WO 2007/008730 PCT/US2006/026631 CATALYTIC REACTIVE
COMPONENT REDUCTION SYSTEM AND METHODS FOR THE USE
THEREOF FIELD OF THE INVENTION [0002] The present invention
réYaeYi@Heield of on board reactive component removal SyStermsjanessi
reaction systems and methods for the removal of reactive components
from the vapor phase of fuel storage vessels. In a particular aspect, the
invention relates to systems and methods for the catalytic removal of
GadeivE T RDACTEVIDOO NP (BPRNENRBE O iYeh SIOBOEESeRIS METHODS
specifically oxygen and/orﬁg}mww potential for fire and
explosion in such vessels. INVENTION [0002] In
order to avoid the potential fire and explosion hazard in fuel tanks (e.qg.,
aircraft fuel tanks, ships carrying flammable fluids as cargo, and the like),
it is necessary to reduce the concentration of reactive components (e.g.,

oxygen and/or fuel vapofSEhRHaRASIEHASCENRTRNN contact with liquid
fuel. Many different approaches have been taken in efforts to address this
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Sto?rggl%ége N the rtgnvolves usi of a pressure swing adsorption ‘system
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toSeparate the 0X
expboda] Misecle vessaleell as other systems described in the prior art require
elaborate setup and add significantly to the cost of operation based on

the provision of an §n %igé%#gert as_generator system (OBIGGS).

Accordingly, there iS4 pﬁ?ﬁ)ﬁ@%@%% Bhethods for

removing reactive components (e.g., oxygen and/or fuel vapors), or
4% uclRgdre taevisid the rasentidd firtrnd applopibaserfdie fistbrags (esseltraft
fuel tanks, ships carrying flammable fluids as cargo, and the like), it is necessary to reduce
the concentration of reactive components (e.g., oxygen and/or fuel vapors) in the gas phase
that is in contact with liquid fuel. Many different approaches have been taken in efforts to
address this problem. One such approach, for example, mvolves taking the bleed air from an
aircraft engine, passing it through a membrane based gas separator to remove a sufficient
amount of the oxygen so as to reduce the oxygen concentration below 10%. This reduced

oxygen content gas is then used as an inert gas blanket in the fuel tank.

[0003] Another method employed in the art involves use of a pressure swing adsorption

system to separate the oxygen from air to generate oxygen depleted inert gas,

[0064] These, as well as other systems described in the prior art require elaborate setup and
add significantly to the cost of operation based on the provision of an on board inert gas
generator system (OBIGGS). Accordingly, there is a need for improved systems and
methods for removing reactive components (e.g., oxygen and/or fuel vapors), or reducing the

levels thereof, from the vapor phase of fuel storage vessels.



SUMMARY OF THE INVENTION [0004a] In accordance with a first
aspect of the present invention, there is provided a system for reducing
the concentration of one or more reactive components t from the vapor
phase of a fuel storage tank, wherein s aid Fuel storage tank is provided
with an outlet for removal of vapor therefrom and an inlet for return of
vapor thereto, said sy3téfobrprigh§Hd FNadtidn Yone, wherein said
reaction zone provides conditions suitable to deactivate said one or more
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zone in fluid communication with the vapor space of said. fuel storage
SYSEERRiE thie Bl P e FaBrStoraAg e taMK e ARRF B SUtiOfeR Sdigm the vapor
phateaction Zaneda: flkid, canmunication with.the.vanorspace ofigaid fuek: o
enSiorage tank via the ink}e{gt of the dule; storage tank, [0004h] in accordance
Rith 4 s883ha ASPEtt VKRB Preseht VErtion ke hrolided an systeiing: 2
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having an Inlet and out et, a source of air, wherein the source of air is’in
fluif ol comimiinicationtivittutive Sptet of thid frebetiorzzomg dsturoelof dael fuel
sto@pl Whetein dhe spurce,of fuelvaporisiindluid. communicationwith the

in“]e} of said reaction zone, and optionally a filter/condenser, wherein
sPagienatie thteHcordenseridsraden! thelhsheores 61 is in fluid
communication with the inlet of the filter/condenser,and the outlet of the e

[ooditer/congdensenis iifluideommunication with the fuel StarageVessehided »
wherein sa?'%d. reaction zone operates under conditions suitable to,
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soullYid.communication with. the fuel mﬁ&5&9&;#53%%.&28%: éf;‘%%g%?gaﬂ?ﬁge
with a third aspect of the present invention, there'is provided a system-for
reagisplacing fivelin cofvaperin thesvaporspace:of;, afuetstoiagevéssel
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zone having an inlet and outlet.. a source of air, wherein the source of air
wheg frEfliliarComtriRicatien with'the et or e sreattishr o dcsdurcel bfihe
iniefuehvapoaendereinthe. sewreeof fuahvanrisnillid is in fluid communication
with the fuel storage vessel, wherein said reaction zone operates under conditions suitable to
remove ot reduce the concendration of reactive commponent in the source of air when
contacted therewith in the presence of fuel vapor, and is in fluid communication with the fuel

storage vessel,

[6064¢]  In accordance with a third aspect of the present invention, there is provided a
system for displacing fuel in. or vapor in the vapor space of, a fuel storage vesse] wiih
reaciive component-depleted air, said system comprising: a reaction zone having an inlet and
outlet, a source of air, wherein the source of air is in fiuid communication with the inlet of the
reaction zone, a source of fuel vapor, wherein the source of fuel vapor is in fluid
cormmunication with the inlet of said reaction zone, and optionally a filter/condenser, wherein
when the filter/condenser is present, the reaction zone is in fluid communication with the

infet of the filter/condenser, and the outlet of the filier/condenser is in fluid communication



communication with the inlet of said reaction zone, and optionally a
filter/condenser, wherein when the filter/condenses is present, the
reaction zone is in fluid communication with the inlet of the
filter/condenser, and the outlet of the filter/condenser is in fluid
communication 2 with the fuel storage vessel, wherein said reaction zone
withgiovidesteorditions! suitable toi¢emeNegoredugeidheccoftent ativr 6o
rembCACHYEIGOMPORERUS)Hin the seurceof Al when canicted-therewithin,

the presence of fuel vapor, wherein the reaction zone is in fluid
coniggitthiiiieatibl Wit the 1ee S faragarvesabr e dud it kecerdalida With a
comfurtb-aspectiofithegresentinyeation, there is provided a system for

reducing the concentration of one or more reactive components from the

anvapor phase of a fuel storage tank, ggreLn said fuel storage tank . .
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pha:zeoa':a 5 G0 e:g% QQ;%Q\OQH%%%MS&J PR9 rs}t%gam@etgg’alkc&t %I%(%ELS %{Ldo Lﬁ?et?#é{gs femoval

emng reactive'with one or more reactive é’ompone‘nt s) when cor]tacte
of viherélwithi-under soitalsld gonditionsyamintetd said systentimihigng.
carafOMMynication with the. vapor:shace afsaiduiuel sioragefankovia the sid

outlet of the fuel Storage Lank, and an outlet from said reaction zone in
catafp P BRI CABON Rith thE VAN 8 C8BPEHE FU BINSIbF A LRARNTE HHE
unafé:ﬁ letiobtheduelisterag %;fam i@@%%]aiﬁl acoaansewithadfifthiaspect ofr

the present invention, there is provided a fuel storage system for use in. .
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reackemavad of lapar-therefroniandiarhinletforreturt efivdpdrahenreto;rdndaahe
in'ie{%?ﬁypﬁg&%% pea%éi]%g an inlet and outlet, wherein said reaction zone

provides conditions Suitable to deactivate one or more reactive

component(s) in the vapor phase of said fuel storage tank when
[0 (Emhtacted thisrewithihwheteirsthe olitlet o said fuedstordepsaank s e flgigie!

storS@MMunication.with the dnlet of the reaction zane rand the.inletiof said fyel

storage tank is in fluid communication with the outlet of said reaction “
outlgiolie [ M BRECTIAHEE WO SIS EEH 6T theapréseritiAviitivraction
zondNErEHS Provided Poutiet, wherein said reaction zone provides conditions suitable to
deactivate one or more reactive component(s) in the vapor phase of said fuel storage tank
when contacted therewith, wherein the outlet of said fuel storage tank is in fluid
communication with the mlet of the reaction zone, and the inlet of said fuel storage tank is

in fluid communication with the outlet of said reaction zone,

0064£1 In accordance with a sixth aspect of the present invention, there is provided &
method for reducing the concentration of one or more reactive component{s) from the vapor
phase of a fuel storage tank, wherein said fuel storage tank comprises an outlet for removal
of vapor therefrom and inlet for return of vapor thereto, said method comprising: passing at
least a portion of the vapor phase from the fuel storage tank through s reaction zone,
wherein sald reaction zone provides conditions sultable to deactivate said one or more

reactive component(s) when contacted therewith, thereby producing a vapor phase having



method for reducing the concentration of one or more reactive

component(s) from the vapor phase of a fuel storage tank, wherein said

fuel storage tank comprises an outlet for removal of vapor therefrom and

inlet for return of vapor thereto, said method comprising: passing at least

a portion of the vapor phase from the fuel storage tank through a reaction
redissHe OWHEFSIn S ald e ich pBmke IfoVities otiditibrisdintapie tere the vapor
phaSle@elivate GaiciQBR.CRMAER Jieastive-componsai(swhencontactedorage tank.

therewith, thereby producing a vapor phase having 2a reduced
.._concentration of reactive component(s) therein, and thereafter returning
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combination through a reaction zone under conditions suitable to produce ~
any pEgetive BompeAdHtcdeplatedniife pistishaNyereindving: ks iiate irbmithe
readi@ACtivE LRMPORERLHeRleled Bl doproduce substantially water fiee. £62,

tine component-depleted air” and introducing the result ing substantially
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as fuel is withdrawn therefrom. [00051 in example embodiments. there

[s0@Ere provideasimpiifiedsystems-and methodssfer: catalylically reduebag,theor
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phautifizéd teireplacekeohplex:OBIGGSisy stems oh itheimanket. Sitiaplyto replace

Comét%gggﬁ;%%eg a&%%d&m%@tfﬁgﬁg@ inventign,_ the vapor phase from the fuel..

is passed over a catalytic bed operated at appropriate temperatures

the ygrafaliatsd wadtivi betwke enpirsecoxyjerrant thfdelpeapot by oxidation

temP e fugl NaRoldhus deastivating:reactive COMRANENES, in,the.0as PhASE: e
In addition, circulation and_treatment of vapors as contemplated herein

fuel witRfhIZES ta<RAtiRG RTUYT EomRaATHY Fadbre tor e afiosffereireulation and

trea{0RO6 npnetharambetiment-oftherprasentinventionsthene:ane: pravidgds
systems for

the athiosphere,

[006]  In another embodiment of the present invention, there are provided systems for

deactivating, reducing the concentration of, or removing one or more reactive components

(e.g., oxygen and/or fuel vapors) from the vapor phase of 2 fuel storage tank. Example

systems include a reaction zone having an inlet and outlel, wherein the reaction zone provides

conditions suitabie to deactivate the reactive components. Optionally, example systems

include the ability to remove heat and or water from the vapor phase.

[0807]  In yet another embodiment of the present invention, there are provided fuel storage

systems for use in a vessel {e.g., an aiverafl, & ship carrving flammable fluids as cargo, and the

2b



deactivating, reducing the concentration of, or removing one or more
reactive components (e.g., oxygen and/or fuel vapors) from the vapor
phase of a fuel. storage tank. Example systems include a reaction zone
having an inlet and outlet, wherein the reaction zone provides conditions
suitable to deactivate the reactive components. Optionally, example
like pystérhis:! iFichage shecabilinyro vemiove heairtand ot waterchronmiihe vapop! one
or nRRARE[AQQAL, %M&B@H&‘i&e{ Smhedimentof; ’ﬁll?Q@éﬁ%nHJ;'ﬂVﬁQE 180 8180w

are provided fuel stora stems for use in a vessel (e. -g.. an aircraft, r
levelinip Eafhyirig AErAHYAIS ‘Ffu} ik CAG6 ARG RSB ey TsienMaeover.

- circ SERIAUSAyRiemsheing.capable, of: maintaining theispncentration levelsiof-
one or more reactive co iaonents in the vapor phase of the fuel storage

CONEURR R EHRTEIENY TOG IEUEIS so as to dramatically reduce the risk of fire
and explosion therefrom. Moreover. circulation and treatment of vapors
04688 conteniplatetdnengindminimizes:the venting of fuekcontainingdaporsitais

for Q’Etl ’rERU’ES th@%ruurlo%mle”zé;[ E’li nnog 5(31@5 «99'"@6391% 9f theepg(:es?ng
invention there aré Provided methods' for deactivating, reducing the

componoentratiohof coprehievirg re ap: mmeméa&wgméfe mpeents-fromithe

passYRPQNPRRASS Ot 3 fuelsiorage fank. xemplary methods.comprise, passing
at least a porn !l of the vapor phase from the fuz | story e rank through a
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o tihevaRenphase is returned to the fuel storage tank. 2c Optionally,
exemplary methods include the ability to remove heat and/or water from
the vapor phase. BRIEF. DESCRIPTION OF THE FIGURES; 10009]
Figure '1 is a schematic illustration of one embodiment ofa reactive
component reduction system according to the invention. (0010] Figure 2
is a schematic illustration of anotner embodiment of a reactive component
reduction system according to the invention.



[0011] Figure 3 is a schematic illustration of vet another embodiment ofa
reactive component reduction system according to the invention. [0012]
Figure 4 illustrates the performance of an inventive catalytic reactive
component removal system. At relatively low temperatures, a standard
noble metal catalyst is capable of reducing the oxygen level from a
Optistantiing fevel ot 0r6%os lesh dsahe3ipbim ({0DIB FigitaBlisrarsetdmaticie vapor
phaggystration of another embodiment ofa reactive component reduction
system according to the invention. [0014] Figure 6 is an illustration of one
embodiment of a catalyst containin% reaction zone with heat exchanging
capacity accordirg B RO FVERIGH (00 LFF BBUTEA- 18R flustration of
one embodiment ofa catalyst containing tube for the reduction of reactive
HoEOMPENSAY(S) acoeiding ta.the.presenthinvention: {00161 Figiwre Bis-afent
illustration ofa catalyst tube having a gradient density according to the

- rpnd 1 i Sy . yf:", oS
reduS O IRUSH GO 1601 FIFIYFEYY A and 913 illustrate two embodiments

of a catalyst tube having internal fins suitable for coating with catalyst.
1601100018 1ukiguire: koleollectivety ritistratesdhre eremlbodimerits ef aicatalysinent

tube contem Iat%d for %Lse in the Qractice of the present invention. Figure

AU S O AR Shibotimantsf a 3 WO 2007/008730

PCT/US2006/026631 catalyst tube having external fins. Figure 10B is a
(00 Mipwiogan @mbodiment of i tatalysttutierkavingarmimential fcorecitich

comMaY,Recoated with catalyst; Figure. QG is a,view of an embodiment of a

catalyst tube having both external fins and an internal cone which may be
coated with catalyst. [0019] Figure 11 is a view of an embodiment of a

160 FRachi tompoHEnt T EHLRGEHEystem HeEOFaNIL e the BreseHt srvamtiah

remQQRQ)FgUIS 1348 view ef-anotherembodiment of areactivaicampenent of
reduction system according to the present invention.

reducing the oxygen level from a starting level of 0.6% 1o less than 5 ppm.

H0013]  Figure 5 is a schematic iHlustration of another embodiment of a reactive componerit

reduction system according to the invention.

[0¢14!  Figure 6 s an illustration of one embodiment of a catalyst containing reaction zone

with heat exchanging capacity according to the invention.

I06813]  Figure 7 is an illustration of one embodiment of a catalyst containing tube for the

reduction of reactive component(s} according to the present mvention.

00167  Figure 8§ is an illustration of a catalyst tube having a gradient density according to

the present invention.

[0017)  Figures 9 A and 9B illustrate two embodiments of a catalvst tube having internal fins

suitable for coating with catalyst.

[0018] Figure 10 collectively illustrates three embodiments of a catalyst tube contemplated

for use in the practice of the present invention. Figure 10A is a view of an embodiment of a



[0021] Figure 13 is a view of an embodiment of a reactive component
reduction system featuring evaporative cooling according to the present
invention. [0022] Figure 14 is a view of an embodiment of a rotary water
réYRAVAT/8YE8 M contemplated for use in the practice of the preSRUE2006/026631
invention. [0023] Figure 15 is a view of an embodiment of a catalyst tube
contemplated for use in the practice of the present invention. DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENTS [0024] In
catglysiithaiesing i thiap ddge dtigwe AfiBris thervarbaprovindinsys emsdtatyst tube

havRdWEINGe0E CRRGARYIAHNY 6f 0N8-aNMIRIGIHRRGIELOMPONENSI 8y
vapor phase of a fuel storage tank (e.g., by deactivation of the

he. )
emb33hn egwa%@eﬁ%%ﬁyomgm% it fiRel aBiiiageheomeis v
coageihwath cutletfor removal of vapor therefrom and an inlet for return of
vapor thereto. Invention systems comprise: a reaction zone, wherein said
[0019ACticiBZeNe RIOVIERS LANEIINE SR IE A ARRALNVAIENSRICLANG K QLE
reactive component(s) when contacted therewith, an inlet to said reaction
aceg %Bgiﬁofﬁ}?&) SHANOFTEEEBN with the vapor space of said fuel storage
tank via the outlet of the fuel storage tank, and 4 WO 2007/008730
[00p 7/E152008/52668% Amtsitstirieiing rebr tierstioreinpflogat reduction
sysEamrisncalieuitidlaaRersRace of said fuel storage tank via the inlet
of the fuel storage tank. [0025] As readily recognized by those of skill in

[ﬂﬂgﬁ aﬁé grﬁ %%Q/i\éw@t%?oénrl%% tﬁ{gn Co%?e%gg%scgvnb I%h %Eleeg{'l%gon syste
desirably wish to remove (or reduce the concentratio ol}fw en in contac
fea RGN DR RIFOTIE te dktipecssmtipveisncontemplated for
treatment in accordance with the present invention is oxygen. Another
[0oReictiigurempBnerteaiteneplbidinéar sfeatnenivataceardanegdwith the
| ion Isq include fuel vapor,.as well as a variety of
Coﬁﬁﬁ?ﬁé{g}?ﬁ%eﬁmﬁéﬁ ﬁ?gﬁg Sgn&rlr?(jprgf}?egg]s%%% ed therewith. A particular

advantage of the present inventign relates to the fact that circulation and
{Oﬂa@a“ﬁ%eo%@%%ew of an embodiment of a catalyst tube contemplated for use in the

practice of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0024] In accordance with the present invention, there are provided systems for reducing
the concentration of one or more reactive component(s) from the vapor phase of a fuel
storage tank (e.g., by deactivation of the reactive component(s) therein), wherein said fuel
storage tank is provided with an outlet for removal of vapor therefrom and an inlet for return

of vapor thereto. Invention systems comprise:

a reaction zone, wherein said reaction zone provides conditions suitable to deactivate

said one or more reactive component(s) when contacted therewith,

an inlet to said reaction zone in fluid communication with the vapor space of said fuel

storage tank via the ountlet of the fuel storage tank, and



as contemplated herein minimizes the venting of fuel-containing vapors to
the atmosphere, thereby reducing the environmental impact caused by
the handling of such materials. [0026] Invention systems optionally
cHP RIS ERhlet/outlet which enables equilibration of pressuremithineisss:
vessel depending on whether the vessel is exposed to sub- or super-
atmospheric conditions. For example, it may be desirable to provide a
source of make-up gas to equilibrate pressure within the system upon
explEEES %%—%?ﬂﬁ% FasHerigwsHaitiBiicommramiatayy iipthe sxposuredof said
super-atmasghkesisseanditionsmdimaybasrsirabledo@iiew venting of the
vessel to reduce the pressure therein. For example, upon ascent or
lokesceil phay AlteAl G RNES MBI NG AlE Al el g Jyslsiarage
vessels therein, may vary “significantly. In the case of descent, for
coRanTRIE RiRhRPp Bt drsinii Y ovihipiEme Nt (RegduceibaRacatitoRedd ethen
in @oneerselyitiem-ASceat RNkt BaY I 8 IFARIS IRl BY reatment in

a Ss pressure on the fuel storage vessel. Optionally, make-up gas (or
odohihe Qe p ifvention 1s %&f%ﬁgl %%ﬁ%{h%@?&?%ﬁ&ﬂ}ﬁﬁﬁ@mt@d

vented vapors Rl be subjecte
fordprateren dtacesadengs soin Porensts) itvention (@4 absy edudinydhepor, as well as

a x@qa%ﬁa@&%@%@,%mﬁg%@ S RO UERE\ (VAL PETORIRED f%\‘/é‘rﬁk% | with

dthe int:%g ction of outside air into the system, or the venting of vapors to
adypags tg‘ﬁﬁé?%?nfdﬁ‘éeﬂt%%ﬁtgﬁgﬁﬁ?é%ﬁ%%ﬁmI@éé@'ﬁﬁ@b?@@@om
as mmmelbhmeﬁysiﬁmﬁh ' h1'zé§tlﬁmgﬁ¥§6iglﬁéﬁﬁbrﬁﬁﬁﬁg%§6@5t$@h@&%}fosphere,
! ct that the vapor havin n freated to deactivate the
e b R PR T L el e

0 tgén bein%r?\éented. It is to be understood, however, that invention closed
[0%8%p Seratts sHt RS eI TR TS EowinG olss Sraioneanijhaation of

preterpreisintielant dup enaing iBHkHOM LR fo8SHICR BYRREES @8- or super-
ater vapor or other

libration.of pressure therein, removal of
am?%%%{feﬁ?g‘?ﬁe‘%ﬂo%?%“ef iR Sh R o a2
to %@ibrmm@rmi@ﬁmmmmmmmmmmmmﬁ@pmgigoadram;y
Mt@m@y,eﬂ EE&EJ%&E@&%él@ﬁzﬁ&@{h‘éﬁ@&rﬁ@i%ﬁéeﬁsrﬁég ggtt?ésglrggle o allow
catalyst, wherein said cata yst IS reactive wit said oné or more reactive
veniime Bgﬁu@ﬁﬁgewﬂ SrfeehtacRsessure therein. For example, upon ascent or descent of

an aircraft, pressures within the aircraft, including fue] storage vessels therein, may vary
significantly. In the case of descent, for example, it may be desirable to supplement the gas
content of the vessel. Conversely, upon ascent of an aircraft, it may be desirable to relieve
excess pressure on the fuel storage vessel. Optionally, make-up gas (or vented vapors) will
be subjected to the invention method for deactivating one or more reactive component(s)
therein (e.g., by reducing the concentration thereof) so as 1o reduce the safety hazards
associated with the introduction of outside air into the system, or the venting of vapors to the

atmosphere,

{0027] Invention systems may optionally be configured as closed loop systems. As
employed herein, the term “closed loop” refers to the fact that the vapor having been treated
to deactivate the reactive components therein is returned to the fuel storage vessel, rather than

being vented. It is to be understood, however, that invention closed loop systems still



therewith under suitable conditions. In some embodiments, the vessel has
an inlet end and an outlet and, and catalyst content can vary throughout
the vessel. In certain other embodiments the catalyst content can
intFee8e i8R the inlet end to the outlet end of the vessel. [00P8]/As2006/026631
employed herein, "deactivate" refers to the conversion of reactive
components such as oxygen, fuel vapor, and the like, into substantially
non-reactive species, i.e., species that are substantially inert under the
corgeynphaieisetor ¢bieh Aheycareorp ddlet mste fab iy cldpamiveted apéiieationo!
prﬁ%magﬁo@@gmm§&%§mﬁiﬁ%éﬁs WRSJRJhe RIAEIAaOf The

present invention jnclude optionally supported metal catalysts such
fea&%mf&?f&&?ﬁﬁravﬁ&@&é%‘@f’a@ ¥ afaﬁraﬁﬁﬁfh © ARHItRYPIORIO G ba PoRHg el
in dhverlike pipregioe g Nistatactiansitio muyaials;ine tal axid esptdnganttiyst,

whaék%&aua@g% 1§??££’<!9 Rt and H}gélk%u@é el %?mqagtwfe% Antacted

any two or more there Cataytlc re ers to tacilitating’a rea

thefavdth eneer mvsRimepefié v mibreome setbedinerdsalye o srisldrarnindg) end and an

outiBCHld RO Biea e @sidiensiian Metalhonalr! Qddes (e-Briaitl 3R OAbodiments
‘oxides such as Ru%?{g ?ﬁ%f’é%x and peravskites), and the like, as

the A SO ST f e i gesset

contemplated for use herein may optionally be supported on a variety of

(00734 tenalemplrsrrdiersiexeprpisaimariie oubp srryaeeuatuadtspomponents

sucﬁ@mg@gaﬁcﬂ@,ewagom Brlik@e AT el S RHERS, NS S0 RO YRR PHI8Secies
0 be mpl oyed as Sl:g)ﬁ%&t materials, either alone or in

thaf aﬁ%{%tﬁﬂ RO NS e i AT ¥ A eReRe B,
deazireginiosprudastmoritioritenanisidhe like, or combinations thereof, for
example, silica- chromium, silica-titania, and the like. [0031] When

[0088falYtiE5RAl RN IFRACKH R LIMPRHSAISS SR BYEdnBWIdE MRRE RS

catalyst with said one or mare

sungble condl%ons for c agntactln%?bsau

PR R RRSHRL HSHH S5 o 3tod0E PRI st S8 6.3 latium.

palbdﬂﬁﬁﬂﬁ@lﬂt@dv&;(@ﬂﬂpl&@l@;ﬁﬁm mm;laenm&ﬁeﬂagmrmzamnmm

car D BITHRS MR CRRNRL AL IR SRS 1RAR 8RR F25 Y08 more
resentl y preferre

thereof. “Catalytic” refers to facilitating a reaction or interaction involving one or more

reactants. Catalytic materials may include noble metals, transition metals, metal oxides (e.g.,

transition metal oxides such as RuOx, LaMnOx and peravskites), and the like, as well as

various combinations thereof.

{0036] Catalytic materials contemplated for use herein may optionally be supported on a
variety of materials, such as for example, metallic supports, activated carbon, carbon black,
and the like, as well as mixtures thereof. Inorganic oxides may also be employed as support
materials, either alone or in combination, e.g., silica, alumina, silica-alumina, magnesia,
titania, zirconia, montmorillonite, and the like, or combinations thereof, for example, silica-

chromium, silica-titania, and the like.

[0031] When catalytic treatment of reactive components is employed, a wide variety of

suitable conditions for contacting said catalyst with said one or more reactive componenti(s)



temperatures contemplated for use herein range from about 50C up to

about 400C. Even more preferred are temperatures ranging from about

100C up to about 350C. [0032] To facilitate control of the above-described

cstalyio/prersess, the invention system can optionally further corpis6:@2663:

temperature modulator. Optionally, the temperature modulator can be a

heat exchanger, which may include a heat exchange medium. The heat

exchange medium can optionally include a liquid or external air.
areypsideaiiatide dbexaranyendiivhecacgoisyplisiteciby @vappsaiiieseatlingnls with

cakI Al EXPARAETEAR bR ROSIBRG AN eRRf JOGRIONBMIN her.rveq
invention system, e.g. the heat exchanger c n be associated With the
lCERERTaEce SABHIAL e Seetsp herirsage iohaslyert S8A(beppositiondto°C. Even
FERM:Qhrd NIRIRAN t ini ssel.or the heat
Inexc anger rrfay be integra%%j%ﬁﬂﬁe%%ﬁgﬁvéegﬁ%g%% 5\% en the
perature modulator. is.positioned upstream of the catalyst containing
O P B e s eGP R o BTt s mon st
0ammﬂeatheﬁeﬂmmmismtmmmmmm&ampﬂ&m@;imeanperame
mSQHRGICAB-ANOR EalAkiShCRINAG SRRl 1S PLETGIABMASRT 10Ty eas
reduce the temperature of the vapor exiting the ca aTys co%talnlng vessel.
CXGURRST TRETm i artenalbdnriegr rlissdd ersmsieatiaitn Opaienigly, heat exchange
cmmwmnmﬂﬂmyigmﬁgy@ se&iﬁgg.hgiﬁ& géa@%sabﬂlaﬁg&%@ﬂ%y@ﬁﬁfsheaﬁn a
necessary..to proyvide conditions suitable for catalyzing reaction of oxygen
"?’v-’v(igt S L B SO P P E RO SRS e gt
Wlﬁh@/@%ﬁaélst/amﬂ}ﬂhlm@és_ﬂi va&eﬂmncbmhm@etww [ﬁ%éitifﬁii&: R@EYEam or
domﬂ!?% ﬁ%’h‘f Qﬁ@%@&lg@@&&yﬁiﬁe@ baen & {Heq%%? re:q{%ﬁgl? o Halat ehhies eg{t d with
invention include employing a reaction zone which compgrlses % Sourde of
th‘?ﬁ?ctm%\\’f@s@hergy sufficient to deactivate said one or more reactive
component(s) when contacted therewith. [0035] As yet another
(0@t rnativen the thogdurtire atinly iacive Gtionpod nestis-m acaes danlet Withining
tha B ERYeNHR, ACLON ; e.employed which comprise
T S e LA AR Rt When

theré%wétmﬁgq?@); e ernstiame afifitheatalyst containing vessel, it is

preferably used to reduce the temperature of the vapor exiting the catalyst containing vessel.
When the temperature modulator is associated with the catalyst containing vessel, it can be
used to heat or cool the reaction vessel, as necessary, to provide conditions suitable for
catalyzing reaction of oxygen with fuel vapor, thereby deactivating reactive components

(e.g., oxygen and/or fuel vapor) in the fuel vapor and air mixture.

[0034]  Alternative methods for treating reactive components in accordance with the present
invention include employing a reaction zone which comprises a source of microwave energy

sufficient to deactivate said one or more reactive component(s) when contacted therewith.

[0035] As yet another alternative method for treating reactive components in accordance
with the present invention, a reaction zone can be employed which comprises a source of
plasma energy sufficient to deactivate said one or more reactive component(s) when

contacted therewith.



WO 2007/008730 PCT/US2006/026631 [0036] Optionally, invention
systems may further comprise a flame arrestor between the fuel storage
tank and the reaction zone so as to prevent any possibility of combustion
toveatiigatétite back to the fuel storage tank. Alternatively, thereactivn26631
zone can be designed so as to prevent any flame formation. [0037]
Additional optional features which may be included in invention systems
include one or more oxygen sensors, which may be positioned upstream
{00301/ P pioweibtr sarenfronstEenrcaelidurbeneosyEscte faumitoretter Oxipgen the

fuel@¥Siinihe Anlehandial.auiat g@%%%&%%hﬁ@%ﬁ%ﬁ@ﬂiﬂm%a

feedback loop could be %rovided so as to adjust the contacting conditions
compicaibask it die fbrletawee ek dH israiy ey Jertesion suecadpassigned

so &and/preafienipgseaciomgone. [0038] As used herein, the term
"upstream" refers to an element in a flow scheme which is located prior to

(0087 PeiRigiRBIRRRERINCINEL! FRIRISHSE RIGTRINEAS HIEHRE SRS terM.

"downstream” refers to an element in a flow scheme which is located after
NG OF AROFE X BB BT O PeTEf SN B B RerReF I qRrs S8y StreRe PRt b rem e the
reatiiervaBtions thensykite thdnaysis teind ud dhaifltitapusificatiogmoie fuel

sofRPISE (@ emous yater o e teateg Al oy example, e flud o cor
pdrimcaton moaule r‘nay InClude a‘condenser 1o reduce the émpera ure o

corigiane ateibiy tsorapétovwoireag eviupdinn of dre by ieailitathgirterioddebiramyd/or
AR EXRESSWARIELHA a particular embodiment, the fluid purification module
may include a pressure swing adsorption module. In other embodiments,

pyrification module may include,membranes, A recirculation Ii'}ne m .
00 o e e AT s e GRS B e i
locitgdintdetrie ordmboisrn zefieeenThpoiinfidipeftficatciomodul 4 maydistcoatedterm

“aARHERATY RIFEQ W IR aaMEHN Y, MR GACHRWARDS:sI I O ARLIMENS point

water may be removed by a moisture trap. [0040] As used herein,
or ”ﬁgﬁ‘i‘?ﬁﬁﬁﬁéﬁwﬁhd "purifying" refer to the removal from a fluid of one or
more components. The removal may be partial, complete or to a desired
[00R%le| Brebriviayinsididesnéned i iontipscine il mopyisnantsde a fluid

purification-module adapted to remove water from the treated air. For example, the fluid
purification module may include a condenser to reduce the temperature of the treated vapor
below the dew point, thereby facilitating removal of any excess water. In a particular
embodiment, the fluid purification module may include a pressure swing adsorption module.
In other embodiments, the purification module may include membranes. A recirculation line
may be provided to transfer the fluid from the fluid purification module to the inlet to the
reaction zone. The fluid purification module may be located upstream or downstream from

the reaction zone. In other embodiments, water may be removed by a moisture frap.

{0040] As used herein, “purification” and “purifying” refer to the removal from a fluid of
one or more components. The removal may be partial, complete or to a desired level and

may include removal of only some or all components.

[0041] In one embodiment, the system may also include a recirculation line adapted to

transfer the fluid from the separator to the inlet of the reaction zone.



[0041] In one embodiment, the system may also include a recirculation

line adapted to transfer the fluid from the separator to the inlet of the

reaction zone. 8 WO 2007/008730 PCT/US2006/026631 [0042] In one

eWbaelimepit3the system may also include a vapor trap adaptedt@s2006/026631

separate vaporized liquid mixed with the fluid from the separator. [0043]

In accordance with a further aspect of the present invention, there are

provided systems for introducing reactive component-depleted vapor into
[0042fu eIstoragebedssaitathéusbtiswatdrswmdhate frorpotrivprtioptsy sieapsrate
vapoPRHAREH LSRN RZRAR R N1AinG: F:IRlGEand outlet, a source of air,

wherein the source of air is in fluid communication with the inlet of the

reaction zone, a source of fuel vapor, wherein the source of fuel vapor is
{0043 Fluith eornmancicwiibre fwithethepedet Obsaityesdctiventondhan dre ptioviaty
sysRiflUeHGANIENSEL WRRTEELIPGILIRG JHEEQRHENSRY JSRAER6Ake DEssel as fuel

.__reaction zone is In fluid communication with the inlet of the
is viiifulrenn daneiema My thE-BaEeBrs & condenser is in fluid
communication with the fuel storage vessel, wherein said reaction zone

opesalasHRdshoRRFiions suitabletaLemove or reduce the concentration

of oxygen in the source of air when contacted therewith in the presence

of fuel vapor, and is in fluid communication with the fuel storage vessel.

[0044P1cacd e ariecivithesstilt furflaeriagpButdédeprestnt imitbritiomlet of

there are proyidad, systems for displacing fuel in, or vapor in the vapor

space of, a fuel storage vessel with reactive component-depleted vapor

(e.g., as fuel or fuel vapor from the vapor space thereof is withdrawn

thereframe}.dhlnshtiaros yebervis Gonsprise ol figd ctipor Zonellaldoganiiieton

and outlety;sh the inlet of said reaction zone, and

optionally a filter/condenser, wherein when the filter/condenser is present, the
reaction zone Is in fluid communication with the inlet of the filter/condenser,
and the outlet of the filter/condenser is in fluid communication with the fuel

storage vessel,

wherein said reaction zone operates under conditions suitable to remove or reduce the
concentration of oxygen in the source of air when contacted therewith in the
presence of fuel vapor, and is in fluid communication with the fuel storage

vessel.

{0044] In accordance with a still further aspect of the present invention, there are provided
systems for displacing fuel in, or vapor in the vapor space of, a fuel storage vessel with
reactive component-depleted vapor (e.g., as fuel or fuel vapor from the vapor space thereof is

withdrawn therefrom). Invention systems comprise:

a reaction zone having an inlet and outlet,



9 WO 2007/008730 PCT/US2006/026631 a source of air, wherein the
source of air is in fluid communication with the inlet of the reaction zone,

a source of fuel vapor, wherein the source of fuel vapor is in fluid
cHAAIAEEi¥N with the inlet of said reaction zone, and optiopallyseoos/e26631
filter/condenser, wherein when the filter/condenser is present, the

reaction zone is in fluid communication with the inlet of the

filter/condenser, and the outlet of the filter/condenser is in fluid
conthiohieafibriiithaa fhe postsrariaivestefluideraimerirttionsttrhcontet of
provides cgrdéiensmssitable to remove or reduce the concentration of
oxygen in the source of air when contacted therewith in the presence of
fuel vapor, wherein the reaction zone is in fluid communication with the
fuelStePERfeOd Esddaiaion e tivreine e it yaparioihdluibpuumuhitasion

present invgafion, iHierer s4gl REVigedofdelsiorage systems for use in
aircraft. Invention fuel storage systems comprise: a fuel storage tank

having an outlet for removal of vapor therefrom, and an inlet for return of
vapBPiRertio: BRersondsaten wenehalirythn ilkcendeotaids meserbithsaid

reaction ZeaR R VYRSs GonFiiepmsullahisiowiasglivale: 8RR Ot Sndenser,
reactive comcponentf(%?/ in.the vag)or hase, of said fuel storage tank when

contacted YRS FEAMH RIS AR SRS S Hukl conrRys sarRwiR ffifdue!

communicsiticigewthstie inlet of the reaction zone, and the inlet of said
fuel storage tank is in fluid communication with the outlet of said reaction
zone 00.46ﬁ]%!n accordance with still another aspect of the present

inverto L tEE e BRATRI oL R rRako S SRR EBRERatiesns Bie
one or motemrgasttiercofmpareritstikosoulee yBgEHOWHE contacted therewith in the

presence of fuel vapor, wherein the reaction zone is in fluid communication

with the fuel storage vessel.

[0045] In accordance with yet another aspect of the present invention, there are provided

fuel storage systems for use in aircraft. Invention fuel storage systems comprise:

a fuel storage tank having an outlet for removal of vapor therefrom, and an

inlet for retumn of vapor thereto, and

a reaction zone having an inlet and outlet, wherein said reaction zone provides
conditions suitable to deactivate one or more reactive component(s) in

the vapor phase of said fuel storage tank when contacted therewith,

wherein the outlet of said fuel storage tank is in fluid communication with the
inlet of the reaction zone, and the inlet of said fuel storage tank is in

fluid communication with the outlet of said reaction zone.

[0046] In accordance with still another aspect of the present invention, there are provided

systems for reducing the concentration of one or more reactive components from the vapor

10



WO 2007/008730 PCT/US2006/026631 phase of a fuel storage tank

(e.g., by deactivation of the reactive component(s) therein), wherein said
fuel storage tank comprises an outlet for removal of vapor therefrom and
awointetfosrturn of vapor thereto. Invention systems compriser@gaialyshs:
zone, said catalyst zone comprising an optionally supported metal

catalyst, said catalyst being capable of promoting reaction of one or more
reactive component(s) when contacted therewith under suitable

phaemnﬂéiﬁunlsﬁgm@al mnto(sgidbsysmr@vh‘aimmf tomeauicabarpovitht{biehapoy,
whdBRGET A G . SRR I p e CHIsL g Jf@#&% tgﬁt&ﬁ‘snaqg

~an outlet from said reaction zone in fluid communicatio e vapor

inled Sorast sl y2pge fagtstag SaAkaA TR RWEPHSE fuel storage tank.
Embodiments of the invention can include a temperature modulator
associdbdiwithet seideatalystzooneotpother ancpodirénésppovedtiostal catalyst,

systems cgpyi @&mgi% gﬁg@%ﬁggﬁg}@g@gﬁgﬂ@@éﬁa@l %X@QP&F]&%%M%

accordance with s asp  present invention, there are
provided FAEISRAFRED whstsioriseed disneraticraden svisthle sosyiienss

comprise: a fuel storage tank having an outlet for removal of vapor
the rafiolet, tanaidryindet o fluiétcormoivapidotvatbtheandom spaetidnadad el

having andISLERAPYSWIRLEIR SRITIPARKNFane fpvides conditons

suitable to deactivate one or more reactive component(s) in the vapor
phase 01; sa%i fuel storage tank wr:ﬁ,frﬁifontacted therewjth, wherein the fsaid
outfB A A F A AT AR S A S B RIR A SRR YAROTRACE T s

the reactidnek stosgrrishittadtietoisafdfibled toragpe tank is in fluid
communication with the outlet of said reaction zone. [0048] In accordance

Em¥dlinsiitasathanasipeleh iierie seahiRyation o e AL e MIRMESSh the

ethods for reduci 1e concentration of one or maore reactive .
cata %%Jé]ﬁe g@ﬁgﬁ I%BEF ui?ntlon systems can mclude a trap for removing

water from the vapor.

{0047} In accordance with still another aspect of the present invention, there are provided

fuel storage systems for use in aircraft. Invention systems comprise:

a fuel storage tank having an outlet for removal of vapor therefrom, and an inlet for

return of vapor thereto, and

a reaction zone having an inlet and outlet, wherein said reaction zone provides
conditions suitable to deactivate one or more reactive component(s) in the

vapor phase of said fuel storage tank when contacted therewith,

wherein the outlet of said fuel storage tank is in fluid communication with the inlet of
the reaction zone, and the inlet of said fuel storage tank is in fluid

communication with the outlet of said reaction zone.

[0048] In accordance with still another aspect of the present invention, there are provided

methods for reducing the concentration of one or more reactive component(s) from the vapor

11



WO 2007/008730 PCT/US2006/026631 phase of a fuel storage tank

(e.g., by deactivation of the reactive component(s) therein), wherein said

fuel storage tank is provided with outlet for removal of vapor therefrom

ah® iM@vestfeturn of vapor thereto. Invention methods compgiseRassiiGes1

at least a portion of the vapor phase from the fuel storage tank through a

reaction zone, wherein said reaction zone provides conditions suitable to

deactivate said one or more reactive component(s) when contacted
phagearEanith] sthrepeliynBreducingleavipiopléte headtigeredneac o) cratialion

whOEfaRH G GRSRRANSTLR)IIGIRIA AR HREISAIER IS ané??d{%%&%m and

.. phase having reduced concentration of reactive componeni(s) therein to
inlet $00 vohursed g e iRsiet fo davetipmBrsiodi REWIRy et another aspect of

the present invention, there are provided methods for displacing fuel in, or

vapgisiRstha MapopaRass Shavist §¥ﬁ§§%¥?f}%%@ii$% rz%%%g?ﬁgthmugh a

component-depleted vapor (e.g., as‘fuel or fuel vapor front the vapor
space theFEUFRR GARSdPAT hErererth oSt Avidesfoaditons shieble to

combiningiedttiviste valdaizad fuak RAsSIREIREEsHNG BERBINALISN therewith,
through a %ea%[ion z§ne under co ditiolps ,suitagle t@ roduce, reactive

itaepieted VARo?, BBHoRHy PRRIHRG SRS RARSR fRbiR Eroactive

componen

reactive copnpponeri{sépiatedardgbertafiproduce substantially water-free,
reactive component-depleted vapor, and introducing the resulting

substantially, water-free, r(?lactive cgg{m onent-depleted vapor into said fuel
storage vesssl. (60581 RdtitioRarMHeE 88%0883?5‘1‘;%? (A HEPSiATBPrent(s)
displacingtersitric spnidpeirstomagieganiapor space of, a fuel storage vessel
with reactive component-depleted vapor (e.g., as fuel or fuel vapor from

[00dop Vﬁmfc&mﬁ&th/ﬁfﬁﬁzﬁt i@hﬁbﬂﬁ@;ﬁ& HreneFartne AR, 1 provided
metﬁggsqgrocgs?p?fgcgggla%n,%99&%093%%1}16 vapor space of, a fuel storage vessel with

reactive component-depleted vapor (e.g., as fuel or fuel vapor from the vapor space thereof is

withdrawn therefrom). Invention methods comprise:
combining air with vaporized fuel,

passing the resulting combination through a reaction zone under conditions suitable to

produce reactive component-depleted vapor,

optionally removing any water from the reactive component-depleted vapor to

produce substantially water-free, reactive component-depleted vapor, and

introducing the resulting substantially water-free, reactive component-depleted vapor

into said fuel storage vessel.

[0050] Additional methods contemplated herein for displacing fuel in, or vapors in the
vapor space of, a fuel storage vessel with reactive component-depleted vapor (e.g., as fuel or

fuel vapor from the vapor space thereof is withdrawn therefrom) comprise:

12



contacting a combination of air and vaporized fuel in a reaction zone

under conditions suitable to produce reactive component-depleted air,
optionally removing any water from the reactive component-depleted air to
pvoeleaessil3stantially water-free, reactive component-depleted-aifis1006/026631
introducing the resulting substantially water-free, reactive
component-depleted air into said fuel storage vessel. [0051] Additional
methods contemplated herein for displacing fuel in, or vapors in the vapor
spaseiattiaduebsibrageesselanihseatiddaicomporesidengietda@ponditions
comprise Sir{%ggfjt{gin% &g}e{}gtl%gc%a Qr Iilrlltg %%lgdfuzétgaoariage vessel as fuel or
fuel vapor From?heglapor space thereor e withdrawn 'fherefrom, wherein
said treated vapor. is prepared by passing a combination of air and
vapUHABa IO GF A TRSE A BRE e costhimtd gilitioniaide produce
produce redistiveisdnpaachtcdeptetad aifipanehoptisisatiyremoving any
water from the reactive component-depleted air. [0052] Figure 1 is a

schemalicityaieatianRbansserbadi wae;_ﬁteab%9&%@@5&&3@;&{1@&1@;&% air
It a

Reactive component reduction system 100 is supplied w mixture of air
(containinGhSHER AREPEXYEE) and fuel vapor from fuel vessel 102.
The air/fuel vapor mixture is supplied via line 104 to catalyst bed 106

[0053hi ch islienpta pdadscenivambredduitbidhnt dspadueditbldroxy gepccoitdrt
vap6f PR BN ELSLYARG/ X WG Q&%i@@eysg)ﬂmep@tw RRIG R {BEe

removed from) catalyst bed 106 (as needed) via line 108 to allow for

et HER Ot RAE PR &G ASh e erted da upher Selrptn diopa s vapor
spasaitkitree fiawithernive Sepiied, from catalyst bed 106 via line 110 to fuel
vessel 102. [0053] Figure 2 is a schematic illustration of another

emiedieie i@t ignVEREGR FRActie, FOmRANe RE ARdRaHaN PYSISHA %Qﬁ?%ed

in Figure 1. Pump 112 is provided to facilitate supplying the air and fue
fe e AR RO RS SOBOTES S IR A BT U0 6o YRR RIS
deplehed afiamd arrestors 114 and 116 can be provided upstream and

downstream of catalyst bed 106, respectively, to prevent flames or sparks

fromghshealysthrd 1O Sbr %%qge%g&ﬂ@%ﬁgonenbdepleted air.

[0052] Figure 1 is a schematic illustration of one embodiment of the present invention.
Reactive component reduction system 100 is supplied with a mixture of air (containing
nitrogen and oxygen) and fuel vapor from fuel vessel 102. The air/fuel vapor mixture is
supplied via line 104 to catalyst bed 106 which is maintained at conditions sufficient o
reduce the oxygen content of the air and fuel vapor mixture. Optionally, air may be supplied
to (or removed from) catalyst bed 106 (as needed) via line 108 to allow for equalization of
the pressure in the fuel vessel. The air and fuel vapor mixture can then be supplied from

catalyst bed 106 via line 110 to fuel vessel 102,

[0053] Figure 2 is a schematic illustration of another embodiment of the invention reactive
component reduction system shown in Figure 1. Pumip 112 is provided to facilitate supplying
the air and fuel vapor mixture from fuel vessel 102 to catalyst bed 106. Optional porous plug
flame arrestors 114 and 116 can be provided upstream and downstream of catalyst bed 106,

respectively, to prevent flames or sparks from the catalyst bed from spreading or contacting

13



13 WO 2007/008730 PCT/US2006/026631 fuel vessel 102. Water filter
118 can be provided downstream from catalyst bed 106 and flame
arrestor 116 can be provided to remove water present in the air and fuel

vaporaixtgres of reduced reactive component content before ghe Rbiiti6rss31
is recirculated to fuel vessel 102. [00541 Figure 3 is a schematic
representation of another embodiment of the present invention, wherein
source of air 202 and source of fuel vapor 206 are supplied to line 210 via
fuphaesd 4 B d208, iksptiftivelhayhere dhdyaneteambivec i faibea 1waland
f if i j ed 212. Alternatively,.the air .
e B e e BT o SR
ol b B R SRE PRIt GeRtPab b faie Fpdminguize isubjirstieiad tthirdotioselof02.

a catalyst such that the catalyst reduces the reactive component content
[08fdhe Higledpsrathamativecpiepproition ofhetie diffssenieatalysiseambe
inGERRIQY e 1o the prach tinyention, e.g., a presently . :
1]_Zprefgr?’yred gat{allyst em%%%gg} ?é%gg%gﬁcgaordﬁ%ﬁgpﬁ{e‘t% 3&3’1‘?&1&#}1{8 %1&210 via
linrs g0 andAit P rRIIR ahearlsy Reerambinegrisplomert bohteperiexitsixture
mﬂm /Vﬁb%&dcaﬂi@gfadﬂt' !ﬂﬂ.lﬁslt@lﬂyti@@g?ﬂfi?lé’ixbﬁ?j@?a?ge%w'%g?ﬂﬁqan be

Legndenser 216 to.remoye any water formed during the catalytic =~
Su? 'e?atﬁgeiﬁ,epr?c d egesaﬂee(%glr? ré"f(ﬁ? géébr T e st e s fue wpgridrmpir e is
supjplafdwiherctishofe (00EEL s dishomty thecpertonmanaeios spaialyst

HREles tony BYISLRRRGRREALORA oF) fainand fuel vapor wa
?O assed over ﬁg ets of a standa%ﬁl%@b%;ﬁ%% ‘%% fé%n%ca%ﬁ% i %n\?ﬁemployed
I e PR F SR iPemiried ateRi e ara RIS Y emat e lyshethloyed is a
staodygbmtdontent efinseliienlyasges/ heralum Was AeIeemniBed A0g

oo B A L RUER ol o sl pseahene:
[liprigradansen 2t Gub ecaffivemtidestindsmapidiyiag the danhpes alaeist, and
théfb%rﬁ&ﬁﬁgdtﬂlmymétﬁw&g%%&ﬁ“ Vel %isnmﬁﬂimet o r(g%gt of
approximately 650 ppm was measured. As temperature Is Turther
O T ity B BSLRtETEEcd AP Rer S BT eFRhon. A
migasoistrsaes vk apiityes ppecdting: pullbtacRASkMELO RPN RBLIRAEION
packed in a ¥ inch by 7 inch stainless steel tube at varying temperatures, and the oxygen
content of the effluent gases therefrom was determined. The graph shows the concentration
of oxygen in the catalyst tube effluent as a function of increasing temperature. As shown in
Figure 4, oxygen content in the catalyst tube effluent declines rapidly as the temperature is
increased fo approximately 290°F (143°C), wherein an oxygen content of approximately 650
ppm was measured. As femperature is further increased from 290°F (143°C) to 400°F
(204°C), the oxygen content in the effluent gradually decreases to less than 5 ppm. This
example clearly demonstrates the ability of operating such a reactive component reduction

‘system.

[0056] Figure 5 shows one embodiment of an invention reactive component removal
system which includes a temperature modulator and a catalyst zone. Reactive component

removal system 360 is supplied with vapor from a fael tank (which may include oxygen

14



system. [00561 Figure 5 shows one embodiment of an invention reactive

component removal system which includes a temperature modulator and

a catalyst zone. Reactive component removal system 300 is supplied with

vaporifroensaséuel tank (which may include oxygen 14 WO 2084008 4@R 26631

PCT/US2006/026631 dissolved therein) via inlet 302. Inlet 302 can

include blower 304, which may facilitate the movement of the vapor

through reactive component removal system 300. Inlet 302 may also
disietad ehsmmpleapoltt308. fdnisahmipliag idude milentcn B inleh gas; Andimayhe

' r entering the em,via inlet

BB e Tt B By o
inchderspnwlenericl08 der aase it in wakmeREfeniglat sracdentiexisharmdede
mvmgaﬂufw caRdRnextepal aifedhgas @rs%ndi:@iﬁllima-i ggnédly% &ﬁryﬁ%ﬂm

vapor the reactive component removal system may be used as the
R G T S g S R MR S changer. The
heapstieans fnsdiucataly bt beeB4iCatgdystr bad B1Alpdy. beptonfityirediifca

vaplHRPh %%@y&iv%@o@f&ﬂ&%ﬁl@sﬂ Q5% %%U%%eﬁéat shey'bporied on

fins or cones. [0057] Temperature moéulator 1%, whic mayge a he
megdipa hhe By R MRsoAR lna dalsates 342 st Siomaenlrsrhed Sihoratalyst
bedHRAb LR IRG HEle Wakay Braiayd22:2RdhAMRNBYE MBS MR Ratalyst
SupvaI 550%21% Vapor of reduced reactive component content exits the

g)c/’s em via 88{@?‘?28, which can include oxygen sensor 324 and reverse

flow valve 330. [OO%E;] Reactive component removal system 300 maybe
(0057 o o iatanp felsin Tdbiv ek Malbae beaigpohaoche wery ineditve
meglasitedratenbrermey alal seagiyereamPeRant i BIRtdie Rk AraRiTaHarY,

heat.exchanger 310 ma y in size based on a variety of parameters, .
S R S ARG R G o S A RIGE et it the
systpadirmu{e05H, wloriecen mmjvide of tiyerinventiGz4eadtivecoefipanaiie 330.

removal system, a unit designed to have a flow rate of at least 50 CFM

[0063). filsaine sapyiack-RIsiarakivnt 380 SYSHD RFQY igRs-ar IRV Bi605:8bn the
least 150 CFIVLécu. ft./min,), In.one example of the .

volume of vapor to be treated and the desired rate of removal of reactive component from the

vapor. Similarly, heat exchanger 310 may vary in size based on a variety of parameters,

including the heat exchange medium employed and the temperature gradient.

[0059] In one example of the invention reactive component removal system, a unit
designed to have a flow rate of at least 50 CFM (cu. ft./min.) is provided. Preferably, the
system provides a flow rate of at least 150 CFM (cu. ft./min.). In one example of the
mmvention reactive component removal system, the dimensions of the unit are approximately
12 in. X 12 in. X 40 in. In one such system, the catalyst bed can be a round tube at least 5 in.

diameter and 4.5 in, in length.

[0060] Figure 6 illustrates one embodiment of the invention systems which includes a
temperature modulator. Catalyst containing reaction zone 400 is supplied with reactive
component containing vapor 402 via inlet 404. Reaction zone 400 includes catalyst coated

tubes 406 positioned vertically in the reaction zone. Preferably, tubes 406 are removable to

15



invention reactive component removal system, the dimensions of the unit

are approximately 12 in. X 12 in. X 40 in. In one such system, the catalyst

bed can be a round tube at least 5 in. diameter and 4.5 in. in length.

(606G} Figsres6 illustrates one embodiment of the invention systems Whishs1

includes a temperature modulator. Catalyst containing reaction zone 400

is supplied with reactive component containing vapor 402 via inlet 404.

Reaction zone 400 includes catalyst coated tubes 406 positioned
facNiedticalylje isplieaatan RengioR reies ablycdy hre 406 o prnvablmaol 5

A 2007/008730 PCT/US2006/026631 facilitate catalyst replacement.
o RN SEURB R SO0 o PRt e A
shophdrhibatesehaneehedieracforeinat (o eaplinguoh teir actidiqud mch ss
wateH QM P& S DEALEXGH AT9 6 FREARM AGINES 2 %i’n%%%?ogssftﬁérfms or

or a li&%id’ such as water) can enter the reaction zone via top 410 o
Pasyasps it obHis meetiRang I 68E IREIREE: Pawengha wincst theidaction

conz@menedshiexitRiitendd?zoaron ofxiedusrd reactive component
content exits reaction zone 400 via outlet 414. [0061] Figure 7 illustrates

[00611e SRRAIMERLAL GRINELAURE ok %MQHQQQI fﬁ@fe@é@tlion of reactive

component(s) according to the present invention. Tube 500 includes a

companRLE LG R T BreysBSRETEas U ERPEAR i dodes pirriabihorted cone
S02upstheamdfsach the baseddfheeddods fjoveah Has Feesuw 202 anghitieey of

t IS rall own by the arrows. Such an arrang nt, wherein a
B e W A S A B AR, T et
wheseigeegnetiepesitiyed aidithbo/abor faildwesforaaigreatatcericeniritiom die
catdiMpAalHOVRSI carly aRd AUAWS, RECaRIEabRTL NG AR Ab e duglVaRP nows

" and ajr mixture from which reactive component is being extracted. Vapor
or RORTRG e Je ihavRet P T B ERE Somiviehisasbarrompenent is
beiff@&RActeiuviibillustinl esdaree rebatimenipohantataist B0eibRalbast cone 506.
exchanger for the reduction of reactive component(s) in a fuel vapor.

[oo&talyshivRelheal X GhAnBSHSYSIENR @9&@9@1&9&}}{%’%‘? éyaﬁégg@ ¥ 'eﬂé%h

can be packed with catalﬁt,particles 604 (shown In the Figuré as open
fed%?raaefgefﬁﬂaﬁaﬂmwt ) Gl 1P 8 it Felaeit (M rdacph ¥ e @R Sty 600

candi®ubdetube 602, which can be packed with catalyst particles 604 (shown in the Figure as
open circles). Optionally, inert non-catalytic solid particulates (not shown) may also be
present in the tube. The tube may include screens positioned at entrance 606 and exit 608 of
the catalytic zone for retention of the catalyst and non-catalyst parﬁcles. In the embodiment
shown in the Figure, catalyst density in the tube can be higher downstream than upstream.
Non-catalytic solid particles may be spent catalyst, support materials without catalyst, glass
beads, or the like. The gradient catalyst distribution facilitates even distribution of heat loads
and results in a gradual reduction of reactive component concentration from the feed vapor.
The tube design can incorporate fins or ridges 610 to provide maximum surface area to

function as a heat exchanger.

[0063] Figure 9 collectively illustrates two embodiments of a catalyst tube/heat exchange
system (shown as 700a and 700b in Figures 9A and 9B, respectively) for the removal of

reactive component(s) from a fuel vapor, and optionally air, stream. Flow of the fuel vapor
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present in the tube. The tube may include screens positioned at entrance

606 and exit 608 of the catalytic zone for retention of the catalyst and

non-catalyst particles. In the embodiment shown in the Figure, catalyst

densiydhedube can be higher downstream than upstream pcrusanesozsssi

Non-catalytic solid particles may be spent catalyst, support materials

without catalyst, glass beads, or the like. The gradient catalyst distribution

facilitates even distribution of heat loads and results in a gradual
mixedm@,tﬁ@m@iwa@gtiue SEMBONRAisINCeRisaligpfomHb g dacd &agethe ks at an
B B Tk el OB RSP FE 1§ oy »d
700hustiztss mdgmmmg%ﬁamm@m ﬂbdﬁﬂwamdm@é@y@dermave a

pralBORWR A5 893308k (AR rh'ﬂﬂa‘érﬁ%ﬁ%@%&%é ?é%%‘?ﬂ?@%)ﬁiw &lasced fins

removal of reactive component(s) from a fuel vapor, and optionally air,
TOARBGHRSEIGR/ A TRRORISGHISP ST W e HYeoB 73 pehs U 2008126631
emboiXivieatjsLe dmateslyb)y toa BfEaNsyHaetRiniMBERALISHeRMILD, Re Jeatet tube
nte S the fream t|o d exit downstr
o Bl O B TR D B etk R B o e
Cat@(mé@ffmésmamﬁhlewzﬂ@ cThinthivleshmaybehegHigraed sbavavendhe exterior

of R IRTHa G W%’e%ﬁﬂg‘ﬁ(ﬂﬁ{bélﬁ?@a 005 Wher gl @Ech@iﬁ%g? Qfstem, the

catalyst coated fins 704a increases as the vapor stream Srogresse

erepfshAsintation Aftrat RS TRy drabest contpbinndhda et 0Ab may yay in width o
facitnmbgueichtonhvie:aitip doihe eaiblusboansitye asglawn in tube 700D,
wherein the length of catalyst coated fins 704b is uniform throughout the

[ooleN9thighibeo caiRbrltyRuASshaR dhartubes sandnclide neats s As

exchange fms, as shown on the exterior of tubes 706a and 706b.

shogte AV d{itvapeaiplst BSOS EEPHIEh A RS EmaRIGe P SRR ﬂ?@l@%@

ﬁoﬁaﬁlﬁallm?emﬁlhﬁ'ﬁét&ﬁpﬁe and atalysiteosted fiokdi4R802404H3 MAyivadttion
ximum 0 tactln the fuel vap Wlt

ht f t 1
B0 e e D Ch i G pites in
a d@i@ﬁ‘i‘éﬂ@@é‘i’ @télsvghsnﬂsTvsWamﬁlgdwe 1648 0dacandhestitishie imifroviditie tube

to f&&ﬁfﬁ%‘eﬁ%%%ﬁ@ﬁﬁtﬁp{gcg%gpﬂgg_t(s) from a feed stream of fuel vapor

and air. Tube 800a includes wall 802a and interior section

[0065] As shown in Figure 10B, a catalyst tube with no heat exchanger fins is provided.
The tube includes wall 802b, interior section 804b, wherein the interior section can include
catalyst coated cone 808b. Preferably, the catalyst coated cone 808b has tip 810b and base
812b, and preferably the tip of cone 810b is positioned upstream from the base of catalyst
cone 812b.

[0066] As shown in Figure 10C, a catalyst tube with catalyst coated cone 808¢ and heat
exchange fins 806¢ is provided. The tube includes wall section 802¢ and interior section
804c provided within the wall of the tube. Interior 804¢ includes catalyst coated cone 808c,
wherein the cone preferably has tip 810c¢ and base 812¢, wherein the tip of the cone 810c is
preferably positioned upstream from base 812¢ of catalyst coated cone 808c. Fins 8§06¢

extend from the exterior of the tube wall, and facilitate heat transfer.
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804a. Optionally, interior 804a can include screens (not shown) to retain
catalyst particles in a defined space and volume. Tube 800a includes fins
806a on the outside surface of the tube to facilitate heat transfer with the
cHaIyE s e30[0065] As shown in Figure IOB, a catalyst tube wathiusooheadsss 1
exchanger fins is provided. The tube includes wall 802D, interior section
804b, wherein the interior section can include catalyst coated cone 808b.
Preferably, the catalyst coated cone 808b has tip 810b and base 812b,
[006d piigieedlilyhtrestin efbotier81i0H iheqposiitivedapsteamfroanthaisask

sysRRE AN WL 20, [HOBRL- SRR FI SO s RIS U‘f?_ﬁn% 904

with catalyst coated cone 808e and heat exchange fins 80Ge is provided.

whith@ayiaticeritydacin ssenuel sabe 2 Fieshor sexstidnl G038 savigagpplied
via WilRinideAvathef the fubepndasior SRARINCMEEsIoatAlE SaaRGIE@NEns 914

08c, wherein the cone preferably. has tip 810e and base 812c, wherei .
on G S 6 A ISP AR BB L DA L B i
S08cfopshaly st coatan comed88 8dicFinke80Btum deracisaaidlye exataddicef thehanger
findybg walkand Saciate el Iansieh i inUQ ZRAH08 48R tic zone 918, while

PCT/U52006/026631 [0067] Figure 11 shows an embodiment of the )
fing ﬁ%@%ﬁ?@ﬁ%@é‘%ﬁﬁ@%ﬁﬁ%?%&%.@Gﬁé}%ﬁ@@ﬁé@% e ppliadeus

widid RRCHMeRDHNReT WEMAVE) cyatent 20QaY REBRA0MRICH BaYCt between
tne SRBRAI NGl 3 ontiol Yae 200, Fresh Ot arupled Al 998 AR R,

supplied via'inle may optionally inc eater
Figuhithe erssl yeichadefims 18 onbputied inlerieorgridentaatelystolprehe ar tgicinlly,

maf R0 AT URLNAPELANZ ANAIRFGReAEHAlsRAS COMONG RGN 91§htent

“zone 918 where the mixturé contacts catalyst coated heat exchanger fins
exitg e wysiemy ¥t d¥ths 920 are positioned in the interior of catalytic

zone 918, while fins 922 are located on the exterior of catalytic zone 918.
[006Sta Kisfin §2020veasnbbafersidisenticflas tuvdntian vecpusitionpenwithimoval

systlf. CAIBINAE AR s TatiRie REMIN SARSACL S T\ G 9866 1Ga Tine

component containing vapor and the catalyst coated fins."As shown in the
100d;fel tey CRtigpatly Sidifisairine Eirigte IS nulvishiepn Brciebdyayrplicd air
or i8R 210/ IO PEgIIRMo inlet 1010 of reactive component removal system 1000, The air

passes through preheat zone 1011, which can include heat exchanger 1012 and fins 1014 or
other means of increasing the surface area the air comes in contact with. The preheated air
and fuel vapor enter reaction zone 1030 which can include a catalyst source. As shown in the
Figure, the catalyst containing source may be a wire mesh or honeycomb structure 1032. The
fuel vapor/air mixture of reduced reactive component content exits reactive component

removal system 1000 via outlet 1034,

[0069] Figure 13 illustrates one embodiment of an inerting system which employs
evaporative cooling to facilitate the removal of moisture from a feed stream comprising the
vapor phase from a fuel cell (not shown). Fuel vapor 1102 is supplied to inlet 1104 of
inerting system 1100 where it optionally combines with second gas source 1106 supplied via
line inlet 1108, such as for example, air. The vapor is passed through heater 1110, which can
be a heat exchanger, and is then passed into reaction zone 1112, which can include a catalyst

system and a heating or cooling system as desired. The vapor exiting the reaction zone via
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may have a uniform catalyst density. Fuel vapor/air of reduced reactive
component content exits the system via outlet 924. [0068] Figure 12
shows another embodiment of an invention reactive component removal
systemzassbvapor 1002 is supplied to reactive component rgmeNgboosio26631
system 1000 via line 1004 which may optionally include valve 1006. Air
1008, which may be freshly supplied air or recycled air, is supplied to inlet
1010 of reactive component removal system 1000. The air passes
reathroLigh poetiedtizdnesi@libronichedmiackdcigonadt 6 xehrhgen H0tenartkd on
neBRAGT S Al RIRL WERIRALIDGERSORINE SlfRce AUealnE ALCOMES M e
contact with. e%re eatet air and fuel vapor enter réaction zone G
treafadi FADSA iR el gered aneen sgy Ben serde. oaBeskrshat e hrstomicnfib e thibesatallstay be
renfRRIBIRIR-SAMER MBAY;: HE 18 MItE MBS RANEYSARIR SIIGIUIE THORLaINS: 2

fuel vapor/ajr mixture of reduced reactive component content exits

lov RETHE COMPEREITE RO Spttnemssd fRostthstioiss Yoo it alves
1118 itlustrates wadveithbodinemiohiin neliingssystamishiatp e irdlays used as

p ' ili . | of moisture fr feed .
e o B e Ve B m pptionany

inclpgs sther desiecd ditshiog tosianets) 102 oTushanifey eyatale. 2RO whetefigured for

the QEHONAIBF 6QPRINBSMIBABERO Y HFDIRMKERIAHIA SHUBRIRGMBMHNEINIG he
1108, such as for.example, air. The vapor is passed through heater 1110,
e PR WRSF CHEHGEP Ang 7 HH58h PRSSHEPHIHS rEetiBPosFE from

the ¥a4&, wdiizle thivichotte hleasdlysth g ytenngnhleavatatio goatacoamtgnser section

[ v, h [ 0] ia 18 WO
O e a8 AR RSO AR o o

froghHPebNdenser section 1116, which can be contacted on the exterior
of the piping with a liquid, such as for example, water. Water removed
[00ffeim Higurtr é dtébksrepsrom threbodirdensdasesttan foathbe-colettddtal the

b df tion 1116..
T e G e

inleg d 4Bk pEereea shsten 5200q diderd Afbvaafemtiondl riosteds vapbeatia 18 The
optMRMBSpAh A RR-EAGEGUIRIRM WRIRIAR SvaPPIalVRIFe0HNT SUSREL datyst
tourr?p 1124 anduysedas |
material positioned to facilitate maximum contact between the vapor and the catalyst.
Treated vapor of a reduced reactive component content exits catalytic zone 1208 via outlet
line 12190 and enters rotary inline device 1212. The rotary inline device may be used to
facilitate either water removal, heat removal or both from the exiting vapor stream. Device
1212 rotates either clockwise or counter-clockwise about the axis defined by outlet 1210,

Vapor exits inline device 1212 via line 1214,

[0071] Figure 15 illustrates one method for the control of cooling within an reactive
component removal system. Vapor enters the cooling device 1300 via line 1302. Preferably,
vapor stream 1302 is cooled by expansion cooling, wherein the diameter of the inlet tubing is
smaller than the diameter of the outlet tubing. The greater volume leads lower pressure, and
subsequently a lower temperature. The expansive heating unit can include screen 1306 which

can further facilitate a reduction in pressure upon exiting device 1300.
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needed. Inerting system 1100 can also include moisture filter system 1120
and can optionally include other desired filtering system(s) 1122, such as
for example, a system configured for the removal of oxygen,
hydvasarb@ns, or any other undesired component remaining ipdhgstieaiachsi
vapor stream. The evaporative cooling system can recirculate water
removed from the vapor via line 1126 to holes 1128, thereby allowing the
water to contact condenser section 1116 of the reactive component
{608 hovEhsy sieexethprebyhidhiendasilitatingaemovalnfunatard ffamithe above are
pro$BREY ORAT s b LSHALBS G SHORCCHDERL OL A SHSIBHLIOLING . o
removal of heat and molsture from a vapor stream. Fuel vapor ded
exagtiplg 9P 2 G haneiedonatly miy isdubpfevermlist diffideof teshmeds for

parRyeien heQEmipkiitMay-apiamalid ReludeRIe th e e dANCIiRiment, but

ex,rgfl)tﬁlonal%igrehe t%g stream is ?El%)plled to catalytic zone 1208, which may
A e & N A AP CO B RS HRF AR A RIS Fhefr A Grglass fall

withatweendreavdspirianiithemsalyétiaimeated vapor of a reduced reactive
component content exits catalytic zone 1208 via outlet line 1210 and
enters rotary inline device 1212. The rotary inline device may be used to
facilitate either water removal, heat removal or both from the exiting vapor
stream. Device 1212 rotates either clockwise or counter-clockwise about
the axis defined by outlet 1210. Vapor exits inline device 1212 via line
1214. [0071] Figure 15 illustrates one method for the control of cooling
within an reactive component removal system. Vapor enters the cooling
device 1300 via line 1302. Preferably, vapor stream 1302 is cooled by
expansion cooling, wherein the diameter of the inlet tubing is smaller than
the diameter of the outlet tubing. The greater volume leads lower
pressure, and subsequently a lower temperature. The expansive heating
unit can include screen 1306 which can further facilitate a reduction in
pressure upon exiting device 1300. 19 WO 2007/008730
PCT/US2006{026631 [00721 While the exemplary embodiments
illustrated in the Figures and described above are presently preferred, it
should be understood that these embodiments are offered by way of
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example only. Other embodiments may include, for example, different

techniques for performing the same operations. The invention is not

limited to a particular embodiment, but extends to various modifications,

combinatiens; and permutations that nevertheless fall within Hg/$68R€026631

and spirit of the appended claims. 20 WO 2007/008730

PCT/US2006/026631 That which is claimed is: 1. A system for reducing

the concentration of one or more reactive component(s) from the vapor
Th-c{% fueefjstorage tank, wherein said fuel storage tank is provided

an ou?lle% of femoval of vapor therefrom and an inlet for return of

vapor thereto, said system comprising: a reaction zone, wherein said

readtion zengpeayidesaonaiinnssittanit o JeadivaifnsaAane QInfpeseni(s)
frof§ %%tlvr?)é: 9 s%%%ntgglvgp ) C%Ex%] grépnesrg | h a? |nIet¥t0 Saldrg%ia et ovrvllth an

zone Influld communicaton € vapor space or said fuel 'storage
outjaiferiempien orfticapot therefﬁens@oﬂa@er@hRoracnwmpéuammmgamxrbamm
cork in fluid communication with the vapor space of said fuel storage

tank via the inlet of the fuel storage tank. 2. The system of claim 1 wherein

said system is a closed loop system. 3. The system of claim | further

confgraitign rlatto e dorsatfuitistatiney py eusvideswithditithe systelntedestivate

exposure 12igéhe Bf SMRCEAMATNEAALRRINRNF cSnd REsSHSIEMRS Claim

3, which said inlet/outlet comprises a source of make-up gas to

equilibrate pressure within the system upon exposure to sub-atmospheric

con@itioivs toBaifieasiisterarsficifind Sowhersiaidaidviiletiovdpocspmpridasid fuel

vent to eqawa@t%n&reﬁ%ﬂé%m@m{ﬂ@fﬁalﬁmg@faﬂﬂﬁasure to

super-atmospheric conditions. 6. The system of claim 1 wherein said

reactive component(s) is oxygen. 7. The system of claim 1 wherein said

vapet piilesddartied cowiprhsesdie fluapoymminication with the vapor space of said

fuel storage tank via the inlet of the fuel storage tank.
2, The system of claim 1 wherein said system is a closed loop system.

3. The system of claim 1 further corprising inlet/outlet for equilibrating pressure

within the system upon exposure to sub- or super-atmospheric conditions.

4. The system of claim 3, which said inlet/outlet comprises a source of make-up

gas to equilibrate pressure within the system upon exposure to sub-atmospheric conditions.

5. The system of claim 3 wherein said inlet/outlet comprises a vent to equilibrate

pressure within the system upon exposure to super-atmospheric conditions.
6. The system of claim 1 wherein said reactive component(s) is oxygen.

7. The system of claim 1 wherein said vapor phase further comprises fuel vapor.
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WO 2007/008730 PCT/US2006/026631 8. The system of claim 1 wherein
said reaction zone comprises a vessel containing catalyst, wherein said
catalyst is reactive with said one or more reactive component(s) when
cantaeseditherewith under suitable conditions. 9. The system Qf-glaitnBi26631
wherein the vessel has an inlet end and an outlet end, and the catalyst
content varies from the inlet end to the outlet end. 10. The system of claim

9 wherein the catalyst content increases from the inlet end to the outlet

endg 11. Thgeaysienuetriaim dnvhgrensritcatalyst isApaRianallk
co ng%iﬁforted meta%gca,talyst. 12. The system of claim 11 wherein said metal

RFeta e YerethSEP P SHARRGYS S "EHiN TG ST 8RR A fous
comnpetais( <y ahsiticminetd| thaickesh rardearithbdxidesittnd. mixtures of any two
or more thereof. 13. The system of claim 8 wherein said suitable
conditions_for contacti 9 saign cléatalys with said one,or more reactive q
contponent(s) e AS & & e ik BPR T R TR r ARR R dR A 58T Aa% e g e onds
andaibousiaRE0ONE4t Fhiesiste thohdiami8ovheosif:thadeaction zone is
associated with a temperature modulator. 15. The system of claim 14
Wheégin sgj%tem era U{éa moduylatqr iEa heat exchanger. 16. The system
of cldim 15 YEFEN tHE RBAC SKRHERJEF R HEG PR iRA RS dEam g miet
enddonitaininigtwedsel. 17. The system of claim 15 wherein said heat
exchanger comprises a heat exchange medium. 22 WO 20071008730

PCT/US2006/026631 . 18, The system of claim 15 wherein the heat
ex C,l]%m ge Me &’ﬁtﬁ{‘]é’g‘é USRS said catalyst is an optionally supported metal
catalyst.

12, The system of claim: 11 wherein said metal catalysi is selected from the group
consisting of noble metals, precious metals, transition metal oxides, rare earth oxides, and

mixtures of any two or more thereof.

13, The system of claim 8 wherein said suitable conditions for contacting said
catalyst with said one or more reactive component(s) comprise a temperature in the range of

about 25°C up to about 1200°C,

14, The system of claim 8 wherein the reaction zone is associated with a

temperature modulator,

15, The system of claim 14 wherein said temperature modulator is a heat

exchanger.

16.  The system of claim 15 wherein the heat exchanger is integrated with the

catalyst containing vessel.

7. The system of claim 15 wherein said heat exchanger comprises a heat

exchange medium.
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external air or a liquid. 19. The system of claim 15 wherein said heat
exchanger is a heat pump. 20. The system of claim 14 wherein said
temperature modulator is an evaporative cooler. 21. The system of claim
1wdeseinmsaid reaction zone comprises a source of microwayeeReiay 026631
sufficient to deactivate said one or more reactive component(s) when
contacted therewith. 22. The system of claim 1 wherein said reaction zone
comprises a source of plasma energy sufficient to deactivate said one or

moreé Feactite cpmparfeit{s) Whanrcantadied therengtim@Buhhe systemioin
' fur mprising a flame arrestor positioned on the inlet and/or
ex%‘l%@?%foﬁ%iﬁg storage tank. 24. The system of claim 1 further
comprising an oxygen sensor before and/or after the reaction zone. 25.
The By steriitef gtadm dftisiher ©omgptisi agaHEaR:AMMNEF CohEED Futhe
reaction zone for the removal of water from the vapor. 26. The system of
claim 14 fur'Lger comprising a trap downstream from the reaction zone for
the féov f%"tmf&m%é%ggﬁﬁlﬁ?%lﬁ@ym%%mmmﬂfg%%féﬁ@)@twe
cogemponent-depleted air into a fuel storage vessel as fuel is withdrawn
therefrom, said system comprising: a reaction zone having an inlet and
outlet, a squrce of air, wherein the source of air is in fluid communication
withthe intEEoSTAET 28D/ SHSHH BE TTIE00EM0 SEWBISTR KEERn
miforweduetag iheffiohoenihioivaiantl chnaraseativeve ¥ ppOeMEIrentn
coﬁ@%té@ﬁ%%&ﬂﬂ?e of a fuel storage tank, wherein said fuel storage tank
comprises an outlet for removal of vapor therefrom and an inlet for return
of vapor thereto, said system
22.  The system of claim 1 wherein said reaction zone comprises a source of

plasma energy sufficient to deactivate said one or more reactive component(s) when

contacted therewith.

23, The system of claim 1 further comprising a flame arrestor positioned on the

inlet and/or outlet of the fuel storage tank.

24.  The system of claim 1 further comprising an oxygen sensor before and/or after

the reaction zone.

25.  The system of claim 1 further comprising a trap downstream from the reaction

zone for the removal of water from the vapor.

26.  The system of claim 14 further comprising a trap downstream from the

reaction zone for the removal of water from the vapor,

27. A system for introducing reactive component-depleted air into a fuel storage
vessel as fuel is withdrawn therefrom, said system comprising:
a reaction zone having an inlet and outlet,

a source of air, wherein the source of air is in fiuid communication with the inlet of
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comprising, a catalyst zone, said catalyst zone comprising an optionally
supported metal catalyst, said catalyst being reactive with one or more
reactive component(s) when contacted therewith under suitable
conaiionsysassinlet to said system in fluid communication withethea@nlorcss1
space of said fuel storage tank via the outlet of the fuel storage tank, and

an outlet from said reaction zone in fluid communication with the vapor
space of said fuel storage tank via the inlet of the fuel storage tank. 30.

The $stemfofssiamiagditing borpisingioteniperattmomoeeiatito Eomponents

ressaciaipe: Ml W1e, aplsh200R LG AL SR 22 (BIREL o
mprising a trap for removing water from the vapor. 32. A tfue sntlcl):’rage
SRR

system Frerharelon apdaninld i sing: of feerstbramie saitkeystem
comvimman outlet for removal of vapor therefrom, and an inlet for return of
vapor thereto, and a reaction zone having an inlet and outlet, wherein said

reactiQtaReepRO)M RS A 6NE | of IV, e or mor
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fuel storage tank is in fluid communication with the outlet of said reaction
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source of fu{%l va%:;or whe‘%ein the source of fuel vapor IS in
communicataAEWHHE ShirbesafdheSitisivrerdknandptionally a

filter/condenser, wherein when the filter/condenser is present, the
an outlet from said reaction zone in fluid communication with the vapor space of said

fuel storage tank via the inlet of the fuel storage tank.

30.  The system of claim 29 further comprising a temperature modulator associated
with the catalyst zone.

31.  The system of claim 29 further comprising a trap for removing water from the
Vapor.

32. A fuel storage system for use in aircraft, said system comprising:

a fuel storage tank having an outlet for removal of vapor therefrom, and an inlet for

return of vapor thereto, and

a reaction zone having an inlet and outlet, wherein said reaction zone provides
conditions suitable to deactivate one or more reactive component(s) in the

vapor phase of said fuel storage tank when contacted therewith,

wherein the outlet of said fuel storage tank is in fluid communication with the inlet of
the reaction zone, and the inlet of said fuel storage tank is in fluid

communication with the outlet of said reaction zone.



reaction zone is in fluid communication with the inlet of the
filter/condenser, and the outlet of the filter/condenser is in fluid
communication with the fuel storage vessel, wherein said reaction zone
operatesasmder conditions suitable to remove or reduce the qQRgegisadioRss1
of reactive component in the source of air when contacted therewith in
the presence of fuel vapor, and is in fluid communication with the fuel
storage vessel. 28. A system for displacing fuel in, or vapor in the vapor
thespadéoofzanfuel storage vessel with reactive component-depleted air, said
syst | e vi inlet and_outlet, a source, of
R A e et
wifl ity ol i drewtintezenaudidapor, wherein the source of fuel vapor is
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zone furthdrEstAEs&8ssessel containing catalyst, wherein said catalyst
is capable of promoting deactivation of said one or more reactive
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The system of claim %% omphs?n % O%em%gr‘éatﬁ%s%odug? éé& storage
vessel with reactive component-depleted air, said system comprising;

a reaction zone having an inlet and outlet,

a source of air, wherein the source of air is in fluid communication with, the inlet of

the reaction zone,

a source of fuel vapor, wherein the source of fuel vapor is in fluid communication

with the inlet of said reaction zone, and

optionally a filter/condenser, wherein when the filter/condenser is present, the
reaction zone is in fluid communication with the inlet of the filter/condenser,
and the outlet of the filter/condenser is in fluid communication with the fuel

storage vessel,

wherein said reaction zone provides conditions suitable to remove or reduce the
concentration of reactive component(s) in the source of air when contacted
therewith in the presence of fuel vapor, wherein the reaction zone is in fluid

communication with the fuel storage vessel.

24



35. The system of claim 34 wherein the temperature modulator is

associated with the catalyst containing vessel. 36. A method for reducing
the concentration of one or more reactive component(s) from the vapor
phaseiof/@fuel storage tank, wherein said fuel storage tank GQRRHSRS&Mc31
outlet for removal of vapor therefrom and inlet for return of vapor thereto,
said method comprising: passing at least a portion of the vapor phase

from the fuel storage tank through a reaction zone, wherein said reaction
zoneprovities senrditihdstitablédentead ivaitcsaidR e ke rRact vessel
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reactive component(s) therein to said fuel storage tank. 37. The method

of clgim 36, herein said, rea % éone comprises, a catalyst contajning
vessel. 38. %gyrsngfh%dgl 0 nél%?m FUrther c%lrﬁﬁ r“lchln ercao&r{]rt%%%?r%théégfd
vapor phase from the fuel storage tank with a temperature modulator

upstieam ahtheyseactotidoitel Serfimeshadiordispliacing biak isfiated with
the AR th§ vapor space of, a fuel storage vessel with reqctlve

ecor?i cs)nceor?t%lgp te gallr as fuel is withdrawn therefrom, said method

comprising: 26 WO 2007/008730 PCT/US2006{026631 combining air

with3éaporiz eckfed, fhasstagnh e eshlidngtombinaiiasn theaughcavweaction

r ditions suitable t roduce reactive comps t-depleted
co S B A e et
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mefdd comprising:

passing at least a portion of the vapor phase from the fuel storage tank through a
reaction zone, wherein said reaction zone provides conditions suitable to
deactivate said one or more reactive component(s) when contacted therewith,
thereby producing a vapor phase having reduced concentration of reactive

component(s) therein, and thereafter

returning the vapor phase having reduced concentration of reactive component(s)

therein to said fuel storage tank.

37.  The method of claim 36 wherein said reaction zone comprises a catalyst

containing vessel.

38.  The method of claim 36 further comprising contacting said vapor phase from

the fuel storage tank with a temperature modulator upstream of the reaction zone.

39. A method for displacing fuel in, or vapor in the vapor space of, a fuel storage
vessel with reactive component-depleted air as fuel is withdrawn therefrom, said method

comprising:
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introducing the resulting substantially water-free, reactive
component-depleted air into said fuel storage vessel as fuel is withdrawn
therefrom. 27
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combining air with vaporized fuel,

passing the resulting combination through a reaction zone under conditions suitable to

produce reactive componeni-depleted air,

optionally removing any water from the reactive component-depleted air to produce

substantially water-free, reactive component-depleted air, and

introducing the resulting substantially water-free, reactive component-depleted air

into satd fuel storage vessel as fuel is withdrawn therefrom.
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