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STORAGE SYSTEMS FOR ADSORBABLE GASEQUS FUEL AND
METHODS OF PRODUCI NG THE SAME FI ELD OF THE | NVENTI ON

wo Jhsgesesent i nvention relates generally to SROI/HQeISA0C39

di spensi ng systens in which specific adsorbabl e gases,
including but not limted to gaseous fuel, gaseous
hydr ocar bons, nethane, and hydrogen, are sorptively
retai ned by a solid sorbent medium BACKGROUND OF THE
I NVENTI ON Natural gas (NG is,a promsing alternative
fuel. Unfortunately, natural gas is often difficult to

store, and natural gas stor requi r I '
RS Wi A DN P s ECELYNE Y ETHBDs oF
two techni ques for NERJFUERR: THE SONMEer ci al |y used.

The first storage technique is to store Conpressed

Nat ural Gas (CNG under extrenely high pressure
it , for exanple, 200-250 bars at
FHﬁﬁ?ﬁEYh§ﬁ3¥§ﬁﬁﬁ¥§§$erature. These pressure require _ _
spethalptatetcini@ied rekiesfgeneelly tastosagevdridcdispaneing slyitgms in which
and heavy. Furthernore, gas conpression reguires an
spesiseHispEbls St I uine p 1t Ji oo tasto s i} gl hydrocarbons.
mela{aﬂs,%ﬁﬁ héﬂogaf, RFER Vel BE Rl By 4Qli@bdibeg nfeditpl.essed

nat ur a as are known to present a significant fire
and/ or detonation hazard. Alternatively, Liquefied

i igerated to -161. 50C and
B@Qﬁ%{j@@bﬁ?é@?@hﬂ%’gﬁ féj pressure. This techni que ]
ent Natsaluge IG)de rppremisingialeecpaiveifuel. Unfaramatstyi, aatural gas is often
_equi pnmrent and thernos-1|ike tanks as L1l as
Rl YA R S GHETARTER I CLESE gt TR s gt very low
Al QB8 Rlchniftds HONG stdrsieair@edrhmBreilig used.
tel?%éaggl:g i]ggctiaiqdn of tnhlg Sas. Bostlg CNCr; and g

LNG
t ecfhelfiogiswsagerigshpiaue jd torstare Eampesssedpiaiiab Gps CNiGhpder extremely
.tanks that .| e Y j iR Ge ture.
LS Rl A8 15T Rea0e 286 LSRR b AL e
ThegeO PieSéung raquier satialle desighéttseinfokadetanks, i wiiekl are bulky and heavy.
technol ogi es for natural .gas staqrage since the. -
Fugthermorey 288 fREREHIPe rggta?eéd any © VMPode? B e’s'sgtgégg high-pressure
co&é%‘sﬂgn Adcess: I—ﬁ%h-ﬁx‘é@sm‘et C4ERAE Bbritdifin@NGriphessed Mdtiakgas are known to
I'l'ed tank with a | ower pressure rating. Furthernore,
preshints sigrtifiennit Hreeandiosdetppaiionhazasdpensi ve and cumber sone

gas @%ﬁ%{ii?&?j&?@u%edl Nﬂh’rﬁf ?gg .L%)eﬁ %ﬂ?iggrﬁ%ed th Dfd4l Ateshd stored at a

tan nks cou ave any nfiguration
mora aAcderAs prasiurk. Bhis Itechhigak \entaylb iusel of cainplearand expeny@e liquefaction
eqlrl]iipgmréh{) erme t lélrrr?ost-lﬂ(nekt%hks-rar},u\géll gshselgltli%ggn% e(r:lgrlély%ogs%mption (15-25% of the
original gas energy content) for both liquefaction and regasification of the gas.

Both CNG and LNG technologies employ cylindrical or spherical storage tanks that
lead to waste of space between neighboring vessels in arrays.

Adsorbed natural gas (ANG) is a promising alternative to these aforementioned
technologies for natural gas storage since the same quantity of NG can be stored at much lower
pressure (35-40 bars), at room temperature and in a thinner walled tank with a lower pressure
rating. Furthermore, this method does not require expensive and cumbersome gas compression

or liquefaction equipment, insulated tanks, etc. ANG tanks could have any configuration in
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tailored to fit odd spaces, such as today's gasoline
or diesel tanks in cars. Salient features of ANG
WO t@shmsbogy i ncl ude hi gh sorbent property andPetE2005/000439

t hermal managenent system enbedded within the vessel.
ANG systens are thus characterized by the sorbent' s
ability for uptake and delivery of a maxi mum gas
quantity. To date, sorbents based on activated carbon
have shown promise. It is desjrable to maxim ze the

m croporosity (fraction of t He m cropore vol une) of

the sorbent material so that the space occupied b tg‘gﬁ
congragirvsittodxclusivelyi cyHodrinebipsmpaaf NG lagh'ﬁf?ds%rﬁ@“%%aérg 5>\R%est€‘ could be
tal]ﬂ&y %Q o Z%cgjas%&é gst Eltn ad {383 %Bﬁhé bt cﬁ@seﬁfaﬁ‘ksqgtcﬁrs

c case of adsorptive storage
of Palienr Bangesof NNS eeéclimclagy indfludenkigh dothehe property and the thermal

t
map eSS SEER TRPHOGDARE B “Etkeh NG S9Q0AE b InEARREIdKized by the
sor9&§’§ SBfiRy %l‘d.lprték@ Mnl @@Hﬁrﬁlbﬂ ) G-‘nax'ﬁ’ﬂ&mags quaitity rﬂ‘cr:éepacsotly:nts based
unit” vol ume of adsorbent ca

pe n be caI cul at ed b¥
on (Mwatqdj)carbm drewe Wiows RramisaddioFpfFrPIEaPaRAPIET i fpicroporosity
(franﬂ&? | #’ﬂl @ﬁ% oo @olﬂﬂ%)sopfhe%gﬁﬁﬁpﬁlﬁfenalaﬂ)dthgt ihe sh#R occupied by the

ensi We adsor bent pel l ets. Upon conpacting the

atoffBtof Itheahxcrdﬂoe)ud anwgértay antd the sparerveasted by reatpaskingrad the crystalhtes are
dsor n capacity per unit volune W al so increases.
i ?? activated carbon sorbent is supplied in

par FhCiuk BpKifithéds€ bf &dtoiptias spepdeaif natura rgas) mhaeﬁdaqymﬁdbc' adsorbent
form Since volunetric perfaormance, i deci di

in ingjonity eAseY ip naq@lglprp(é by ,ﬂgn%dsorygﬁ% giipgﬂtxl ?crr(g‘as BfF. Lg-gtaYogmpa 8f adsorbent
at Basggc%{lec} Pf‘esﬁﬁ’é Qﬁ&‘tr d?ﬁqgnﬁé?atg?e CIHRPASS B CapRetdy Ipez @shk .volume of

acenent t he packed adsorbent carbon jnto
addobigens tar beealndasd |bva¢ fi (é(ws ufd)i whest Vydp Hlemad Semﬁ@ntogpacny of the
has. proven to b abl £. 1t ask i
materal ey jupit rfaass dé%rgsmh%\l}\g Sde ésoﬁlé %ﬁél% e}é%f‘%é I, BrbeAt pellets. Upon

coﬁb&&ﬂh?&hé Yfaterikh) Qh@dMﬁl’tSf ajgrsinataded) andesd thequdeerpgion capacity per unit
t wof o | mobi | i zed carbon woul d not settle and/or
volunec Asxinfigasehe st or age vessel and would be |ess

likely to be carried in the gas strean1d% d
di sEnmagjly adiyated LabRTBRILENZE JURPAICH dh PHYEY Be st by povder or

gra(ﬁ)u?atedt éggﬁert %R SREK DI S e;ﬁ:?foh}{artc@ R BeGMBE factor in majority

an using just granul'ar or powdered carbon.

appliatiedsor espedialiy et | gn-rendr ikl yasksophedsarbank wRedi ¢ bhes compacted

I [ Fl
(1rr?rggl‘ﬁijlzed?. mul tice concept (FIG

Direct placement of the packed adsorbent carbon into the storage vessel with a
sufficient sorbent density has proven to be a formidable task. Briquetting, or immobilizing, the
carbon was considered as an alternative. The advantages of briquetting were twofold.
Immobilized carbon would not settle and/or circulate in the storage vessel and would be less
likely to be carried in the gas stream during discharge. Use of immobilized carbon would also
allow the vessel to be packed more easily to a higher density than using just granular or

powdered carbon.

Therefore, currently generally adopted tank design is based on multicell concept (FIG.

1), where the tank housing 1a includes of plurality of cells 6 and each cell in itself serves both
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1), where the tank housing la includes of plurality of
cells 6 and each cell in itself serves bothas a
wooesnesized vessel for the gas storing and a®Ca/iL2005/000439
contai ner for sorbent briquettes 3a. This concept
faces two serious difficulties. The first difficulty
is the conpl ex design of the tank housi ng, whose
manuf acturing requires special profiling using
expensi ve cunbersone equi prept. The second is
requi rement that of high nechanical strength of the
sor be_nt bl ocks. In order to inbue sorbent bl ocﬁs With3 Thi
as a pressurizqd ivesselefomrhengas staaingand @8 graontanes iy orheph ppquettes Sa.  1his
{i . bi. nek :pediumis added to the sorbent.
conc’%ﬁtgfgﬁeétéxggéré&éﬁgﬁe%g "bi nder, however, detracts from
adsprbent .. per i Or MRNG ki dESusiRN dhobOmanufacturin
bl igi?ﬁgtqﬁgﬁc‘éﬁ}gé%@gsc T é’?ﬁg&?ﬁ%&?ﬂ;@& es ofustr%é carbon ©
requires tekiah profiting @sing expesisive aymbemainel equipment, The second is requirement
Furt her nore, addig%’irogn of Dbi ngli n% materi al increases
that phlighy meghagfcal iren & SBYBEROKS t hout concomitant !y
i ncreasi ng, the anount. of gas adsorbent terial w.thin .
e oBeb EX b apk S iy eAUae M haniieh F Iy gaenifiant
quan%ftf%?gﬁld SthedTBmiiDehsd BaheB&Batt The Lige St blietnisadbielet, however,
units wthin a storage tank. Current technjques do not h
detrprtofromieadvorhént pegfomancerhscause the kindsn denda do hlogk metfiage access to the
..on the.gne hand high- st o HAQt defivert € FUtth&more, addition of
m’c?i’?rgﬁﬁfﬁ\enc&f ng rﬁautltg% g‘lr,re&gb%gqgoggég?#er ﬁaerfg this bioﬁder .
bindiSGantibicintdeyses eer asefths sorbem tblaghs alithoutQonegmitantly increasing the
t echnol o(?y for conpensatin bfo per f or mance
amoyafas AdorPeRsmREN AR LR 29 cal bi nder use is
very conpl ex and expensiye and still does not give -
deﬁﬁ@dlsr@s‘mgp@g g TRk AFROFRANG gﬁsethragg sg%er%abcl én%ggahamca”y
stabie%orl?eq§91§ig' \{ﬁ%litg 23topdeRtARE CaNElt 2BhnI8sd @RSt prévidesdutsle solutions to
e amount of tine required to adsorb and/or desorb .
this ashgoilgl meedasinstioh the anet haad chighsieengit boAusties Fequig strong binding

b o t.0. ¥ i LLi ‘
matESghe s g PP a0 nfist REHES e P, Qparciees | Sbepl!Gprake. Otter

technglogd féhaimpaskating for@erfofmanet Hegradagias assotiotet! ivethsdhemégat binder use
is an exotherm c proce

) P s, and thus as,the gas is
is verg SBMBisel 2 CXRESG AMLIN dasane By “?de"r?ﬁ‘gl'sat ure in
within the storage tank incre di m'ni shi n

o 2qs - g { I'h(:ems designed to
r atFarbermese.HEerE 1t Bk ARECIG NEFIos GRIERINS 837 MOrAEF IS g
redL?cgri%J BhOOR oPlimd Qec‘%ﬁrt%ﬁ%?%ofbhﬁldmte% adir @518 YhLsuRR ds methane onto

erature wthi e tank, concomtantly increasing,
andfondroti thie snsbents Brordertto rethice thertimeiebfilbiag theLank ansieryrp@oving the gas

i S el g0 PRI, B B TEe S8 Bt
pmgégg, od;ngtrt}i“gﬁdsi tgf g?g;?adglec?bec% tr?eﬂ]g eo%mlr(thd lamgiegt melratur: in within the
storgge; tank increases, diminishing the rate o met%axYe %}r)]taker %gfmt\ﬂg sorbent. Similarly,
desorption of gas reduces the ambient pressure and temperature within the tank, concomitantly
increasing the time necessary to deliver adsorbed gas from the tank. There is an ongoing need
for systems and methods for removing heat from the tank during gas adsorption and for
delivering heat to the tank during gas desorption. Preferably, the delivery and removal of heat

should be relatively uniform throughout the tank in order to provide optimal conditions for all

sorbent units within the vessel.
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shoul d be relatively uniformthroughout the tank in

order to provide optimal conditions for all sorbent
woumistie2andt hi n t he vessel . The fol |l owi ng pat ent BCamk005/000439

publ i shed patent docunent, each of which are

i ncorporated herein by reference, provide potentially

rel evant background art: * US 6,019, 823 di scl oses

sol i d- phase physi cal sorbent medi um hol di ng adsor bed

fluid is provided in a cartridge, for use in a

sor bent - based fluid storage ghd di spensi ng system * "

A new net hod of nethane storage and transportation" by

L. LThevatibwingvpatantsnd publishesinagent dogqiment.ceaclopf whieh fag mcorporated

".Heat Di heat ] ' s", M nsk,
hers g el BT R s Rk BSUR BLE 20

i nc i t pipes.l.ocated int 4 nt 4
* or o@g %P(ﬂg é2§%sc%§gs 45,0?22??@&6 p%ﬁgﬂg,%%ﬁgﬁgdlh@gﬂl&ﬁg adsorbed fluid is
proftide® th BafsridBEINMARY ik sdrblenthPab&aNTui Dbtotidge and dispersingispsiend;

needs are satisfied by several aspects of the present

x i nvert ik nethddSoN aWwifihe Gasad afdnrahby@riatiga’s bgtlaLagsiliev et al.
system i ncl uding a storgage tan a gaseo%s f.uel

pulilisheduifi mymaes afisavinam gH gvi@étSoFé?a RYRS RS TEGERERIo adinsk, 2000
dis %?eg&e&héﬁglltﬂ&ﬂnegﬁag%%ﬁ UrQudia®he@ Mpst Rlatky i®the tank internal

units situat W thin the storage tank for
crodgpdeeed)i ng t he gaseous fuel. In some enbodi nents, each
briquette unit includes an at |east partially open
* s 304 2 1, i, d6m063; arss4,69:869d such t hat any seal i ng of
this open vessel produces a closed vessel with a
SUMMIARY OF ra{E IYVENTIONS | ess than the given total gas

pressure within the tank,. and conpresse ticul gt .
e o poeemiriey SRl SRR E BEPL R o
t hepMesse ldicfcﬁ%&m%lr HeVa SRSRAME sybteiSintlngihgdetdpae tatke a gaseous fuel

not limted to gaseous hydrocarbons such as rretl hane
indjatingad atisedbiog eas gresed innths sasagentgpkiiahentedvent gl gas pressure, and a
C ressed..particul - at ' IRbB h fuel.
piugeldB ph RS Rl Sadh S bt W e JRbBHRNC gascous fue
act iy aéeé eadbbiarentsAleadr braduette lupit intledesoarpateless partially open vessel

particul ate matter includes dr ogen- adsor hin .
fow églgsgactﬁglsqutlkt[wtéapg S Wgé)?{/hg%e navgssregeré)?g?e% @ edor?t% g?ssel with a
pr%?Lg‘% irrléejrﬁ%-rth!itt isl1&ss Rdnelle Ignh tbiap g@ﬂﬁ’éss\dﬁﬁ@&hiﬁ thé tdnkn@tdscompressed

Iquette units provided by enpbodi ments of the
papicelsteratien fesradsashing il gageous fied sinaedvityp the Yegsel -he

Con’%rxeer%}gl%ldy ga%é&})sui%elg lﬁ%l@d%sﬁft Bl ot limited to gaseous hydrocarbons such as

methane gas and hydrogen gas.

In some embodiments, the compressed particulate matter includes methane adsorbing
compressed particulate matter such as activated carbon. Alternatively, the compressed
particulate matter includes hydrogen-adsorbing compressed particulate matter such as
reversible metal hydrides.

It is noted that the open vessels or liners of the briquette units provided by
embodiments of the present invention provide external support to the compressed gaseous fuel-
adsorbing powder, obviating the need for binder additives. Nevertheless, the open vessels or
liners of the present invention are not required to have any extra mechanical strength beyond

what is necessary to contribute to maintaining the form of the briquette units. Thus, the open
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powder, obviating the need for binder additives.
Nevert hel ess, the open vessels or liners of the

WORNBHeI®0 i nventi on are not required to have aRgTEX2Z0DEH000439
mechani cal strength beyond what is necessary to
contribute to maintaining the formof the briquette
units. Thus, the openvessels or liners of the present
invention are not pressure tight vessels, nor are the
open vessels or liners required to have a nechanica
properties associated with pPessure tight vessels for
bearing a pressure difference equal to or

vesatsmrcbmenmf eieypresguiainverion hee NG PESSHABIZRYEsIF% 8at #Te the open vessels

n the xt er nal Is f
or lmeéssgeawée tioelzaﬁz glgscéh%ulggﬁgr%f)érﬁ% a&?c&%ﬁ v@ﬁ{ Exie?uée rrtslght vessels for
beaMl @préNs@éi differander @Rialitd aedppraxikatealy kqual a0 pheettal rambagnt pressure

t ank, the gas storage syst

it s GRS LY S A RIESRSE I TE RROR: B HGS Ui systms
whlt?}% figdd & (ﬂ‘kﬂbdrﬁed AT @RNinPA ?i«é’sﬁirﬁgd farkO e gRVitdtage bystems of the

cost liner, and thereb al | owi n for
predehi imvemtidni drenet 1mp@qqthgg€5§t§ng@§ gecmt,rgg@ntswp g hgiquette units, thereby

pro%labglgeadco\?g gtlggnr}/ %h%%@gtl dt9hé 1nérh51dotﬂgﬂgb%/ Eﬁ&giln REOHHRES]ifers which

ressure’ rating ss than a
wag}&areggg'phcdoressure of the gaseous fuel In sone
enbodi nent s, sealln he en v ro :
o1 0B ey s PR S BADSE OF P otbT NP hp oy e B Sptel wit

preS3 PO thRSthhf 18R tRanld 93641 rp@es§lﬁ‘la otihegaddonstiehe group
consi sting of the given total gas pressure and

parItm samemn'énpdum@ts@ﬁnx praling €6 thsi cmjng/ggsgb%dqu@a c??ﬁqd vessel with a
pre%sH{e rragg% g}agnseﬂtléas% g 3M1Ess! tﬁ lg@ﬁfr@@&@ct@@ﬁ%ﬁﬂe 3fbu up consisting of

ce o e vessel an i1 nner surface o
the lghen $étalr gag gretam(andl‘&)parmlspmsmge obthsadinbing gaseoanipel.
part i cul ar t

gor oted that thijs C
ol 08 TR TRETITT MRS B RO BT TOL R g gessel and.
an Hanthh%e X LR Aetage vk rﬂﬁmﬁhtr@uijedﬁ)uﬁﬂ btyl‘EfoSjiact[cmm theory, it is
In sonme enbodi nents, the partl@fL Fv) M VEeS h l
notemdiaudh@sclgar@cg peavidey qufth%(g)@} ingylauorn of the prig SRS rom the externa
emﬁﬁﬁﬁéﬁhp &ﬁﬁeﬁyﬁﬂégdanﬁo the conpressed particul ate

N sone e ments, the conpressed
parIn someatiebottimees, thepaiiedy ‘apempyessek e¢ludes p aryraliy oft apertures for

| east all seI orting agqr some
difliRin of Ravrane ghso ot B he ot R AR el °p e
beep, GHIUSARRENRS YU Ebnibress € pattiCulsig tiedttet hascbekw cahpressed to form

pressure or open vessel pressure rating of the open
an gtdeastpartiaibt el FHPROFLiNGRELFEMI quette unit i ncl udes a

W apPShhe %sh Ofhahe g}e‘@otn:ﬂrésgh% PeE&Bte hattbORAN R 8Smpressed beyond a

por ous enc osure ticul'ate matter for preventing
pre@;hﬁ@edtﬁt focariocdl ptehaquaatmpeo wessekprassuregating of the open vessel.

Optionally, each briquette unit includes a wrapper associated with the vessel to form a
gas porous enclosure of particulate matter for preventing circulation of the particulate matter.

In some embodiments, the compressed particulate matter includes a chemical binder
material.

In some embodiments, the compressed particulate matter includes at least one of

compressed powder and compressed granules.
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In some enbodi nents, the conpressed particulate matter
i ncl udes a chem cal binder nmaterial. In sone

WO moboedserent s, the conpressed pani cul at e mat t erCTi/neoosohest39

at | east one of conpressed powder and conpressed

granul es. I n sone enbodi nents, the storage system

further conprises a nechanismfor supplying heat to or
removi ng heat fromat |east one briquette unit. There

are no restrictions on the heat transfer nmechanism In

sonme enbodi nents, the heat transfer nechani smincludes

at | east one channel for transporting gas and/or . .

f | uilrdsonhemlzodiments atnsierage syateat Buber sonmsiges amsehayisay for supplying

nit. In ' theqbgat transfer mechani sm
hezl#ﬁ% Pﬁ@gls?‘/g’%q\%%tas g{nlggsﬂégﬁ o t(ﬂgns?er'r ing carrier _
sel qhtechré nomedti@ions ouphe heati tensfey mechaniggasinciemenw@hbodiments, the

heat pi pe and a flyid channel . |In sone _enbodi .
negtR@n g et Y P PRt S e charik) S0 AT Rt B5 Mhior fud, where
thd@ahh ) &afdr&s¥RMoufos blidiRttORAM vessel . I n sone

enbodi nents, the bear] ngiﬁgtlnerrent bears .t he vessel h

di r dztsoge pmbedimentenisesdiheain franstem meshapism gnglpdeseat least one heat

bears the. b J i | RHeaA pipe and a fluid
O o R
chimaehani smincl udes at | east one of a heat source and a

heat sink aced outsjde of .the storage t

empdsern pEbodipengdbt hef utavo e HEF et FIble of HoRREE cloment for
thSbph veqRl.be represented as an electric heater, a

li'quid fuel heater, a gaseous fuel hﬁater, an ?i r

exc Hapees erabeflimeniatthy bersag clemenbirgeythe vessd ghrgctly-

enbqdi aeat ACHaR theMPdsb& M thiotigh ting part

Si tSgtsgﬁgwé?ﬁdﬁﬁ?ﬁsgw\%?ééﬁ%sg@?ﬁat taherlé3 'S not g1 a matme p
indhdiag agoed heat vwdnctan i nner surface of the vessel and

an quter surface of the conpresse rid

ot TiShe REbeS B ubh ARy ah it POy Bl RLERSR Sk and o heat
sitkSplARHQdtsidedf tHehsragh it contact between the

conpressed particulate matter and surroundj ng heat
conducemg gn&g@g@ptsmi legst ppﬁeo{,tgp beat sPYice aﬁcgb?ag rsm?g:an be represented
as?érngeﬁngcttﬁ(g B%a??tqg% GRINRBCReatd?Ca h@BSS Rlel BéatdiCah alrthe@Nékchanger and a

uette unit, thereby bolstering the
watfleat exeba@ss of t he heat transfer nechani sm

heat

In some embodiments, the compressed particulate matter is situated within the vessel so
that there is no clearance between an inner surface of the vessel and an outer surface of the
compressed particulate matter. Not wishing to be bound by any particular theory, it is noted
that this direct contact between the compressed particulate matter and surrounding heat
conducting vessel which the particulate matter is place serves to enhance the transfer of heat to
and from the briquette unit, thereby bolstering the effectiveness of the heat transfer mechanism.

It is now disclosed for the first time a gas storage system including a storage tank
having a pressure rating and a plurality of briquette units situated within the storage tank, each
briquette unit including an at least partially open vessel constructed such that any sealing of
the open vessel produces a closed vessel with a pressure rating that is less than the pressure

rating of the storage tank, and compressed particulate matter for adsorbing a gaseous fuel
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It is now disclosed for the first time a gas storage
systemincluding a storage tank having a pressure
wo easiengoland a plurality of briquette units siRPUELIQN05/000439
within the storage tank, each briquette unit including
an at least partially open vessel constructed such
that any sealing of the open vessel produces a closed
vessel with a pressure rating that is |less than the
pressure rating of the storage tank, and conpressed
particul ate matter for adsorbing a gaseous :
fuel sel ected fromthe group consisting of a gaseous, o
seldeyed rfama tHe@rovpLmhsisting dfyadzastpen hydroeasbery fugl erd Rydrpgen situated within
vessel . In sone enbodi nents, the open vessel is forned
the Y&SR- ¢ hat any sealing of the open vessel produces a
cl omesdnmeesabddimeith, the ppers sesel isaformed st thatsamt sdabing of the open

20% | ess than the pressure rating of .t St of,
e mene demageb R e 4 88 B AL R Gs ble prosre

i ' Ygsikng a storage tank and a plurality of
ra“ﬁ%?’gﬁ‘g]??g{éﬁni ts situated within the storage tank.

| I n
soni isemivodiselesed<for ta dstisinecgastiorags SySemdngladiag g siorgggtank and a
and c ressed £ g particul ate
P‘“FP&‘?’E %&T}P‘l}\‘ﬁ'i? %m%s%gﬁ?q?‘yng%tﬁﬁﬂﬁfé ﬁg’égé %”Sw urality of
apernt dofRenibodingass, dadhfrmuetre wnidinpludes alliner exd egmpressed gaseous fuel

support to the conpressed. particul ate tter. cop
ot e e B LB PR A el T B arnsion
an&ﬁ{o?ﬁés ERerBATBpSsTERAnE Qri e dparatuldteasttepar tial |y

se

supporting aggregate. In sone enbodi nents, the dt
| i nbr sconembastimenss.t the gaseprnius] ARporting pytiRy gl npaligr 1s compressed to

bri tte unit. jgents, for at |east one
forf"haéla%?‘?a et faéltylfﬁlllf? uﬁgﬁﬁnﬁ%g?%% of an inner surface of
t held kdig¢ embodiments, thedinef acrribites rememtginiog skl form of the briquette

particulate matter. In sone enbodi nents, the liner
Uunijoes not form part of a pressure tight vessel. It is

nOWP{jéo?&J. Qs65kih s, theatllédsb bnd theBriquadRunitl 9 haageity ySareimer surface
i ncluding a storage tank having a pressure rating; and
of thetingr eoinfacts apturfipeq ofiibe eamprpisedPAHEHAE WGt hi n t he

St Ot AdSd Asdirh he A | 3B paR@F phdshicte ilhibvetdel t
[ nc?rh%)é%e éa%ﬁ%gfr{q%égs brgeg’te?%ﬂm; opeprall vesgels, anﬁ )
par 1t @uloxt disoiabddefor fthe fiadi Smdn regs atogagsesyssny ingluding a storage tank

selected fromthe,group.consi.sti of
e e a5 BRI A BERRHR e o .
soMESSEbodiMbIRE etdeht hgqueae LirsuirRliRlesraint er Jdasts peiaty open vessel, and
conpressed beyond a pressure that i ? ecwal to a l.ocal
papsicekateumattar o1 W@Olibh"é apgaseqs f\éfééﬁlected rom the group consisting of a gaseous

hydrocarbon fuel and hydrogen situated within the vessel, wherein the particulate matter has
been compressed beyond a pressure that is equal to a local pressure rating the of the open
vessel.

It is now disclosed for the first time a gas storage system including a storage tank and a
plurality of briquette units situated within the storage tank. Each briquette unit includes
compressed gaseous fuel absorbing particulate matter, a liner providing external support to the
compressed particulate matter, and a wrapper associated with the liner to form a gas porous

enclosure of the particulate matter for preventing circulation of the particulate matter.
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vessel. It is now disclosed for the first tine a gas
storage systemincluding a storage tank and a

WO ploanedsoc y of briquette units situated w thi nPETHE.2005/000439
storage tank. Each briquette unit includes conpressed
gaseous fuel absorbing particulate matter, a |iner
provi di ng external support to the conpressed
particul ate matter, and a w apper associated with the
liner to forma gas porous encl osure of the
particul ate matter for prevemding circulation of the
particulate matter.It is now disclosed for the first
ti ni isngyadisslbsaddgeths fisstaime mgasytiregs wstemanelyding askoragedank and a

a plurality of briguetie.uni ' t it hi o  includ
Pl“&“g’i é’ég’riqéi%tl?. Up Scﬁ’%b ?‘%l‘f'é frH ehﬁén?%&ag%ctﬁﬂ(d\é%&cgo%i%ggélcrim InEIdes
corffte 804 Sade@d fuabsneiinypapidulate matitrea fimert froyidig| exteenal support to the

provi di ng, ext ernal

support to the c ressed

coppressed WRBICEIala e, a“éﬁ%i “gawaﬁﬁs?lafsﬁ g’gﬁl %ﬁﬁwem forpy?, gas porous
endidd) oftt{?e ]%é?{ic[:ﬁlﬁe ORfePOF PlderRe|castlbforOdf théBarticulate matter.

particulate matter for preventing circulation of the

par ftiicndvatlisclosad for the|firstitingwgasiaageowsigms igeluding arsfqrage tank and a

tine as stor .S A udi eyt ank & includ
P o L RPN ST e St oE e e S s
cofpr@sed aabednk-fudFadborbinf queticutatel matter, aod udgss moopy ewbwsing liner for

gaseous-fuel adsorpin articul.ate matter, and a gas

prqyésting extearAzl SYRPGIHIO) ‘F%%qg"$ Sﬁse(i)P?W?‘H?tﬁ a‘na&&rt. ernal support
t 0 }NEnGRIRERSSEMRr BRI Irk(Gith@h Bad'Rbrhgd sysletn inSlubidw a storage tank and a
di sclosed tfor the first time a gas storage system

phirality udi briguatts tuita gisuated kviin the plores| 1apk: BACchhprigisde (it includes

units .situated,wthi I DRk GeinkE ot t
cobfeo et 0L idl ot LS RAE: LM 1 ik ifibk Gk Pupport «
the@iipressbdp@ticmitt efatter ahd neleast one phameldthrygh theehririette unit for fluid
supﬁort to the cogpressed, partic

| at t
or gaalew dhés Rtethial 19105 §gh] ‘HéhrBPéi’q@St%P%n’H“ﬁLi%tr”S?%pg‘}‘?%“F%"“ heat to
ARkt ff%h tHetbrigietQin@d that fluid or gas flow

Ort?{lngough the channel is useful to transport heat t% qr £ th
r embxemblegt affplioationk of Biej @@@b?@nﬂhﬁai gaSEi@Wﬁi%%Pf embodiments of the
appl.i cat.i ons ;0o odRBods 85 Rk AYor®ked vehicles

Pr%sﬁ”gtda‘(@ﬂ? éncé?éetq‘wlggrﬁﬁlg)ggh{?@?gg%ﬁ grlﬁb i nct ude but are o

sublPis frivdist Atorhebiles, tasesomidaamdregashickaskasf pvirtwsl pip¢linedfor commercial
vehi c] es such as t‘{a cks,. aut onobi | e buses and

ang hgseheld GamrumeEs andlor mappg lgatfaffanfﬁ‘?oﬁt@?lfn}ie for commerci al

and 1hQugehidbse® RstURETist tiRBd rhetoritdriefRldgiasluding a motor powered by
transportation. It is now disclosed for the first tine h d
a gasratsofuilz sleatesh fremethp rEEPURIFRNSISHNESE Gr 8358RKE Tiirasprben, methane an

Ry
a plaslist of Bimesy shiensiiuaet wdihingthe tarageaigektandia meghanism for delivering
said gaseous fuel from the gas storage system to the motor. In some embodiments, each
briquette unit includes a liner and compressed particulate matter for adsorbing the gaseous fuel,
where the liner provides external support to the compressed particulate matter.

It is now disclosed for the first time a method of assembling a system for storage of a
gaseous fuel selected from the group consisting of a gaseous hydrocarbon, methane and

hydrogen. The presently disclosed method includes providing gaseous fuel-adsorbing

particulate matter within a supportive liner within a mold or rigid mold, forming a briquette
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a plurality of briquette units situated within the
storage tank, and a nechanismfor delivering said
wo gmsea3s0 f uel fromthe gas storage systemto REERINTOGESHN00439
In some enbodi nents, each briquette unit includes a
liner and conpressed particulate matter for adsorbing
t he gaseous fuel, where the liner provides external
support to the conpressed particulate nmatter. It is
now di scl osed for the first tine a nethod of
assenbling a systemfor storale of a gaseous fue
sel ected fromthe group consisting of a gaseous X )
frohytte pamiciate, mattet Mathen tha duppodiiegiéner, remevipe skapriquptte associated with
.di scl osed .net hod i nc) ud rovi di gaSs et : :
Sa‘g UWPPYHED ABh mﬂ};\rstaldc lﬁojé’egnré;tdteg]ro Q%‘gt ﬁl?n&g:&s? bt%pégrsct)cil%eéd with the
sugpoAR%k 1kt iRiatoragerbik.or rigid mold, forming a
briquettefromthe parti cul ?%e mat 1 e(lIl W t hg\é} t he ive force 1o
supposamne/embodiaents tBasRER gt NI NGdes PRS2 QTREFSS
' ' ﬂfﬁﬁr ' [ $aggett¥0! d, and
the\ééea%%?}%grb? e f%déé&g{dtaggggsfgﬁg}e,edhw th the supportive
| i nafief the atage of degioyings ke methathensioaaiboirtherringudgsiadding gaseous fuel
tage of farm,ng inglud plying a conpressive force
toﬁ"ﬁs edank tp gdso a%%%reg’l“ﬁget%grti culate matter to form
t he 1o hewealidchsed\fdrahe fifse tinteagmethbd 0 pésembling a system for storage of a

nmet hod optionally further includes addin aseous fuel
satequs el SEISPRECTerh HRE 150U SHIEIBR o EBIORL B T RoH g ethane and

hyﬁ‘x%g(ﬂgi Ffit OSREnlIPr disOiBsddl midthdd MEcl@deepRVMigd gaseous fuel-adsorbing
asSenbling a system for storage of a gaseous fuel |
pasielilatt mattdrrwithin resuppotiye dwas i ISTMIRG aolprlqyeagg@ghghe particulate matter

.hydr.ocarbon, .neth I . ve liner ;
RSB B B P R LR kupporive e
stc{r@%%ltarﬂ@?ﬂﬁc%&@nmgmémwtﬁ ﬁagfemftde{)lﬁy\ing hm@gcbs ?utppmgtthet\/@nquette into

iner, formng a hriquette from rticul a ef:
ek i R SIS0Y 07 UPAERY TR PTSETEA PR et o fime of the
ing;ﬁn%uette associated with the supportive liner in a

storage tank. In sone enbodi nents, the stag

e of )

deplAdier thy stage lofidendoying éha mpgod Rrfigmally fusthepinpives Adding gaseous fuel

t.ank, and .the .brj fie: ] ubstantially free of :
toglfssg?rﬁ%egmﬂ(apeagg%t)?ﬁ@febgfdugmf:i me of the inserting. .

Af t eThetchends fiather embddiplentsi wijl be lpparenthivem obe idetsaled \description and

further includes adding gaseous fuel to the storage
examples thet 504¥r b on the bri quette. These and further

enbodi nents will be apparent fromthe detail ed

description and exanples that follow BRIEF
BRIESCRESTRIBYION GIHEHBRARA NI GS

FIG. 1 provides a diagram of a multicell tank including of plurality of cells wherein each cell
in itself serves both as a pressurized vessel for the gas storing and as a container for sorbent
briquettes.

FIG. 2 provides a diagram of an adsorbing gas storage system according to certain
embodiments of the present invention.

FIG. 3 provides diagrams of several exemplary manufacturing processes for creating an
adsorbing gas storage system.

FIG. 4 provides a diagram of an exemplary mold system for compressing particulate matter

such that a channel traverses the compressed particulate matter.
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FIG 1 provides a diagramof a nmulticell tank
i ncluding of plurality of cells wherein each cell in

WO 205/@02500ser ves both as a pressurized vessel froT/Iheosgast39

storing and as a container for sorbent briquettes.
FIG 2 provides a diagram of an adsorbing gas storage
system according to certain enbodi nents of the present
invention. FIG 3 provides diagrans of several
exenpl ary manufacturing processes for creating an
adsor bi ng gas storage systemlOFIG 4 provides a
di agram of an exenplary nold system for conpressjng

FIpas tproviled e diagramr of ae redserhingagashsinimer Syptame pesEding, &0 exemplary
Eo ressga1 part i clu‘I/a ienmatter. FIG 5 provides a

em ‘i’(g&e’é%o CRRCEYSBYRIRY gas storage system according

FIG5.06 S¢S Tdsas Wifihe difren txengflary Heeap tressfert systewemtdopding to exemplary
FIG 6 provides a diagramof an exenplary heat

embedimspisof ReqresFHBYHBNng to exenpl ary embodi ments of
the present invention. DETAILED DESCRI PTI ON OF THE
I NVENTI ON It has been di scovered in accordance wth

DEIAILEDDESGRINTHON GF JHE INVENEEBMt i nvention that a
sto e, tank cont ai ni i Out £k biesent i "
wheit %éBEeﬁ‘ 15oyte neacggﬁd? ll?(f%nvgllﬁlu es ﬁc%ﬁnﬁpdraggérggo P en_u?ven on
thad @Sstar k Bentpiainii obe loaneorerbti@atte amis,ovlizre dachi briguatte unit includes

l'iner for maintaining the f f _the bri tte. unj.
comgregsed gas-apsoLRjag ng[%l? ate g?i&prg%rér(])cgq;teé\aglala@%%gﬁa gglgﬁglh% ﬁhe form of
th@BriflRtd udlt, BaSufhfl HAEnOBE Broradk tdfAUEIbinD rapssestietas natural gas and

I nvent1on does not preclude the use of binder addi t{%ﬂ\“/e b

hyédrogén. adthauglo themseseny; inveatiop doest et prechidsithepsenf hepsler aggitive such as
ek ngn . b hSE LA tEor MY IoF the briquette units, it

« s uR el e R PR o B S el e e

is R6fed HeAUiurpitsiigly, peiadbiridee additivdserp netsequir¢dfos mracgige of the present

~ Not, wishing to be bqund an rticul ar t. I [ . .
infegtino Nt (RS # CBTA BnBuPRORYS: 5Bl Thbisd) dpsin cenin
enfiRBinte e BHRARSRIREREn Resrh@ ARB&enOferahhBtof Boibgneiguette units,

units, and thus it is useful for the conpressed 4 adsorb
anpahes guisassefulefor ghe eereprewsd ParsHislss BYEqsisP sngompressed adsorbent

ranul es or r A8y ¥iitain its form f
o Aol AR o RHBLOENe PO 0B i s o o
a SIppREvE emelopnlisdrpghell] sheath, vesteklor mepibesmeh, vessel , or

menbrane. Any apprapriate material. known | idi

any ATDPHBEIHECTRRETERE Fape i o 2l Reprsplink Afediehs R providing
mEHRRCA lsu bt ©P H&‘Bﬁl@%@ﬁi pRdthlaewhafeeismppiloptiate for the liner or open vessel

appropriate for the liner or oEen. vessel .
of the briquette unit. In some embodiments, the liner or open vessel includes a good heat
conductor, such as, for example, a metal or heat conducting plastic. Exemplary material
include but are not limited to aluminum, carbon steel, stainless steel, titanium, magnesium,
zinc, and copper. In some embodiments, the liner or open vessel includes a poor or moderate
heat conductor laminated with a material of higher heat conductivity.

Furthermore, it is noted that the principles of the present invention can be applied to

any compressed gas adsorbing particulate matter. Exemplary gas adsorbing materials include
but are not limited to carbon such as activated carbon, zeolite, clays, alumina, and silica gel.

Referring now to the drawings, FIG. 2 provides a diagram of an exemplary one volume

storage tank for storage of adsorbed gas such as adsorbed natural gas. Although the exemplary
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of the briquette unit. In sonme enbodi nents, the |iner
or open vessel includes a good heat conductor, such

WO 285/162600 exanpl e, a netal or heat conducti ng ROTAERG/000439

Exenpl ary material include but are not limted to
al um num carbon steel, stainless steel, titanium
magnesi um zinc, and copper. |In sone enbodi nents, the
liner or open vessel includes a poor or noderate heat
conductor lamnated with a material of higher heat
conductivity. Furthernore, itllis noted that the
principles of the present invention can be applied

storsgy tandiripﬁless?éfdl ngéGaassm@ervghm tenk.ghigdebyae mepns 2 limflation o the

Q e

Prere R SRL PO S R PR eE htl Rl (e O prcied.

cl aYBere as Hmpﬁﬁlcu&ﬂdeﬁmdtloﬂamgéb mﬂaﬁaérfrormgvmdwlleaamlhbousmg 1b is

corgifg%g? lﬁq&gﬂg{%& gﬁgarnl%\é:,ﬂgglfxg? bgtlt %ggmgsrénh%{lteg:}g gﬁ(%gl‘g lc;(grgéosite, polymer

matGld a‘l'ﬂﬁ BHBRLRGHE thatdr al gas. Al though the
exe arystorage tank 1 illustrated in FI.G

Qne .
Vol Bugliearled TS, 25 thsy tapl heuing 1A IFM%%qdolHO@? of pgsmatic form,
N S unfts includi d
hﬁcﬂﬂ lg)é?q f}? Q)& {E‘lg r‘@@‘gc g%kR r@lrﬁg BﬁgﬁgTugrse including compresse
pa@laﬁltatecmbﬁd‘r selstated:hnsm’e tha thide hnmn@ |lhIW1ﬂh optiowsl chearanee space 42

e RO sk St SRR B FXER' B35 JRBE b o hovsig
NR YRS toRIRLhAD Ff a@nﬁhrﬁ&ﬂhl thédry, 0B rtokkelrtﬁﬁtfthe ﬁ&sence of the clearance
illustrated in 2, the tank housiing Ib i

spasmid2ihelpd toinselateghe priquettauniss fremthe gyiopmeat Qisideef the tapk housing
1pOne side with cap 32. A plurality of briquette units

I ncluding conpressed particulate matter is |ocated

i nsildie el thanthetoigsetrequiits asi itlhstapadi araskleetivel depdeyable within the

space, 4; bet ween the outside surface of the shells or
wﬂhhﬂéﬂgg Pd the inside surface of the tank housing. Not

Wi sl o) Eeoap?%cﬁ%dﬁﬂat%y ahypepad tize i @pprdphiarrbpth fot thesstorage tank 1b
not ed t hat resence of the clearance s

42 .
in vélighs theopliridity & érlﬂ‘F?étebla{qulé‘c"ide 1) §PRUEASE QM ﬁgG systems wherein a
cyﬁ% rlcéppaﬁgnsil?;%gfsgdr g:guﬁ’éméxﬁem@n kheN RS BE shiped! thnk $b as illustrated is

uefte units as illustrated are
méirellqub\n&'@i a5 anafhogeabh,endiit mtnntbmdtaamdlrhléﬂ!i@nmg thgyshape of the tank.

Otgﬂﬁrﬂpamppé@é{lec' atc‘f\&ﬁtbﬂ.\ﬁ%reglgy pl‘gga tto SHE&f%i d\kzindrlca hand it is noted

tha}| tHE &nkt b B sobde &MﬁidﬁrﬁéntﬁIrﬁhﬂbﬁeﬁdbmaﬂibrcomﬁqemdif d)tbert dheped tanks.
CNG systens wherein a cylindrical Eha e is liner §
Simgely.r ampeappropriaigsshapgmer pe éﬁwﬁﬁﬂfﬁpf%&o‘ ¢ &RR" pRptaiger or liner from

wh1c1~|1 d 1{151%&5?8' ﬁ%ﬁgﬁﬁ[eerln)ftté?r&}ﬁb%erge&%m%ﬂ dubpstet [ratdnemBSEHments, the

iI's not inte as a limtation on the shaﬁe of the
opefRléntainer or liner is shaped so as to let a heat pipe or ¢ annel traverse through the

briquette unit.

Each briquette unit 3b depicted in FIG. 2 includes a liner, shell or open vessel 4 of heat-
conducting material and sorbent bed 15 including compressed particulate matter located inside
the liner. Optionally, the liner includes a plurality of holes or apertures of relatively small
diameter made in the vessel or liner walls (not shown) for great gas diffusion to the
compressed particulate matter. Optionally, the upper portion of the vessel is closed by a lid 7 to

prevent circulation of gas-adsorbing particulate matter within the tank, though the closure does
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O her appropriate shapes include but are not limted
to spherical and cylindrical, and it is noted that the

WO 10a81ko2kd@® i n sone enbodi nents i ncl udes conbi nardToM2@5/000439

t hese of other shaped tanks. Simlarly, any
appropriate shape or size is appropriate for the open
container or liner fromwhich conpressed particul ate
matter derives nmechani cal support. In sone
enbodi nents, the open containﬁ% or liner is shaped so
as to let a heat pipe or chanffel traverse through t he
briquette unit. Each brlquette unit 3b depicted
nOFIn@ed 20 i foh (B bermetiF | sealing &h@rqdugs aobf@?ﬁll{ﬁeé‘é@l Vessg)y Additionally or
t ﬁ%vecl’ qHet 1h&g SR Pk o‘?lveés@fjlﬁﬁﬁpseﬂ% msﬁémb@%k%mgg, bonding or
AEPredsed paf Iculate matter | ocated
anly i ot .meDndd, &rhmfdnyxhetﬂvévdswam be ilone¢randsipperphalyes| drtsjdedgng halves (for
hol es or, a 4 ﬁﬁ g relatively small dianeter nade
ex?’ﬁpleh%anéé’E’é ”Cé‘ FYRE&r wal I's (not shown) for great gas

di f fAAsORivER bhad@GaomIes $ach peighétrubist ds natlossd with a wrapper for
Optional ly, the upper portion of the vessel is clo

préNenting cigeufation qfisaidenarticuiate RS 19ihoRnka¥hels apy B’iaFFélaFg’f forming a
gag %oEoug W Ab&u I tﬁp??o \Ma{ boP tHeNRrabBEHK ExEiRIHG mhteAals liSttleSut are not

esnot need t ermeti ¢ sealing to produce a
lipiteb®falerid anghtetmgsget wnsmguto ibe f@aunq/bmnya?atrtéwﬂtthw yt is noted that

fo} gghlg%lprgg}tsv}gkrn I e?% gsir,]?j:/ aém%g rthaé ﬁ?/e %?r%gr R \ﬁﬂdb\éeﬁlbjected to sudden
m¥{&, Shdh atsféﬁlbbaah‘)éﬂﬁs eeviding ah emmbaﬂrwbrawemk Wwithinesmoving vehicle, it is
si del ong hal ves (for exanp sem - ¢yl i.ndri cal

usafull viesyrapper: Bien BEGUFER yundy t%d’&?vte]“o ﬁa’f‘ Ugtion xhireiR 4 kg or bits of
COWI‘&SS%&S Pﬁﬂ&hﬁ’t?qgad% hheaRs WvaP B3 fh@rbrﬁﬁ@&/eeﬁﬂlt B circulates throughout
0

ci'rcu I on sald particulate matter in the tank,
thwbmr@eamﬂ( material for formng a gas por ous encl osure

riate for th [
L R, TR 0 gt
tth%Hlbfk@sedegab-@dﬁﬂlbiﬂgl phiticalate mpaudr ifor alprdshlee Itlght $>tste|m5 but there is no

noted that for enbodi nents erei.n there
limjtation angthe fr@plgp@@;a{ BioRETES Pf tggvgsaﬁlJOé ingk e{a&vg g;dtgag Ie}m%lent pressure of

rgpéf e as%é’sc itRmn tﬁ@%?ygg‘%ﬁ{ksor%ﬁﬁbéjtd"ﬁe Presite bzﬁﬁfgdof the storage tank

torag tan wthin anmoving vehicle, it is useful to
1twlfa|ffpesr, it lsemp ﬁmlémeetsmhetlom H@?Sébbréﬁ%tl% ofj qvght logption in the liner or

wherei n .a,ch
ORFG: ¥ee<.Fel blF é%ﬁ%&ﬂ?ﬂmgg/ a{rré%l] %ﬁblgﬁnﬁ% tgf B%ro%ﬂla% ggg Qvithin the external
st6lak€ tn@t lbeathfrOctsghlmmtthé ltt&alsdndnag @retssu‘rk wifkiart thereixteriiad storage tank in

there no specific (gmsnt that the open vessel or
whichdhe lings gEpRANSES conpr essed gas- adsor bi ng

par t h¢ Hée‘ath%rerwtat“%caf &Eﬁhé BRS¢ “Epeini v@bde] Sr¢SdutdmatiRgit or “non closed
there s no lI'mtation on the mechanical properties of

veshel presswelrating”|of aaobjes! with we innsr syifaca apd am putsF s fage guch as a liner,
m%gnbrane, and a open vessel is the greatest pressure rating of any closed pressure-tight vessel

obtained by any sealing of object such that the entire object bears the force of any pressure
differential between the inner and outer surface.

It is understood that any sealing of the object includes addition of material to the object
such that the object forms a pressure-tight closed vessel, and that there is no restriction on the
strength or thickness of the “sealing” material. The local pressure rating refers to the maximum

pressure rating obtainable by forming a closed vessel. Furthermore, it is noted that the concept
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any of the gasses within the storage tank or relative
to the pressure rating of the storage tank itself.
WO Fiosr$0250n some enbodi nents, the | ocal pressurlsCT/HRIFH00439
of every location in the liner or open vessel is |ess
than the partial anbient pressure of adsorbing gas
within the external storage tank Ib and/or |ess than
the total anbient pressure within the external storage
tank in which the liner or open vessel is placed. As
used herein, a "local pressurld rating" or "open vesse
pressure rating” or "non closed vessel pressure
of salihgg fam aclost] eesselistriot agstriqteseio kners aeepemyesagls that are mostly
outer syrface such _as a.li . :
ctogds Bt & leco et el B po B8pe FTAHRE s (REARARE Brpssure rating
obRIESIS Wyeaddir@hiny @as@lt oFhingi materidiyto efhym sedbsedgobgéct where the entire

obj ect "such that the entire gbject bears the force of
obiaehyisplf baSEine Teree PEMBITPEIGRTTTERR PHECF T ETIE Gy Gsurfece.
SUrTReE L 5 S QRFni ARt foPIRY |8 Pprieireatihd16f the liner or open
obj lfgc > fhr?%:ﬁtalf%e%g%dédi ti gﬂ of materi al ?ilc)) thel obj ect 21 support. This
veseldl'brill Michghe;m?prteﬁpd partivelag rm’f@tsdftrr\@s exighel meefwgigal support.
vessel , and.t.ha ere i J : D€1that is less than th
SUGF Egntp e ioh Q88T apSeRQvIETIPE BHARE TadliPtha o less than the
ambRGAbreBues st sdbibig gl @rdtorttbe tdial ambientipressnrsswiibie the extemal
rat%n obt ai nable by form ng a cl osed vessel
storage fFnore, it is noted that the conceptof sealing to
for iR @S 8t v lineSs dIQbers P&bElE GiBA thiak Wallsdssigied to withstand
open vessels that are nostly closed, but a | ocal i 4
to fcelgsessererratingiatos naush dess den thearbientrsessus afiile 3AsRIbIRggas and/or
ressure ratin t- Aj k4A@. any anmount of any
gL A R SR g1 @rl{%geg%‘?%a&&ggaggﬁer e the entire
obj aats futth@hfordelswss fdrahé asage offlinensyor mipes yassels with a local pressure

differential between the.inner and quter surface.,. .
rariia 1 € I &haar 6° R -Sie e s FaReniv s Bk REvpish ghe briquene

unﬂfl%%Hﬁﬁe&.-@ﬂ%]??es{rﬁﬁoﬁ bR &l Rdter@ @Ad WRSGess dfitigsnindd ot bpen vessel
the conpressed particulate matter derives external

of tedhmpetteunitsio gyab pufficreng extesngl gyoshanigal SHPRGE igproyidgs.tothe,pompressed
open vessel It -Nr.ess j [
oA RERG, U, o B FERSSH ok o  fe or o

vebdaBistsiindficaanipiesntsuptt es Sorrexampten20Potless cad0%r erai0% dass a0 less or
tank. This al liners

ows for usage, of r_open, v el S
8004 1o, SnoPHR ARSI 825 GEESP G Gt PR gD Bl O R aial pressure
of IS BN Cads ALitiNA thbRktetrl Mobdpel @IS of Mg tdtdl cansbifbritepressure within the
pressure of the adsorbing gas and/or the total anbient
experiezd storage winkioir thetpvessasetrating0f tag Syiepd StosREe 2Ky s
further mor | icti S@g€ || i8f Edharacterizing the
vosdBFE T T ePlS LA 0E HEReZedhter! b ROMpRHIOR Wharacteizing
colfpeespydepaticidate ahatrey asfoctateel with shadiners oo sitigpeedt ntbg gpgn vessel.  In

pa\ptkl]clu?a? énrllk?od?rgénqg,etthteecompressed particulate matter has been compressed with a
pressure beyond the local pressure rating of the supportive liner or the open vessel of the
briquette unit.

Furthermore, it is noted that there is no restriction on the pressure rating of the external
storage tank, the pressure of adsorbing gas within the tank, or the total ambient pressure within
the tank. In some exemplary embodiments, natural gas is stored in the storage tank at

pressures between 10 bar and 50 bar. In some exemplary embodiments, natural gas is stored in
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units are situated.- The only restriction on the
mat eri al and thickness of the Iiner or open vessel of
WO tdog1dmsooquette unit is that sufficient externaT/IL2005/000439
mechani cal support is provides to the conpressed
particulate matter. Thus, in some enbodi nents, the
| ocal pressure rating of the liner or open vessel is
significantly less, such as, for exanple, 20% 1l ess or
40% or 50% | ess or 60% | ess or 80% Il ess, than the
anbi ent gas pressure within tife ext er nal storage tank
or the partial pressure of adsorbin as wWithin the .
theestdregentank sit preagpsest gnaktenthan 180 hast Aimaadly, dhere iy ag ggptrgction upon the
within the, externa eolg . r.t r
ebeay BV PRD D%t BPRE T Ehs dpanpehiin ' f PIRE f some exemplary
emBOE@RichisCnan@slt gaks ¢4 dterad anrobieerdpgates. of conpressi on
characteri zing the conpressed particul ate natter
assbremplay Mgt = 95 288 1 the open

vesgglie id fb RAEIiGH PThe PRRRSY foPMafufaétiAnE ARPEGREMErioned systems for
particul ate matter has

been conpressed with a pressyre .
stobiey cxisorbing gasc evathelssurambodimenss of thogresenipayentiga also provide a

| i per .or the e ouette unit.
maﬁH&FWé’PgrBfog,essi%& iog}{ ﬁ%ﬁ @g g?{wséélgg%gis{gﬂ#s no restriction _

on Fhe. 1K aasuites ot dxempbiry tiasufestusngprocess omcheging preiiding the liner,
e e S AORGE T, 805 LB AR 5 s
nagl?ag :Egg A BrERP AN dER Mithin DHatliAeAbr €D vieSseb (STBR2AY) appiging pressure to

ge tank at pressures between 10 bar and 50 agar . 43
thd gasgertubtemplieryp (FBBdATERder i fammgompaessidgasiadping matter

' storage. tan tB@; ' I
(SJQE%‘!Z?‘AT | y?s%gﬁeentrt@, |l§ gﬂh%lﬂir gz ?ﬁﬁ%ﬁ?ﬁe%ﬁ%p%ﬂm%lﬂgﬁga@e E’(ﬁﬁpressed natura
gab-@AGREHi A particidlhte whittein4X dre phededIGNIC JHEER $A bintr @iojage tank 1B.

the briguette. In sonme exenplary enbadi nent ;1

| E ) et SO S TR SRS e v
thd ﬂﬁer'\@%{‘b_@:@q’&éééli ?2 (BrERYBY ethida t&infohmigemior $4 situating gas adsorbing

restriction on e process for manufacturjn hi, |
pagticotatematteohe uady et rateral gas %‘iSQF‘?“PﬁJ Pﬁﬂ@‘?ﬂr‘ﬁiﬂh‘g tb%\ Iner or open vesse

(SQIEE? pggl)lpﬁgiég g?é@&g'tmﬂé gasogar{iaﬁatgrn%ctﬁpt% (‘STEPth)tnin_order to form

i
manufacturing process for formng this .
cofipSessédgAgEsabimpamtteFUE (SBBP i4B).uSubsequentiyne phyralif|od byiquette units

manuf actyrin rocess including.pravidin I A
St s O GLaaur S Py S aR, e b8 Bleced 1G. 3
s?%S% hitth fevabd @Hk aBe nmatter 53 such as natural gas

ads

orbing powder within the Iiner or open v ss]ﬁJaEh%STEP lied
2) ,Otisphl)y. e Wres o opan Yessel A@reyadedya able & Pyhganfihe pressure applie

oSSl B R ey sl pede v
mbdi Spuef the prodess iBBIG.AB priivitpdtexeeraad sppress & thaafineraer open vessel 4
during the step whereby pressure is applied (STEP 3B), there is no requirement that the
external mold 53 of FiG. 3B be subsequently placed in the external storage tank 1B, especially
if the liner or open vessel suffices to provide the necessary mechanical support for the
compressed gas-adsorbing matter of the briquette unit.

It is further noted that the shapes illustrated in FIGS. 2-3 are merely exemplary shapes,
and that any appropriate shape for the liner or open vessel 4 of the briquette unit is appropriate

for the practice of the present invention. Furthermore, it is note that there is no specific size
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gas-adsorbing particulate matter 43 are placed (FIG
3C, STEP 5A) into a storage tank I1B. FIG 3B

WO t0ob/uebeoat es an al ternative exenpl ary manuf acgt@mwiragps/000439

process including providing the liner or open vesse

(4) (STEP IB) within a reinforcing nold 54, situating

gas adsorbing particulate matter 53 such as natura

gas adsorbing powder within the |liner or open vesse

(STEP 2B), applying pressure _to the gas particul ate

matter 53 (STEP 3B) in or der 1Po form conpressed gas
adsorbing matter 43 (STEP 4B). Subsequently, a .

respictiomMhaigoyfer lon ithe Eingreor gnen svesyl fnkn oR sRcifigeexemplary embodiment

hS2IPLERS nfd . t i, CAHsBiLE nf¥Biah €T gas in a tank
whE P SFRRE e et i AR RS RH 8, §R0A ML nitRiehlggs in -
emBiide@ ekl yytorhbisile, irenlune ofiba compreeied papsicolatedoeftdrgn each briquette
able to withstand the pressure applied in STEP 3A
unifsi388wO09 ¢ eri ng per manent deformation. It is noted
t hagyl 4 hrvaes hhiagexh fnal exsblrbhold sfsten furamefsessing particulate
FI G 3B provided external support faor the I%Qer or1
matgremicly s e Phagnelirayerges the buqusie WA PB BY CpmBLstfdPaftiulate matter.
appl| ' h Rofth Wed§ tefhalcoldit to exempla
ext iéir(%gﬁ ﬂrﬁgﬁgs gg)ag?a"f: %& %Bobe gs%%’se(qruég%; pl aceg%l n P ry
embbdimextseifniz present anyenticankn sape espediinghtsythg storage systprarof FIG. 5 is
or open vessel, suffices to provigde. necessary
aPM€Eﬁ§ﬁEEQP%§ﬂﬂﬁﬁP¥ﬂﬁ%?“?W%egﬁﬁﬁ?@%%égaggggadsorbing
mat /5. @proviies Brdidesh o€ patd bf arl éxentpldryhedtaransfet egbténhatcording to
the shapes illustrated in FIGS. 2-3 are nerely
exaxplap| catbpdiprapicf theprasePhiy /INy- appr opri ate shape for
thepl hagf &fpgigﬁ %H%Xﬁﬁﬁ@l)f the gfreskﬁleapgfi&a‘ﬂﬁﬁ,t da8h WhkHe Vegbs, "comprise”
approprlafe or the practice of the present invention.
"inklude hardrthees", and ¢cnjugstes theneaf, arhawed fosindigate ghaag e @bject or objects of
si zerestriction. whatsoever. o L ner I £
g B ey B TR T PR PR AR or pars o
thCRABREESSABjeas bf thatve. car bon powder is used to adsorb
methane gas in a tank enbedded .in. an, autqQnpbile, th .
vol dhe pgﬁseqthev%ﬁ?, hag besa %ﬁ;rftieglﬂsg{ged%l[eg @Fsﬁrwtlglésc?f embodiments
thebdfAHG FE pHRVided! @P?lcﬁ” eQQQpIE Rd afd ot MteBAQY tddBSiItathe scope of the
|agran1op an exenmplary nol'd system for COHDYGSSIHE .
inyeation.cThatdescnbed embsdistentsheemprisshdiffeeant tfeatyres.seef tlheof which are
briquette unit or t CONMpL.ess arfi ci . .
B 5 el b BB SR RS ST o imencin
utiiYS 08N aaOLHiIthg féturex @npossidie arvhrbdnationt of abie fingures. Variations of

present invention. In some enbodi nents, the storage
errwgtr@aﬁsopf thepresgnt én\gﬁm)rblsl?qt 6{1{%%13%5:{1%8% agégpaaoﬂgqe&?sapf the present

in%%ﬁox?'é%glgﬁn RifRrdhP b HaGonsedt fehtbres bfed ift the BascelB& émbodiments
I 'agr am parts of an exenplary heat transfer system .
widlcapourdiorgersons of the art. The scope of the invention is limited only by the following

claims.



exenpl ary enbodi nents of the present invention. In the
description and clains of the present application,

WO ma®in2edo t he verbs, "conprise" "include" and Pa1anedos/000439

and conjugates thereof, are used to indicate that the
obj ect or objects of the verb are not necessarily a
conplete listing of nenbers, conponents, elenents or
parts of the subject or subjects of the verb. The
present invention has been dqﬁcribed usi ng detail ed
descriptions of enbodi nents thereof that are provided
of exanple and are not intended to limt the

Wf%@é‘écéﬂle@l ivention. The described enbodi nents

3)

4)
5)

6)

7

8)

9)

conp‘érag,glogﬁgfsfsq&qﬁ%ogﬁgﬁges not all of which are

r equi ments of the invention. Sone
enbodi nmeajtastarfge taek; pr esent invention utilize only sone

of thef atures or, i bl.e i i 0 i g
f eat ur es®) VRATRPP (gﬁ c@d i @%@ dgf aﬁﬁg{‘%é gﬁgﬁ/ﬁmgen an
i nventi Oghstsmthyafoeaﬁeﬁ (f\lidl b&;dedaindsaiihnmdgmnk at af givhe total gas

present 1nventiqn conprisi nﬁ g%)ffer ent rrbl nati ons of
f eat ur esprﬁﬁﬁl‘léﬁ‘dsﬁ‘ﬁg?%@‘:%’é‘&a B r@%%%ﬁ ts will occur

to per 50@521 @tl 'ilB%f%rtquet?@@m&csﬂﬁﬁe@fVlﬂ*Ahﬁsaﬁd’lét&lagd: 20k, &ch said
limted i)yte f ol ovmngclalrrs\/\HATISCLAll\/ED

IS: 1) Abmaette tioit glidingst em conpri sing: a) a storage
tank; b) a gas}%;)gar leéjs?lpaﬁghg%égﬁl v££sgf“3£l'ae JQE el COﬂStl’UCted

consi sting of ogen eous roc
stored in saighchtiot age s¢adink ofikaidmpen veseeltpmoducegaglosed vessel
pressure, said, gas i ncl udj ng_ an ads

BT ural ]ty oM A PERISTE B R e P BT T Ty Apgpressure:

storage tank, jip re@kd phfticMe! mettdtnfof adsoedibglisaig: gakdous fuel
an at least partially open vessel sai d open vessel

construct ed sumatedh’athnawd ¥esstli ng of sai d open vessel
pr OI §§S§t%gcolf c?al VSRRt n ‘é\% a:'&oﬂg%feﬁzp%ﬁcuﬁﬁé gt MRfudes methane

gi'ven gas pressure; il)
Comd@%ﬁﬁ@lccﬂﬁpx’essewbmieulmtmmerfor adsor bi ng sal d

TR KR NIRRT e e
mat Ledhing Lot sB bhabate matter.
The system of claim 1 wherein said gaseous hydrocarbon fuel includes methane.
The system of claim 1 wherein any sealing of said open vessel produces a closed vessel
with a pressure rating that less than a partial pressure of said gaseous fuel.
The system of claim 1 wherein any sealing of said open vessel produces a closed vessel
with a pressure rating that is at least 50% less than a pressure selected from the group
consisting of said given total gas pressure and a partial pressure of said adsorbing gas.
The system of claim 1 wherein there is a clearance between an outer surface of said
vessel and an inner surface of said storage tank.
The system of claim 1 wherein said partially open vessel includes a plurality of
apertures for diffusion of said adsorbing gas to said particulate matter.
The system of claim 1 wherein said compressed particulate matter has been compressed

to form an at least partially self supporting aggregate.



adsor bi ng conpressed particulate matter. 3) The system
of claim1l wherein said conpressed particulate matter
wo povshemdes hydr ogen adsor bi ng conpressed part i Bal/HE2605/000439
matter. 4) The system of claim 1l wherein said gaseous
hydr ocarbon fuel includes nethane. 5) The system of
claim1l wherein any sealing of said open vesse
produces a closed vessel with a pressure rating that
| ess than a partial pressure of said gaseous fuel. 6)
The system of claim1 wherei h’any sealing of said open
vessel produces a closed vessel wth a pressure rating
10)t halhe systa dfeksn 1508er¢in said chmpreasedmesisutate wattes bpppeen compressed

framth rou onsi st.in ' i.
or SEobpEe 5 BANBAH O Podlpadhth SLE R L BlepiBer
11)7) Tieesystémt@ladh 10kiedréth Saidbegwite unhefiethesinaludk:ear ance
V.eS

et ween an outer surf,a%je OE sgli d §el and an innelr e of
sur f ace 15} 3 ¥EIRPCLIBIAYR PHRRY 5SSHHE 1QIn 8 831 RIYOUS AP IR
wher ei n g fidtd Rattr 1OPSBvNERS elrcll REInFR8idParticulate matter.
plurality of apertures for diffusion of said adsorbjng

12)gasTheosys@imdofpdiaim twihetein seict eamprespd prréculyierrasiicpnchidgs pchemical
1mﬁl;llsr§i n aia conpressed particulate matter has been
conBPEELYN% forman at |east partially self

13)SUPPIRY $yiseeh fadainghtvaerd)salthengyssehpaficuatainmtter inkkded at least one

sai d conpressed partjcul ate tter has been conpressed
bey%frfé’“ﬁ’rﬁﬁ%%%qﬂ‘gr ?‘Pfja‘fong’cﬁffé?d”rgrﬁn ® ocal pressure

14f ARG Glens dhipNeArKEsSAlrisik) The system of claim 1
wherein said briquette units further include: iji) a .
wr apper &sg cuéchamismuior URRlY S\ ISERBIOVIng hetntogatyleast one said
por ous enegl of said particulate matter for
pr event ?%réqugﬁ?[éﬁf'ati on of said particulate matter. 12)
15)TheThy system aff otdimi b4 Whetedr edid rsevhanisronipelodeseat least one channel for
particul ate matter i

i ngl ud a chem cal bi.nder . .
Pt BRISRPTNG ) SSIEnGS) SPTk b Aron T B puRraper g gf ges end fluid, said
CONPIBRAFvERS thfdgRhaiddiyedttel U@l udes at | east one of
conpressed powder and conpressed granul es.

165y s Thersystent ph¢laim 14 whersir saiomphagismgnclygeszt ié%w}ﬁﬁgem transferring
Lo RUPELLAO, B Ul Sl At e 5 i
sai chamaelhani smincl udes at | east one channel for
17) "  The system of claim 15 wherein said heat transferring carrier plays a role of a bearing
element for said open vessel.
18)  The system of claim 17 wherein said bearing element bears said vessel directly.
19)  The system of claim 18 wherein said bearing element bears said vessel through a
mating part including a good heat conductor.
20)  The system of claim 14 wherein said mechanism includes at least one of a heat source
and a heat sink placed outside of said storage tank.
21)  The system of claim 14 wherein at least one of said heat source and said heat sink can

be represented as an electric heater, a liquid fuel heater, a gaseous fuel heater, an air

heat exchanger and a water heat exchanger.



transporting a substance selected fromthe group
consisting of gas and fluid, said channel travesing
WO tdusaoexsho a said briquette unit. 16) The syst epeDiL2005100339
14 wherein said nechani smincludes at |east one heat
transferring carrier selected fromthe group
consisting of a gas channel, a heat pipe and a fluid
channel . 17) The system of claim 15 wherein said heat
transferring carrier plays a role of a bearing el ement
for said open vessel. 18) Thd8systemof claim 17
wherein said bearing el ement bears said vessel L .
22)di rEled bysten 0f cleime Isyhereim sid eqraprassed pariispistenmatigrds situated within

bear i, | | . vessel and an
ETSHGIP PSS o

par ! conduct or . he system
of gltax siirface yheideiompeabad pretiduian mawtérncl udes at | east

one of a heat source and a, heat sink placed outsi 0
23%ai Ehgﬂ@}e:gggft ¢laigy 1 ﬂemrppéd g%Prgﬁﬁegfpa&cgﬁim emgﬁg?snit least one

at L eAsaedEarbEn, $831Rk, RS, 2hAHinG GnaRHicaabd heat sink
can be represented as an electric heater, a liquid

24X uel daestomge systgmseoprsitgiel heater, an air heat
exchanger, angd asyx%ggr heat emggigggera 22} el8ife SYShRIR O and

claiml erei n said conpresse articulate matter s
si t uat edbyd ploiatitysef quesseditsssitusthd vithinesail §teragetank, each said
cl earance . bet ween, ayl L nner surface of said vessel and

an out er PEqHefte Bt Beludingy conpressed particul ate

matter. 23) THenSytLMparitialy dpsh Vewbiersgidrnopeaiwdssel constructed
conpressed particular matter includes at |east one

)
activated carvsh thateny pealing of s34 ol el Prodiiies & Flopecavessel
gel. 24) A ge‘&itﬁ%?r@sgﬁestﬁ{g%Fg s!tRdn\Gid ﬁ%sﬁr@?aﬂh?@? said

sure rating; b)

tank having a pre an a plurality o
briquette uni fterage taukat ed wi t hi n sai d storage tank,

each said briguette unit including: iJ_a . | ea
partially opetd G%@B@F%edswué%%ﬁn%{é%s%f agsoogélfj # uac%ésgous fuel
such that anysg@ald fidn e Sous coReNing @5 8 ghscpuotydresarison fuel
cl osed vessel with a pressure rating that is |less than

sai d pressur eandidrgenpitupgdivishia saig gfe%sﬁlnk;

25)  The gas storage system of claim 24 wherein any sealing of said open vessel produces a
closed vessel with a pressure rating that is at least 20% less than said pressure rating of
said storage tank.

26) A system for gaseous fuel storage comprising:

a) a storage tank; and
b) a plurality of briquette units situated within said storage tank, each said
briquette unit including:
i) a liner; and
ii) compressed gaseous fuel absorbing particulate matter, said liner
including a plurality of apertures for gas diffusion and providing
external support to said compressed particulate matter.
27) A system for natural gas storage comprising:

a) a storage tank; and



i) conpressed particulate matter for adsorbing a

gaseous fuel selected fromthe group consisting of a
wogersa02s0 hydr ocar bon fuel and hydrogen sit uat BATAWA0b3/000439

said vessel. 25) The gas storage systemof claim24

wherei n any sealing of said open vessel produces a

cl osed vessel with a pressure rating that is at |east

20% | ess than said pressure rating of said storage

tank. 26) A system for gaseous fuel storage

conprising: a) a storage tank and b) a plurality of

briquette units situated within said storage tank,

each sabylalphirgitedf briguette unittsitudied grithiin sad storage tankpepch said

ii) conpr.essed gaseous fuel absorbin articul ate

mat t er %98"{‘ eluinﬂé'?é?'i“ﬁ'&g'udi ng a plur a?i ?y of apertures

fo!rdgas diff@sd'dlgm;aﬂd p:rovi di ng external support to

said conpressed partjculate matter. 27) A systemfo

natOI ural gas &) &#sseps fug)pgsqraing garticylate ‘E%tfﬁr g@éprtegﬁffpé 10 form an

andb) a plurgfi a] & ' ' t hérhhrovidi

said stor agegit ?ﬂéﬁﬁt, &Iertéilg]}l gaé?gﬁ%roﬁ%gte%gzé%ﬁtsg?nlg?% |rggl: "

i) a liner; axtrmial upperstosaid dampresaespariewige prites cul at e

matter conpresse for . rtiall f :
29)cugBBr g g ot B SRR AL e BBl Bkt S Bl form of sai

suppRuéttd whitsai d conpressed particulate matter. 28) The

system of claim27 whereip said |i nerédc ntri butes

29) i e PR, HOMT 67 INNGRens L Lo 8 P LS 98 oriy of an

SY Shgs@raceloRb 4Tl AferWaR1aBls A shiFticedf s4i@ @6hpRB&dpaitidulate matter.
briquette unit, a majority of an inner surface of sajd

30)| i B sysemadckinm 23 wheriesart lingsdgeswifnrappsip! a pressure tight vessel.
particul ate mtter. The system of claim 27 wherein
31)sai’%1gi’% %%r?ged%ééemn%’tmlig}nﬁf part of a pressure tight
vessel . a3d)tofaggasmksthl age system conpri sing:

b) a plurality of brigjuette units situated within said storage tank, each said
briquette unit including:
i) an at least partially open vessel,
ii) particulate matter for adsorbing a gaseous fuel selected from the
group consisting of a gaseous hydrocarbon fuel and hydrogen
situated within said vessel, wherein said particulate matter has
been compressed beyond a pressure that is equal to a local pressure
rating said of said open vessel.
32) A gas storage system comprising:
a) a storage tank; and
b) a plurality of briquette units situated within said storage tank, each said briquette unit
including:
i) a liner; and
ii) compressed gaseous fuel absorbing particulate matter, said liner
providing external support to said compressed particulate matter;
iii) a wrapper associated with said liner to form a gas porous enclosure of

said particulate matter for preventing circulation of said particulate matter.



a) a storage tank; and b) a plurality of brigjuette
units situated within said storage tank, each said
WO boosqeasbd e unit i ncluding: i) an at | east parpPCEIL2905/000439
open vessel, ii) particulate matter for adsorbing a
gaseous fuel selected fromthe group consisting of a
gaseous hydrocarbon fuel and hydrogen situated within
said vessel, wherein said particulate nmatter has been
conpressed beyond a pressure that is equal to a |ocal
pressure rating said of sai d 2 pen vessel. 32) A gas
_.Storage system conprising: a) a storage tank; and b) a
33pl uAdap stprage SHYe GRTPESI&i t s situated within said
st or age .Sajd briquette unit including: i) a
a@gﬂlf?rfg@ﬁm,%ﬂa g g: i)

l'iner; conpressed gaseous fuel absorbing
parti cul b epluelityof bripiede hnitseitugedwitimsgidsteraga tnk, each said
support to said conpressed particulate matter; iii) a
wr apper é@%@?&?lgw%yﬂdf%'saig liner to forma gas )
porous encl osyagadporsas ¢hchingilioet;at e matter for
preventing circul ation of sai Parti culate nptter, 33

. e

A gas stor ageii)s%?@ﬁﬁse%r%ﬁ?epgﬁ a%orbaingtpapg te glﬁﬂc?r gituated
o70.5) 3, 17y 6L Ut L A
i) a gas por ommnss@e(bsartigﬂat?n@ﬁ?r-i i) conpressed
SN TP BUR AR L, Tter 5
support hya Sédage mokpndssed particul ate matter. 34) A
gas stor g)gae p]%}‘/aﬁittye g} gr?qm%{té lerili?sgs:itugt)ed %vit?\tmosra’?1 seto}ager:] lt(a;nk,a ga%h said
briquette unit including:
i) a liner;
ii) compressed particulate matter situated within said liner, said
liner providing external support to said compressed particulate
matter.
iii) at least one channel for effecting a thermodynamic process
selected from the group consisting of a heating of said particulate
matter and a cooling of said particulate matter by transporting a
substance selected from the group consisting of gas and fluid, said
channel traversing through a said briquette unit.
35) A motorized vehicle comprising:
a) a motor powered by a gaseous fuel selected from the group consisting
of a gaseous hydrocarbon, methane and hydrogen;
b) an on-board gas storage system including:
i) a storage tank; and
ii) a plurality of briquette units situated within said storage tank,
each said briquette unit including a liner and compressed

particulate matter for adsorbing said gaseous fuel, said liner



b) a plurality of briquette units situated within said
storage tank, each said briquette unit including: i) a
WO biaone2500 i ) conpressed particulate natter sitREE/HEHR005/000439

within said liner, said |iner providing externa

support to said conpressed particulate matter. iii) at

| east one channel for effecting a thernodynam c

process selected fromthe group consisting of a

heati ng of said particul ate Egtter and a cooling of

said particulate matter by transporting a substance

sel ected fromthe group consisting,of gas and f| b%f?aﬁa?

u
sai d channel mrevdiagsiesa FrRRRGhioasaih PoMBESGH Ppiticy
35) A notorizgd vehicle conprising: a) a notor powered
by a gaseous fuel selected fromthe group consisting
of a gas®ocumehlyohisoc forbdalivering baid egasgoals Hyelr foepa rraidopasasiorage
on- board gas star,age systemincluding: i) a storage
t ank; aﬁﬂ’?FynémﬂmgﬁgTity of briquette units situated

36\ t RifetB 6F BEMABE al30km foRbragabfla paseomsefitleseleniet! from the group
including a liner and conpressed par[ai(ful at rmt%(?e({1 .
f or ccadisendpfrygasequs hyaroeyhen. mthane and AYTPEDy g\ﬁd’@ﬁt mprISINg:
ext er nal ?ﬁ%@ﬂ?ﬁqg gta&oﬁs"‘ﬁngl-g&ﬁpﬁﬁgsﬁﬁgc&ﬁé trlaftel AitBin a supportive

o nmec

matter; ani sm for delivering said gaseous
fuel frolinesaiidigamokk or age systemto said notor. 36) A

t hod of nbl i t : :
fuel sel BoPEATEAOMERE: JPBLA LbRlr he RHS; Al HRERRHSrive
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storage tank.
37)  The method of claim 36 wherein said stage of forming includes applying a compressive
force to said gas fuel absorbing particulate matter to form said briquette.
38)  The method of claim 36 further comprising:
d) after said deploying, adding gaseous fuel to said storage tank to adsorb
said gaseous fuel on a said briquette.
39) A method of assembling a system for storage of a gaseous fuel selected from the group
consisting of a gaseous hydrocarbon, methane and hydrogen, the method comprising:
a) providing gaseous fuel-adsorbing particulate matter within a supportive
liner
b) forming a briquette from said particulate matter within said supportive
liner;
c) deploying said briquette associated with said supportive liner in a
storage tank.
40)  The method of claim 39 wherein said stage of forming includes applying a compressive
force to said gas fuel absorbing particulate matter to form said briquette.
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