCEHN0138099
pelletized as described in U S. Application Serial No. 091 634,678, entitled

"Saf e, Economi cal Tran filed August
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be used when |little or no externs! 5 heat is avail able, such as mhen t he
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generate, i nsytdrdwHitttaRaamoierertht hedtinglrablieg HetegeThé heat digibstionage
alloy 3. 10 Specifically, the heat generation nmeans may include electrical
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oxi di zer {such as oxygen or 15 air) in the presence of a catal yst upon
whi ch t he fwhbam\lmen"e oxi di zer are reacted to form conbustion products)

and heat. This h is,then transferr ctI or |nd|rec

sur r oundi ngs ( t h Eﬁ ddRA 5'5‘%‘ J&PF&Q” ES@ BTOSSHPY 'Ré?la\ﬂ?w of

I nvention). ﬁﬁ‘? @Wéhtcofcé’ﬁpé! n é?tbﬁégeﬂ@éd §9stbl’ﬁ ¢ @he RMENISAVEStROr. O
heati ng t he 20 rogen storage alloy 37of the instant invention. A typical
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fl f eit . _hyd mbyst ducts be t.h t
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conducti ve rrat er used 25 wthin t er is a catalyst. Cenerally,
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reaction. Fuel passes into and, though the conbustor _alo orrpressed
LT or Coxygdneali® dasgnat MesiihePLgenetioB BERsn DOE BeRTIcand FRI0IEad t he
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used to heat rogen storage aI oy In orage systemup to a
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the heat prOdful’C\%Irogént P\?o Ctr?gb h@%trggrend%teosraégoalltogl Qgﬁeat generated by hydride
formation in the storage alloy 3 is transferred to the distribution fins 7, which is

then transferred to the heat sink 6, and ultimately to the cooling means 5.

During discharge of hydrogen from storage alloy 3, heat is generated in the heat

30 means 4, transferred to the heat sink 6, further transferred to the distribution fins

7 and finally to the storage alloy 3, where it is used to release the hydrogen.



WO 02/ 0S6396 PCTI US011~8099 (1 ) it maintains the tenperature of the

net al - hydride storage material (i.e., conpensates for heat transfer out of
t he mat erwalo}/pseasd (2) provides the heat of desorption of PETdrSoyds09drom t he
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typi cal f uel ofctbblstersigedber sysiem bf Thaamatedatsdnustorlegbde munyreactiveardtiutheo
provi de the heat necessary to,release al | of the 10 stored hydrogen,k and
heat up the SGrehINATIRET SRoRE R ETBed stpreie U5y Reald s PERSEBRpRon: s
etc.). sQovi bbel dbet@ﬂﬁ)%} A déVe tH '
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vehicle. This nakes the vehicle a veraol ow_emi ssion vehicle. 20 The cooling
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2000 for Ovshinsky et al., makes an excellent cooling nedium The cool ant
may 30 al so e pregsdre eordaineg@ne empioyed. alfdheredd externakheatingiend cootingint .
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1. Specific sugheas sagban fibemreinfoscenhl epoxyanaitecialsy etandlangyor inagtanjenctional s
such stainless, steel or, _other t mal |y conductjve materials. 5 In an
'ter altive Wbk matedis Theat mudfleVat Pl hes ronlAGe (iee Bs¥enigenans s
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these two neans into one, the overall weight and volune of the storade bed
system 1 is isi weightcahigurer2diepicts aiexteoadi viewi of acshorags tbealdsysteaydousl y
occur when air _ or. hydrogen js, used, as the cool medium 10 This.is
because duri %%Cor'ig@lqytﬁgt?‘gfm?@t nyentpn having ?é@fﬁmﬁ"ryeﬁ‘?g EF%ﬁsb'ir?lﬁ?f‘?%rl*?'a
fuel and air i ; } ; : eat
the storage Bayogshiulpien NFah8 kil bobhREESTS. T Insa Rigrs
char gikfig), a2 shows tiyelnudfdayerstiuctlireiad tizd pyessosecortdinartn THeinnar Eyeri10
conmbustor and the inserted. gas. acts as cool.ant, renpving the heat of
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enhance heatcm Pf%ﬁ@gfé l!{ t’?}égﬂ ?ggﬁgﬁﬁﬁ%&(’jﬁ?ﬁéb&én% térﬁﬁe}bqﬁkl S'th%%{%n’i.
The middle layer 11 is a lightweight insulating material designed specifically to

minimize heat loss from the bed system to the environment. Finally, the outer
30 layer is a fiber reinforced polymer composite that contains the operating
pressure of the bed system.



The heat sink 6 is thermally connected to the heat generation neans 4 and
the cooling nmeans 5. The heat sink 6 evenly distributes heat fromthe 20
heati ng reamg/08639© t he heat distribution fins 7 during di SITAISYE/48009

hydr ogen, and accepts heat fromthe heat distribution fins 7 transferring

neat si nk 6 and. nALY Aoy s A Sl SR AR LY ©

t hroughout t b LeeHidethetifdrege etoraye Taﬂ6¥ 8,inang stdrageisystered dfhipé ingtant
entire storage bed system1l is at as uniform25 a ter_}perature as possi bl e.
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and the heat distribution fins 7). The heat sink 6 is_shaped such that all
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which is contained a ma?ne5| um based hy drogen storage alloy 3. The

al | oy, desi gwgigt “Faicke! amdhaboutclePridd weidht' owwraﬂom%avglycpnmm Cepand 0.8

o ectri cal nEaEgETr dbp SEHIHEAS8 ERH Y BBy RS Yl D35 B g
means 5 t hr ougiyhme ohah@nB-ai 5 weittht Wesflicopool ant s were passed. The heating
and cooling neans_are in intimte thernal contact with the heat sink 6

which is formed fﬁhmqﬁo@me@l@y&cmem:zedsn Hreplotagreaysteai ylratheeform of a
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Heat distribution'fins 7 are thermally attached to the heat sink 6
heat di stri bboiroh fileédAugust 8; 2000 dar OvisbinskiyestralatVWihilekhe usedofapewderied y

|y dist b th hout th : f . h t .al l 3., Th
hoat i st bURTRe imeY P Soerdaies TaeTist: (OAding & M bRNRET idg Y iatetia ar e
shaped as r eyl Povdar R bd Hﬁld&ﬂbﬂwﬂh@énéﬂa%@o@é té)ruséoﬂh'us ke 8bme

distribution fins 7 are disposed wthin the cylindrical pressure container
2 such5t hat irtséaheasgtibadingr dbé systear skswithe pedeltigdd ostotdge callayndeitl. bene 13

i st i but | oneAYASRSPUS] AsILRRa. doinaan AIGHT KeOreR il SRoBSRRTCHS
opposi ng edggehsityBeH steFiYe Alfoy S PSSR BAINERBRT 1 %hen using only powder.
Thus, it may be useful to load the storage alloy 3 into the storage bed system 1

in the form of a mixture of powder and pellets.
30 During discharge of the hydrogen stored in these aforementioned
hydrogen storage alloys 3, heat is required to release the hydrogen from the



One and a third kilograns of the FC-76 nmagnesi um based hydrogen storage
all oy powder 3 was packed into the bed system 1l at a packing density 5 of
about 0. ovg/eo5639hi s coul d be enhance by packi ng both powlEIT/GHIG4§99P | et S) .
The system was charged and had a storage capacity of about 85 grans of
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of the systeim-situtthe tkat geedbdhiod depbarges hydpbgare dronfriter ¢ofages aloy 3.
schemati ¢ depictjon of a transverse-cross-secti ogal Vi ew Bf {a second
embodilfent oPPECHigalY: 4ad healgenssatiRyMenns BIAYINgHAE RisGlical BRAUNS FIERSSH.
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storage all oprates$his wallegnawadint tee reat amhagentbet padfetrbdsmegss efori hedtudes
seven heating neans 4 and seven cooling neans 5 (which can be integrated
into dual pufpee@tinBaiGalghdiscortBisters gasentizlly week by shemically Fariningy neans
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t hroughout the pressure container 2 14 ~ WO 02/05| 396 PCT/USCL/ ~8099 and
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Gepi ot on of AegBinCPiiEsty, ESLEEh-RIG Tor byMt irach BIRCHTRIRs:
hydrogen st oppge ipstart Yraiertioh).of the instant invention. 5 The system 1,

includes a cylindrical pressure container 2 within which is contained a
hydrogen storage Ahesataytichembusiogpseddes aaintarnatheatsowce foyheating el udes

i.ned heatinal/ | . which. i hol,| il spiral
SO, B Bl 528 5 e B e MR kB et
axis of the pehbAYES QA MRAPBRIULALhAMLER WHILHRIYea! ndt bBrrhif&heeMéw adf amér of
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Thus, the interi f hol | i | ed spi t heat f uel
and_an oxi di 260 16 SoiakBian e artefitorcptel Bk BEsRe SedhsnroBras e gas
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since the hollow coiled spiral is in intimate thermal contact wth an
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di stributiong conponents, such as, heat sinks a hernal. di stribution fins,
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from catalytic combustion is used to heat the hydrogen storage alloy in the
30 storage system up to a temperature at which the hydride material desorbs

hydrogen. At this point, the heat produced by the combustor does two things:
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system 1, includes a pressure container 2 wthin which is contained a
hydr ogen storage alloy 3. The pressure contai ner has a rectangul ar or
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e oo RSnE et Bt s S ho bl o e B oo,
2. 16 WO Oﬁfebh%%%@tf@émﬁ’éém&eﬁgn SRS U & delfedstﬂaﬁw&vgﬂﬁtyrh n of

a transverse-cross-sectional view of The fifth enbodi nent o rogen
st or a@® bed ayshear dtheir efctpsed spaceTAdefdaplarg nadp s anyecqryentionali coplantt hi n

Storage al| oudh aBATATwelH I ARITSER EI3thha BV SEDdER. JHTIEh BTSSRt pes
e S AR, MBS 0 109 DRI P e o
Hydrogen Storage Unit Having Maximized Cooling Efficiency”, filed April 26,
2000 for Ovshinsky et al., makes an excellent cooling medium. The coolant may
30 also be any of the organic materials used in the art as a coolant. The materials

for forming the exchanger will, or course, depend upon the specific coolant used.
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A heat pipe is a device utilizing an evaporation and condensation cycle for
transferring heat froma hot or heat input region to a cold or heat output
regi on tweoewésessst h nini num tenperature drop. One type of PREAISOE#3989
conprises 10 a closed container within which is included a |ayer of w cking

Mput regt o nanEe b tpd YBARH ARG e WiRihe sPBRef HhERGHER Al Pt lE
heat input rguhyws afb rhlst l:?é)ébléltBWrtr%Vérﬂpﬂr@tt?prcbhépéﬁaWigde chatuaef thed

thereto. The vapor noves to the heat output ﬁl on of the 15 contai ner
where it is waanteﬁpamﬁcanawmwl rb@umrme y somduistive @ncheaydaciudeput

regi on by ca Iar iQn.in t evmc material . lt..shoul.d.he noted that
wnil e the haetaff steR G R el HectbBE LIS EN FopahHavs EafidRe | nat ant

| nventson ar e p' pf?] Eaér%rnafr@éiernrbdtﬁabnp'the heahgahaation indehs OanBoRe ¥

any holl ow shape to be used 1n formng a heat pipe, and thus other shapes
"are 20 possittadingmieany Seay befodmbiredinte obe meams (ﬁﬂaaimaxerr@@ﬁgureﬁ) of a

L1 SERRRROR e i S EERAAT g S 20

pr essure con AR Hy,qig
he int egrat%@%%&#%ﬂ%@glﬂ%%ﬁggﬁcmy iém | nc(;jla udes at e"zés*?f rgggn?hb i ned
heat i ng/ cool adpntegesusly ogcuc whies air bolhydrogescisansed as tpbactoe:lmtsrpedmm

within the cylindrical pressure contajner 2 such that the |en f the
ol 1ol 1 9ol bleds braaysh GG neae of e setedd aequr@eatroatq'ﬁ%rer&? RE).fRsth G

t | t tyi g/ |
reane 8 are et 4F¥EE ?ﬁ%&r*@ﬁﬁbia Bl Bofbllsférgand ReatiB el €87,
whi ch i ncl udsterdgabedisysten? 1aniltethativelpuduerthdesdling Gequived whentéhasging),One

end of the heat pipes 9 is in thermal contact with one of the |arge
rectangul ar a7 or hydrogewisdndiviarrliysoseriedaoto e satabyicosomhusten b

heat i ng/ cool t

t hermal cont fgggrt%stad%% %bgé Jr@% BE?‘“@E}%JQ@MS ouﬁwﬁé@qﬁ"ﬁég@reﬁms

per pendi cul ag|tehinages i®0séd qmﬁdyeoé ﬁé@@ssfa@ﬁt@mdo@thétﬁdm&?e of céﬂa@yst @nbi ned
heat i ng/ cool i ng neans hol | ow plate 8 to the wall of the cylindrical
pressure conth Wderior ofthenbeating seansuta enhanes heaérfeamefer a%dbeaﬁoqbﬁ@t es
or foil which ﬁre di sposed within the cylindrical pressure container 2 such
t hat the Ien '"WRer eof traverses the | ength of the cylinder. The

rectangul ar pl at e‘~Fhé’hefa@'s|nka6@s fHesPaip éonhbered tbhBe Hieat @@hbﬁéﬂonﬁhééﬁyﬁe
container 2 generally parallel to the heating/cooling neans holl ow plate 8,
and t he Iengalhdctlnetcbellmgdtlaa@mﬁarTbea’t% siok &r evenly distaibatascbeathisometingt h of

th d d th h,of, t b, t f ' th

e b "o nod MBS nél b Bet 55 DS FRERRRR SR ol BB . e
cylinder. Thg.hgad hdhstdmliné heat distbulionfds MradMsterig i€ Rhedoolihg mddie heat
pipes 9. Figure 9b is a schematic depiction of a transverse Cross-sectional

view 15 of thedwing nharrgmghaf'dmdrogera hide cpenbisationgd heat sytheranml lo¢at

Fi gure 9a. The, {i ws the osrro in the

ey Pt oa Rt on TR SsireS pPSes Rt kAT U gh ot Bt Shffa grondde el
Speci fi cal | ygyadigmm 'a'ﬁdté]§o '”f‘?é.ll?@ﬁ tHeﬂ N EAtiretM6rdoRal ecPS)Pﬁémgi &l adi wliformut ed

within the system I and how t he heat pipes 9 extend the a dianeter
wi dt h26f t headtgmhperatureads pcesrblsar eTl'amheallmekacQtrmrhbatrmsqmbutromﬂnsﬂgeref t he

heat distribution fi Ld be noted that a pl ty. of st
ved syst e BEIEEN Rttt eseanti ol LB RRISsind BALTR) 'THP MataHaler

contai ner. %Q}I' 1A QR lﬂ_ﬁ'{e ht3f gbd%?ﬂdétb%@'néé’&’s {Qﬁe R{érmaﬂ? chRbucEE TR

heati ng and cool 1 ng of ora systens e container may al so be a
pressure conlrmtenaénhustealselnotw rscdtive evith the stdned iydoogere sr iteey hipdrogleaced

-wWithin the storage hed syst m.t o r the tenperature throughout
di fferent paPlesd B% aggsa it odwﬂ%[rq{ﬁ nﬁ,typrcal%}peratmg temperatgres of the

30 system 1.
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measuring tenperature spiking at different |ocations, the volune of fuel
can be determ ned. Finally, the hydrogen storage bed system 1 of the

i nstant iwo®enn$sm can 30 i ncl ude a hydrogen gas di stri but iPEIT/BSpsH89Pt O
enhance the speed of hydridi ng/ dehydriding of the storage alloy. The

di stribution syst typically | WO 02/ O-G39G_PCT/ USOL/ -.48099, i ncl udes a
i Stributi on mani ORGSR ST aBH the et BEAN JoS feST Breaibly b FtRd on
tubes distrihyhed fdis o8y 8EB0ARNThE ReRrld Aktal BY| Resium

i nvention hag%hgem escri edstfaﬂﬂconnect’i (I)Rstwl h p{rg‘de@r ead e‘rdgggragrentusj and
procedur es, ot ai gruchutad maghesaino @lloy hMagnesiumrand aitdysriecedf@ar® themmaliyt he

12 e SR A ST SRR SGE S S E
the ol &1 m anpauea il ors by dreged sFRHR Sy ABBRIBR S PR EEB AL
Caim 1. A thelheatadistsibatiegéinbethysalst ete madeddingthermally esnduetiveographiter ;

a hydrogen storage all Oé di sposed within said pressure container; and 5 an

i ntegrated t f8ehaat fiMagdsiaroe shoush toactgsa heatdiesgpqitonihennal masg for

pressure contaj s alo ral i NSy | : d
Reat di ot i bIPRORS s fieHSshe Rl ARATIAG sRelF Ty Treddftle ARelTE Paplt,, |
wher ei n sai dtitakhe $RIEMAHIP T BRIBM $ iSRliAg LeHofmyaishdussdtitoagnslstieng of
el ectri cal heatlnghelenents and catal ytic conbustors. 15 3. The hydrogen

st or adé bled bylicafithesyste ﬁwez,themhmf]r@gﬁn%@r@gﬁéaategi@ﬁeamﬁh@me;édiﬁri?t#i%he or
i 4T \ 1 of,. im 3,
Wherei n sal sy 4 JHEEeEs st 5baet HEETAAY FRe Rpy BTMeB AR Tl 7 e

sel ected fropetdvent) didpogéd ﬂﬁﬁédgﬁéthtrtﬁe@htiFQ/rﬁl%Q@f'theQ@ﬁ&b?éﬁstof alby 3.

propane, diesel fuel, and natural gas. 5. The hydrogen storage bed system
of claim4) wherein said catal ytic coiXAVIBLE are designed to conbust

Dropane. 23 O (oni SULIGER FLRLIAS e SUh ARl RSB BE) o
(o, IR oo o B, 1189498 SRclRa poleg SShari iy g onec
hydr ogen, wastainlass steegawithin shidhaistcontatoed a magnesium based hydrogen storage
alloy 3. The Mg alloy, designated FC-76, had a composition: 95.6 wt.% Mg, 1.6
wt.% Ni, 0.8 wt.% Si and 2.0 wt% Mm. The integrated thermal management
system includes electrical heat generation means 4 and tube-type heat
20 exchange cooling means 5 through which both air and water coolants were
passed. The heating and cooling means are in intimate thermal contact with the
heat sink 6 which is formed from pure magnesium and is shaped generally as
a rectangular slab which is positioned within the cylindrical pressure container
2 such that the length of the slab traverses the length of the cylinder and the
25 width of the slab traverses a diameter of the cylinder. Heat distribution fins 7 are
thermally attached to the heat sink 6. The heat distribution fins 7 project out
from the heat sink 6 and are fairly evenly distributed throughout the mass of
hydrogen storage alloy 3. The heat distribution fins 7 are formed from formed
from pure magnesium and are shaped as rectangular plates. The rectangular
30 plates or foil heat distribution fins 7 are disposed within the cylindrical pressure

container 2 such that the length thereof traverses the length of the cylinder. One
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WO 02/0S1396 PCT/USO1 /.18099 8. The hydrogen storage bed systemof claim
7, wherein said tube-type heat exchanger is designed to utilize air as the
cool ant . V@0 oFbre3dsydr ogen storage bed system of claim 7, wWRETAISAI/44PYU

tube-type heat 5 exchanger is designed to utilize hydrogen as the cool ant.

10. The hydrogen orage bed system qf .cl.aim7 erepn said tube- e heat
exchanger is §i°3hé%rq%garﬂﬂqq?ri é‘@{%\%?étd'%%blft@ f(ﬂ?ﬁf'ﬁr‘n’? ihqwaiﬁgnt?ﬁgwhﬁﬁ?%gen
st orage bed i i iy i d said
ool  ng meand R ST afid T bhpotiiBIdR i Achackito MR BIRSLA CFRATRI N 1y
conmbust propane oy dhadgethiedkilogrdms ef dhe FC-7Bydiagpesiuas bebed tydragan 15
12. The hydrogen stqrage bed system of ¢l aim % Wnereig sai d heat X

- di stributionsg@ﬁ@@ gliqyinpyer foas pagked inte thePeg sysigm d atiaPastRd d8nditheat

Jyatembi ol o APRa O gl (RO IR B ck oy PREE R Eoutief ERBIeRS)

system’of clarm rei‘n sai ans rturt

i ncl udes heatTrd systemuivascHarged tamelr ivad lay stopage edpacitys of dboenB5sgrakss afid
di spersed within said hydrogen storage alloy. 14. The hydro?en st orage bed
system of cl dyeragen. whesbiownsigifgueead, whishrisupics ef oranss o gtasad dydeedersi nks

her mai 1y congttd eghafin e, Wiy a0 iqter oofigRes BRRLRIS R aflow for,

al l oys. 15. Baspayélmgilrh@. ﬁ&gé@%mtﬁé%t&@dﬁyd%g?éﬁﬂérsu%ﬁfeﬂ‘bﬂaﬁ@bdli at

di stribution neans includes heat pipes thermally couBLIEed to both said heat
30 genHl at i orangecuiye &hig fonmateroenaling. rsean beiseennbolipcaplestscre effective,

/ [ ~ . The hyd. . i , i
o 6 heat o S el Acng 54t 1008 e BB BT oS
thermal ly COléOéﬁé#ggﬁg %ﬂ@';‘m%@s tRaR 9D rAdited sper sed within said hydrogen

storage alloy. 5 e hydrogen storage bed system of claim 16, wherein
sai d heat di stri blRigomr 4 isyotoitempeanatdire veraus timee duiing disshacgeeaf mydoogerne

i sti ft I i hi t t ai nl t eel
Tones: am and'aidhes starmap | bgd * TH8 lenewBtaBa, yete tefon 458 e asiumiss o
La wher.ei . : .
consi sk ng. o GSREIUAEIIRING SRG8 td Tourfy FHE B LR Rl
storage bed swsammedbydheimochiiplejiothe elestrichdayehusgerio hBatthetatioggaddhli®y i s

a My based alloy. 20. The h drogen st orage bea ystem of claim 19, erein
sai d al | oy i ischpege dhe plosed hydrageng s Gﬂgﬂwﬂsﬁ \é?)&rﬁeeﬁef tempriaiiyeg

t bed ' Os i ' j | Wo¥ey -2.5
nel ght 96 i cRg 20 Fod S Sel SCteirk) Tl A gL BN deonsiibipl e e

sai d al |l oy funstaatthenabldasademient €ysvarh ieffdétives The terhpératd® iRGreasbeear
hydr ogen storage bed system of claim22, wherein said alloy further
i ncl udds 1. othe @nderfdhe ayessindiGaied . riseyin ﬁéemf%t&é%ogf% ayieptas Rt em

g: | clzgi m 23, C\P{'é?égbph§&ioﬁewi§ﬁgp@é&| 30 conprises predomnantly Ce, La and

Figure 5 is a schematic depiction of a transverse-cross-sectional view of

a second embodiment of a hydrogen storage bed system 1 of the instant
invention. Similar to the system of Figure 1, the system 1 of this embodiment

25 includes a pressure container 2 within which is contained a hydrogen storage
alloy 3. The integrated thermal management of this system includes seven

heating means 4 and seven cooling means 5 (which can be integrated into dual

purpose heating and cooling means). The heating and cooling means are in

intimate thermal contact with a heat distribution system which includes a three

30 heat sinks 6 with evenly distributed heat distribution fins 7. In this system, the

three heat sinks 6 are fairly evenly spaced throughout the pressure container 2
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WO 02/ O~-G39G PCTI USOL/ ~8099 25. The hydrogen storage bed systemof claim
23, wherein said alloy further includes one or nore fromthe group

consi st i ryomR/o363% wei ght % Al) 0.1-9 .5 weight %Y and 0. PCI/GS0E8WAt %
silicon. 5 26. The hydrogen storage bed system of claim 19, wherein said

hydr ogen sto r '

t her eof . gaﬁgoﬂ'@ otaéneéggrsg@@e&@@ sys?gé{n\?% OS glg%’l ?é}\ﬂ@r(%!rﬁésﬁa&as
hydr ogen stoaa@m thlehP) ESntabt Wi tie hBadkinks'®. xture of powder and pellets.
to 28. The hydrogen storage bed systemof claim1, wherein said pressure

contai ner is fornEipureéisaschematisdepielicsy ¢fa tga@@mae@aoswmumlgmpf

t f I fib 15.29.
Tydrogen ot oPABE BtPOEmRf e Naroba piorapE PR TSRS BBESnsten SXenlRg, | <
a mul til ayermbrsvétékw Feiudés ahwlmww %iréé@lﬁ@ @&ﬂamé?tzrwmmcwdn 9,
wherein said pressure container is a three | ayered structure. 20 31. The

“hydr ogen st ocagtaurhm:ﬂmiy;g:tregenfst@agemlm 3whEreeintegrateld ﬁmer@mllrayea@ement
structure co rises: i nner ] a dformal ter|

ot on 15 oo BPRaRT PeL s Cambirat e e iahinSuheang b MhichyS Bpaicgote

W thstand thg SoPacdi @;56 &ﬁhffﬁm%hgﬁe%ngﬁeg eBHISREr 2, %@P&ﬁ thﬁéggpépmed

fromalight I ght 1 nsul at1 ng; ayer forned froma
rei nforced pakigmef trm)lmdiswt eoildd spirabig aom&ﬂe”r&abpﬂhaﬂlengepﬁrelsaxnseobthet he

bed t 30,32, The hyd t bed te m1l, wh d

e et e DL S LT S S Sl e LSBT
d hyd I

oot U RS B o8 LR

di scharged aheaewonfoulsaﬂ sbirdll auts a33a hBzterhwtendeasl andraigexildozérsamtmsséd
claim1l1, wherein said systemfurther 5 conprises a hydrogen
di stri but i onthefethepygl anthasacader whera QﬂOIWcﬁa&ﬂSHéh@ér@‘ﬂPf avcﬁr@g@n) i d

storage all o ogen storage bed system of claim 33, wherein
sai d hydr oge s§ed H]F’Q&ﬂ%%l on systemincludes a distribution manifold and

one orjs5nore hydr Oﬂ%holx(d bée horathet ﬁiﬁ&e@h@houdwwwm dpifeg & idiintimatathedmal
t hroughout said hi/dro gen storage alloy. 35. The drogen storage bed system

of claim1l, ®heiast wikaaad hrgfégrcmt@bumthﬁﬁmghmﬁat@@ oggRstoregaraliy 3,
Combr L ees: - BoiEhar HRBYHABON SEhyaRcEs S36H 0B, AR YR, WYL Btk
al l oy; and adf&%utt&iﬁ@'at@ﬂoﬁhéﬁés@@ﬁj tHQRerkbrs tthé fbmltﬁaﬂﬁﬁ%kﬁ&éwmﬂ' ner
and connected in heat transfer relati‘onship to sai d heat conducti ng

proj ections disfributed within the system1, these heat distributions components may be

20 added as necessary.

Figure 7 is a schematic depiction of a cross-sectional view of a fourth
embodiment of a hydrogen storage bed system 1 of the instant invention. The
system 1, includes a pressure container 2 within which is contained a hydrogen
storage alloy 3. The pressure container has a rectangular or square cross-

25 section and may have an elongated axis or be more cubelike. The hydrogen
storage alloy 3 is disposed in the pressure container in layers between which is
disposed the integrated thermal management system includes combined
heating/cooling means 8. The combined heating/cooling means 8 are hollow
plates disposed between the layers of hydrogen storage alloy 3. The interior of

30 the hollow plate is coated with a catalytic material to form a catalytic combustor.

Thus, the interior of the holiow plate acts as a heater when fuel and an oxidizer
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to said heat generation neans and said cooling neans; 20 whereby heat is
transferred to said hydrogen storage alloy from said heat generation neans
and fromve@abziodegwr ogen storage alloy to said cooling nean®CTRISOL#AISai d
heat conducting projections and said heatlng/coollng sink. 36. The hydrogen
storage bed system of. cla wherein X base allo

conposi ti on 8 B38S %@({A}here/gw&i %“ﬁfs 80/&9@ %/gg k0 %‘ég r%ly@ %S\ﬁﬁo/orl\/m

24 . An. A & My ks 49 plsséd Aerindugh. It should be noted fhat since the hollow
9. AB& A9. A3&. A 9.7A& AF A A& A9. AF. A3&. A& A9. Al &CDI nD ) Z1W

Vzupkfa\ W ca])lradas}&:a!]eoa]mia]wam]tba]mal] aaitact]vat] arac]l aed bug]'\l;ac]ils’e[]bmq:d tiroaghoaf cal

ca] ca]ca] ca

BV N N R oy kT R e%é’iléﬁ%ﬁ%éﬁi@%mane@aﬂ'@yftwmcemmm SHDFfa) ca

% ]C:qu ciégﬁaégg%%%g &%@%@é&é&ﬁw @}' Z%r’lsc'f%a] c(g;]%csgfyca] ca r If ca] ca]

ca] ca] ca] ca] foajhclatteat] heétcae] a'ajtca\]@rd]ICdl]strdjubec] oeithia] it s;a:]tea]‘lcat]hss]acb.éﬂ r
*R*b***%nﬂ \,

Y...>/1/10z F(fta-\tW'Fé‘é]rﬁ%F]ﬂﬁi]t%a]%’at}’%é‘Fgﬁf @§|eeesYca) cal ca] ca] ca] cal] ca]
44444
caloalenlcolcalcabekemeplealitanl daenae S AT Mt iar gt
a] ca] ca] ca] cef eajifta]srabeaientcef] aah bgaﬂwcstbrwec&bdaé, WHEBMD ZPthe instant
<C=====>\/>>>=???l @I | BBC( D] EEF| wr rrhc’\ % cal ca] ca] ca] ca] cal calca ca] cajc
a] ca] d8] ca] ctﬂvaap@a @puapa"a‘] d&?'é'd?%é Yén ICpLRIESEYEGURPINST MU whighGXG

a] ca] ca] cal cH CARPE DLy ERPE S CARE N Lol Bd) RPLA P e A E0f ey Ca

cajcal R J(J?Eem includes at least one combined heating/cooling means 8, which is a
RRRSgSTT* UY{ U WAKKXXX3YYYYYYYBZzZZ[ b[ [ [ E\ { vgl gb] X] ]g] cal ca] ca] ca] ca] cal ca

] ca] caU] ca] choljew|disi dispospdayithindbg w]lndqlcai]maprccqrﬁama]?ca] taln&a] ca]
cal ca! A\ ] (

] ca] ca] ca] ca]’%'at]@:?%g]% P&%@ﬁ?@aﬁ@ggﬁggcﬁeﬁ'gfetﬁqeﬁ] rckt{’gq‘]%ﬂ} ‘]]’ %fcﬁ,ea]a]cgl]’j1

ca] cajg a] ca] E)?Ir?df}c%k ﬂ@!§s{;|ré a&maﬁn\é?”zooméimﬁéndrtdfttﬁé h@%w)avwmwd itMld ca] c

aJ cal ca] ca] ca Ul ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca]:ata]ytm:LmawrmmmmzaiaIS{t{o{qum}l}steﬁ#'ﬂnu&%he; fFteriomaftie]Hatlejwe a] ca

Apenpbgeb g st L e R T %ﬁégf@%@b A.sif] it ;?L;
] ca] ca] ca] ca §§ﬁo€] @]rfcé]& aa]uc §@h@ﬁ1a§%mcs‘r pod<ilisp

201LI5. ) | w a] ca] ca] ca] ca] al caj ca] ca] caU] ca] ca] ca] cajc
a] ca] ca] ca] cﬁheal]%]rtgit]:mi]rtgaht@nsaﬁcar]e:a] datimate thermal contact wnth a heat

}ch;g;@sg;;ﬂc g@g]a@] Shlarlsasailsal saeal catt eatsalapberbiplsalss) o2l
cg] X;f]cg] E;;/] caﬁaca] cﬁé&f P?Eﬁa?ﬂﬁ?ca g@l_a@é_ﬂ @‘%?W 6 eflifebrdlian] o2l
ADN'r | val gb] liffhees cfatheaﬂwvdmadl bebling/coalingineahs aiptlajvaidicd) dThkdwat pjpes caj c

ADN | val b #1 iRt ANEdpeat 2l Ba) CU Ch-eh FEe5 AP Ry oh) 22 69 ool

Y N i S o He:

zX6! 1,2$10%008y1(nNdricabp: @@Eﬂs’écombmerz The heat distribution fins 7 are cylindrical disks
, $10%008' () - | @ $10%00% () - ! , $10%00%: g SL0%&: (). *XpOl 1, 981006 () -
10968 ()- " aeveRly @QSPQ.SL@@’M“]‘P theo gy 0@' @@l@rassy@e/wr(tamer 2)%\1’6@"1 he

Stovice () - 2aveiehtses nesidFEae i el s lia o e sugiap gressure

10938 () - t $168M&irer-2. The central axis of the heat distribution fins 7 is coincidental with

the central axis of the cylindrical pressure container 2. The heat distribution fins

yy

30 7 are in thermal contact with the heat pipes 9, and extend axially to the interior

wall of the cylindrical pressure container 2.
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SSI00E () SO 0000 B %ﬁ*ﬁ%@‘%ﬁ%@@t@&*ﬁgéﬁﬁﬁwy
109%<& () - - S16048 f(fmambaaw&\t(ofam@raagﬁs&ﬂra@e&eﬁ) SIRERON Figdd 968 ThE-  10<

10< 10<; s10%& ()-!510%<& () - bELdE~ @ 10GLOYGE 8 109G () - @$10%3& -
1098 ()- 1tiowse shows thewes mm:w'fﬁmzih%ﬁw@sn vekthe cylindrigad: gre

Joves () - v 1090 2ebiEnyd ok Skghe oy & ?a%ﬁ%%ﬁ&%ﬁﬁh% 1067
10%&' 6) - &6SHUER(the I %?C{fe% 9 hre GHISERd Withid M Séstef 1 ¥ind how the heat
109658 () - 29496 %6 Yo YDYE. 10d 10%<& ()- 10%& (
\1f0|_/100/¢§ 8 pﬁ@%ﬁxtpndm%gﬁ@ temath mﬁtr@gpxlmdwa!mss%q/gmg@ggo@ 3y
00 <' < U< 0, 0,
Tooke ()- 1(m) - RV IREERGE 3 Setsskiipt 30 syaPdiation TG eg ey sation cycle

10%& $1 * o
100/g<&( % ) S( 1%3/‘(238#5)‘&%1309(6& fronRaMSt ezt ARG AHFBBId a cold or heat output

10%&' () - Y 108giEn (r)erembmmmnmmmreyumnmp.}one typeRyf@eat pipe comprises
10 a closed container within
which is included a layer of wicking material saturated with a vaporizable liquid
and extending from the heat input region to the heat output region thereof. The
addition of heat at the heat input region of the container evaporates the liquid
being supplied thereto. The vapor moves to the heat output region of the
15 container where it is condensed. The condensed liquid is returned to the heat
input region by capillary action in the wicking material. It should be noted that
while the heat pipes described in the specific embodiments of the instant
invention are pipe shaped, modern heat pipe technology allows for nearly any
hollow shape to be used in forming a heat pipe, and thus other shapes are
20 possible and may be useful.

Figure 9a is a schematic depiction of a lengthwise-cross-sectional view
of a sixth embodiment of a hydrogen storage bed system 1 of the instant
invention. The system 1, includes a cylindrical pressure container 2 within which
is contained a hydrogen storage alloy 3. The integrated thermal management

25 system includes at least one combined heating/cooling means 8, which is a
hollow rectangular plate disposed within the cylindrical pressure container 2
such that the length of the hollow traverses the length of the cylinder and the
width of the hollow rectangular plate traverses a diameter of the cylinder. The
heating/cooling means 8 are in intimate thermal contact with a heat distribution

30 system which includes heat pipes 9 and distributed heat distribution fins 7. One
end of the heat pipes 9 is in thermal contact with one of the large rectangular
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generally perpendicular direction from the large rectangular surfaces of the
combined heating/cooling means hollow plate 8 to the wall of the cylindrical
5 pressure container 2. The heat distribution fins 7 are rectangular plates or foil
which are disposed within the cylindrical pressure container 2 such that the
length thereof traverses the length of the cylinder. The rectangular plates or foil
are disposed within the cylindrical pressure container 2 generally parallel to the
heating/cooling means hollow plate 8, and the length of the rectangular plates

10 or foil traverses the length of the cylinder and the width of the slab traverses
from one point on the interior wall of the cylinder to another point on the interior
wall of the cylinder. The heat distribution fins 7 are in thermal contact with the
heat pipes 9.

Figure 9b is a schematic depiction of a transverse-cross-sectional view

15 of the sixth embodiment of a hydrogen storage bed system 1 of Figure 9a. The
figure shows the positioning within the system 1, of the cylindrical pressure
container 2 and the hydrogen storage alloy 3. Specifically shown is the manner
in which the heat pipes 9 are distributed within the system 1 and how the heat
pipes 9 extend along the a diameter width of the cylindrical pressure container

20 2 and the positioning of the heat distribution fins 7.

It should be noted that a plurality of storage bed systems of the instant
invention can be bundled together in a larger container. This container may be
insulated and may provide for external heating and cooling of the storage bed
systems. The container may also be a pressure containment vessel.

25 Additionally, thermocouples may be placed within the storage bed system to
monitor the temperature throughout different parts of the system, and thus by
measuring temperature spiking at different locations, the volume of fuel can be
determined.

Finally, the hydrogen storage bed system 1 of the instant invention can

30 include a hydrogen gas distribution system to enhance the speed of

hydriding/dehydriding of the storage alloy. The distribution system typically

18
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contrary it is intended to cover all alternatives, modifications and equivalence
which may be included within the spirit and scope of the invention as defined by

the claims appended hereinafter.

10
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heat distribution means.
10
2. The hydrogen storage bed system of claim 1, wherein said heat
generation means is selected from the group consisting of electrical heating

elements and catalytic combustors.

15 3. The hydrogen storage bed system of claim 2, wherein said heat

generation means is one or more catalytic combustors.

4. The hydrogen storage bed system of claim 3, wherein said catalytic
combustors are designed to combust at least one fuel selected from the group

20 consisting of hydrogen, gasoline, fuel oil, propane, diesel fuel, and natural gas.
5. The hydrogen storage bed system of claim 4, wherein said catalytic
combustors are designed to combust propane.

6. The hydrogen storage bed system of claim 1 , Wwherein said cooling means
comprises a tube-type heat exchanger.
7. The hydrogen storage bed system of claim 6, wherein said tube-type heat

30 exchanger is designed to utilize at least one coolant selected from the group

consisting of air, hydrogen, water and organic coolants.

20
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10! 10%m&' () 19$10FhehyHrogersintage beshsysigm of claim 7, wherein said tube-type heat
exchanger is designed to utilize water as the coolant.

10 11. The hydrogen storage bed system of claim 1, wherein said heat
generation means and said cooling means are combined into a single unit
designed to catalytically combust propane or hydrogen and utilize air or

hydrogen as the coolant.

15 12.  The hydrogen storage bed system of claim 1, wherein said heat
distribution means includes heat sinks thermally coupled to both said heat

generation means and said cooling means.

13. The hydrogen storage bed system of claim 12, wherein said heat
20 distribution means further includes heat distribution fins thermally coupled to

said heat sinks and dispersed within said hydrogen storage alloy.

14.  The hydrogen storage bed system of claim 13, wherein said heat
distribution fins and said heat sinks are formed from a material selected from the
25 group consisting of thermally conductive graphite, stainless steel, magnesium

and magnesium alloys.
16.  The hydrogen storage bed system of claim 1, wherein said heat

distribution means includes heat pipes thermally coupled to both said heat

30 generation means and said cooling means.
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distribution fins are formed from a material selected rrom the group consisting
of thermally conductive graphite, stainless steel, magnesium and magnesium

alloys.
18.  The hydrogen storage bed system of claim 1, wherein said hydrogen
storage alloy is selected from the group consisting of T-Zr based alloys and Mg

based alloys.

19.  The hydrogen storage bed system of claim 18, wherein said hydrogen

storage alloy is a Mg based alloy.

20. Thehydrogen storage bed system of claim 19, wherein said alloy includes

at least 90 weight % magnesium.

21.  The hydrogen storage bed system of claim 20, wherein said alloy further

includes 0.5-2.5 weight % nickel.

22. The hydrogen storage bed system of claim 21, wherein said alloy further
includes 1.0-4.0 weight % Misch metal.

23. The hydrogen storage bed system of claim 22, wherein said alloy further
includes 1.0-4.0 weight % Misch metal.

24. The hydrogen storage bed system of claim 23, wherein said Misch metal
comprises predominantly Ce, La and Pr.

22
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5 26. The hydrogen storage bed system of claim 19, wherein said hydrogen

storage alloy is in the form of powder, pellets or a mixture thereof.

27. The hydrogen storage bed system of claim 26, wherein said hydrogen
storage alloy is in the form of a mixture of powder and pellets.

10
28. The hydrogen storage bed system of claim 1, wherein said pressure
container is formed from one or more materials selected from the group

consisting of stainless steel or fiber reinforced polymers.

15 29. The hydrogen storage bed system of claim 1, wherein said pressure

container is a multilayer structure.

30. The hydrogen storage bed system of claim 29, wherein said pressure
container is a three layered structure.
20
31.  Thehydrogen storage bed system of claim 30, wherein said three layered
structure comprises:
an inner layer formed form a lightweight material which is non-reactive
with hydrogen and said storage alloy, and can withstand the operating
25 temperature of the system,
a middle layer formed from a lightweight insulating; and
an outer layer formed from a fiber reinforced polymer composite which
contains the operating pressure of the bed system.

30 32. Thehydrogen storage bed system of claim 1, wherein said system further

comprises thermocouples disposed throughout the interior of said hydrogen
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35. The hydrogen storage bed system of claim 1, wherein said integrated
thermal management system further comprises:
15 heat conducting projections extending and distributed within said
pressure container in heat transfer contact with said hydrogen storage alloy; and
a heating/cooling sink positioned within said pressure container and
connected in heat transfer relationship to said heat conducting projections and
to said heat generation means and said cooling means,
20 whereby heat is transferred to said hydrogen storage alloy from said heat
generation means and from said hydrogen storage alloy to said cooling means

through said heat conducting projections and said heating/cooling sink.
36. The hydrogen storage bed system of claim 19, wherein said Mg based

25 alloy has a composition of 95.6 wt.% Mg, 1.6 wt.% Ni, 0.8 wt.% Si and 2.0 wt%
Mm.
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