HYDROGEN GENERATI ON SYSTEMS AND METHODS UTI LI ZI NG SODI UM SI LI Cl DE AND

SCDI UM SI LI CA GEL MATERI ALS CROSS REFERENCE TO RELATED APPLI CATI ON [ 0001]
Thi s applwoabioon4sabai ns benefit of priority of U S. Provcsiusealb/oResent
Application Serial Nunber 61/164,888 filed on March 30, 2009, and U. S

Provi si onal Patent Application Serial Nunber 61/185,579 filed on June 6,
2009, the entire disclosures of which are incorporated herein by reference.
FEDERALLY- SPONSORED RESEARCH AND DEVELOPMENT [0002] This invention was nmade
wi t h governnent support under contract nunber DEFG36- 08G088108 awar ded by

the U gypROTE WERE”PKQN % E?;éﬁ a@; FEIZENG SOPTMVI N
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mat eri al and an aqueous soI ution, and nore particul arly, to systens and

met hods for gener aUH(QS@R@LVFQQG@N@ 10 REHAWEI?WP@LQ@AWUm silica gel, or
mul ti-conponent m xtures when reacted with water or water sol utions.
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a ver&él ow environnental inpact devi ce for generating power. [0005] Fuel
cells Eﬂ%bﬁt’éﬁ @ieRd¥- numer ous ot her technol ogi es for produci ng power, such as
the gasoline turbine, the internal conbustion engine, and the battery. A
fuel cell provides a direct current (DC) voltage that can be used for

nunmer ous app! i EBDERSLL¥SRONSORED RESEWRY HAND DEMEL@PMENT! i ght i ng,
back- u&ypower consuner el ectronics, personal nobility devices, such as

el ect AP cyci eBhis yepien Wé%mF‘éf‘nHé‘E56?"?’(@%&%%?@%“%%“%%@?@ erfplér e are
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generate power. Fuel d according to their
oper atcentgntrighien dtisimyeatneh.t he type of el ectrolyte systemthat they utilize.

One common fuel cell is the polynmer exchange nenbrane fuel cell (PEMFC),
whi ch
TECHNOLOGICAL FIELD
[0003] This technology generally relates to systems and methods of generating hydrogen

using a reactant fuel material and an aqueous solution, and more particularly, to systems and
methods for generating hydrogen using sodium silicide, sodium silica gel, or multi-component

mixtures when reacted with water or water solutions.

BACKGROUND
[0004] Fuel cells are electrochemical energy conversion devices that convert an external
source fuel into electrical current. Many common fuel cells use hydrogen as the fuel and oxygen
(typically from air) as an oxidant. The by-product for such a fuel cell is water, making the fuel
cell a very low environmental impact device for generating power.
[0005] Fuel cells compete with numerous other technologies for producing power, such
as the gasoline turbine, the internal combustion engine, and the battery. A fuel cell provides a
direct current (DC) voltage that can be used for numerous applications including: stationary
power generation, lighting, back-up power, consumer electronics, personal mobility devices,
such as electric bicycles, as well as landscaping equipment, and others. There are a wide variety

of fuel cells available, each using a different chemistry to generate power. Fuel cells are usually
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uses hydrogen as the fuel wth oxygen (usually air) as its oxidant. It has
a high power density and a | ow operating tenperature of usually bel ow 80
0C. Thesewbuelo/aedsbs are reliable with nodest packagi ngpramassyisiesrs?

i npl enentation requirenents. [0006] The chal | enge of hydrogen storage and
generation has limted the w de-scal e adoption of PEM fuel cells. Al though
nol ecul ar hydrogen has a very high energy density on a mass basis, as a gas
at anbient conditions it has very |ow energy density by volune. The

t echnictpseiSied apdonding td e bpyradeg teyrheager aho theakpadl deagpdyte Saltér kit &es

wi despread, i ncl udi ngvegu&glh pressure and cryogenics t hey have nost
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store in materia sorption, sorption, a m ca action.
[ 0007]and n la ©pempting entpeditog ef usitatly bgkow 80 °F.u®hésadue cElledre cdiable Withir ogen gas
is absorcfed agjérectl at hi.%gggressure into the bulk of a specific

cryst AIEHPAEANG YId sysigRnmplemeriaton regupmedts. Mobst often, netal hydri des,

l'ike Wodbe) NaAl Hrhe @afledd@Nif nfldrogdh Stob$8dnd Qebdd Hab Bintited tRIG HedRSle
reversi bly. However, netal hydride systens suffer from poor specific energy
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t enpenéhiiaedéapoy¥h@rproeaeydogéy @ aablcappliiisesashatespealgingiudhe t h
hydrogjggn). Because of these properties, netal h%dri des tend to be heavy and
r equi MeghcRyBsLTecdey agpaicerhst theyhape aloyt ffearfgeusas an sherpicaldeaingendsHbay  For
exarrplr Fab I%ICQS&%CE'@%C%” as %n—%yﬂag@?nglre afe n;?rgésetna?]tﬂgg b2 atcgf(:ﬁé&) re an.d Fhen
control'lably rel ease®pressurized hydrogen gas froma cartridge containing a
met al netlanicas osedso s@roh Yo gdnyid hogainhadeorpabendsabptibniand chdhigalsigsdtem al so
noni toQ(?q t he | evel of renmaining hydro%?n capabl e of being delivered to the

fuel ¢847]by meaSbPoIglvHBY reepetAneR B Ading R fhre e bElena 3¢ i4ave0Ret al
hydri deefiieh Hiég?@'eésu?é’ﬁ%c?{he RYIEASIELRY of auﬁ%rfdﬁ&iial%{kﬁ% a‘i’ﬁet:}lhﬁdﬁﬂ@l cel |

to estimate th nount of hydrogen consurfed. 08] 1n adsorption hydrogen
st or agMdodt oftefi,uadtaliydadésidke d&dH,, Nalldc ahdbaNisHe . oge nsadso amsotie dydagen gis t he

chem cal fuel ei ther physi sorption_or_.chem sorption. em cal hydri des,
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bor ohydaioden étoldBEHd met® HidiacMasirateo) Gha Bbor B PEYHPR Ao NHFdERis(iDNaBHE) , and

the |ike, are used to store hydrogengas non-reversibly. Chem cal hydrides
pr odudwdiogeg@owrpharacsristicstyeldbparbyghe engssherinis propeities ehmetal hydrides (the

internal temperature drops when removing hydrogen and rises when recharging with hydrogen).
Because of these properties, metal hydrides tend to be heavy and require complicated systems to
rapidly charge and/or discharge them. For example, see U.S. Patent 7,271,567 for a system
designed to store and then controllably release pressurized hydrogen gas from a cartridge
containing a metal hydride or some other hydrogen-based chemical fuel. This system also
monitors the level of remaining hydrogen capable of being delivered to the fuel cell by
measuring the temperature and/or the pressure of the metal hydride fuel itself and/or by
measuring the current output of the fuel cell to estimate the amount of hydrogen consumed.
[0008] In adsorption hydrogen storage for fueling a fuel cell, molecular hydrogen is
associated with the chemical fuel by either physisorption or chemisorption. Chemical hydrides,
like lithium hydride (LiH), lithium aluminum hydride (LiAlH4), lithium borohydride (LiBH4),
sodium hydride (NaH), sodium borohydride (NaBH4), and the like, are used to store hydrogen



wi th water as shown bel ow. NaBH4 + 2H20 - NaBO2 + 4H2 To reliably control
the reaction of chem cal hydrides with water to rel ease hydrogen gas froma
fuel storwgeotemisie, a catal yst nmust be enpl oyed al ong wctrhusteigleo2sont r ol

of the water's pH Al so, the chem cal hydride is often enbodied in a slurry
of inert stabilizing liquid to protect the hydride fromearly rel ease of
its hydrogen gas. The chem cal hydride systens shown in U S. Patents

7,648, 786; 7,393,369; 7,083,657; 7,052,671; 6,939,529; 6, 746,496; and

6, 821,24980n-explsibly. @hepabliydvides plodticeotfg@rnsouptswialyditogen @ls dpoa its reaction
characteristics nentioned above. [0009] In chem cal reaction nethods for

pr odud HyVASHRoYenslovs fuel cel |, often hydrogen storage and hydrogen

rel ease are catalyzed by ay est rghgngeN.Bd.eMmgfature or pressure of the
chem cal fuel. One exanple %?gdt hi § cheni cg szysten% which is catal yzed by

tenperature, is hydrogen generation from amoni a- borane by the foll ow ng
r eact iTonelidit3 Bbidrol tiH2 Bt nof ldRemichHBHrided R ith heutdrits sdledsehgdiogen galfeasas 6. 1
wt . % hydr ogen and occurs at aBproxi mat e ile the second reaction

( ly 120 0C, wh
r el eaddd siRact iy ics. SCafply sy Po GBRICAAY 21588 B¢ taht sYPFBRS sl s18d: oC.
These GhemEdlenli&hlieM TRHRPITbIRNH 0 USE Y‘@hﬁt s@a%il?zqn% Héﬂﬁih% ﬁfotég@&%r oduce
hydr ogen gas, do not require a tight contr%l of the system pH, and often do
not r égdiideframsagardtescofitahydbgemgasr iThk chédoiveMerdride heseng stewrcialU.Seact i on

occur rairgs oh EE e iRl Ey FAE A Uspdy 1 G o e S T 1
for acgypitaMdaindNad of@en b RaARY | of hobidrd i ZeicOHEheaRA 8sner ation from
anmoni a- borane and to protect fromthermal runaway. See, for exanple, U S

Pat entl@009]316, 7818 chnuniica] Bagti@oRethpdy for peaviucial hydeogen én arfeelvslisoftdnat  enpl oy

a catalyst and a solvent to change the thernmal hydrogen rel ease conditions.
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gener ghdsoire DY fefRemid] FR1.hOHe bxtipl¥eiheOEREiEMBYsterf wigich is @laljAea bybove
probl ens or disadvantages in the prior art.SUMVARY [0011] The hydrogen
gener d2NpHatEes isdhidgessa Repaatigefron aarneenpibrene by shestoHswing ieagtiop: conpl et e
reaction of reactant fuel material, such as a stabilized al kali netal

mat eri al, including sodium suicide and/or sodiumsilica gel, which do not
contain any stored hydmiag@8sHgas Ni,BH, + H, > NHBH + H,

The first reaction releases 6.1 wt.% hydrogen and occurs at approximately 120 °C, while the
second reaction releases another 6.5 wt.% hydrogen and occurs at approximately 160 °C. These
chemical reaction methods do not use water as an initiator to produce hydrogen gas, do not
require a tight control of the system pH, and often do not require a separate catalyst material.
However, these chemical reaction methods are plagued with system control issues often due to
the common occurrence of thermal runaway. See, for example, U.S. Patent 7,682,411, for a
system designed to thermally initialize hydrogen generation from ammonia-borane and to protect
from thermal runaway. See, for example, U.S. Patents 7,316,788 and 7,578,992, for chemical
reaction methods that employ a catalyst and a solvent to change the thermal hydrogen release
conditions.

[0010] In view of the above, there is a need for an improved hydrogen generation system

and method that overcomes many, or all, of the above problems or disadvantages in the prior art.



nmol ecul ar hydrogen atonms. Additional reactants can include sodi um

borohydri de (NaBH4), and/or amoni a borane, and the |ike. Also, the system
reacti on wopboyiumyot hese reactants does not require an adaiuscanabozsat al yst
chanber, and is easily start- stop controlled by the sinple addition of an
appropriate aqueous nmediumto satisfy the hydrogen demand of a fuel cell or
hydr ogen-drawi ng system In addition, the exanples bel ow neet all of the
above requirenments while mnimzing overall system volunme and wei ght.

[0012] One exanple in the present SIMMARY e is a reactor including a

react anﬁt} fuel material, which generates hydrogen when the reactant fuel

mat er il8911]s expdedydiagen seniiduysEm dresdisd bef pecqppdphasgypubganiadiyandal one
hydr o ratlo i al : SOl Ut i
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sol ut isodiuhssilicite adiiaesdbyn-siiceg¢lewhah deupptontaifihey kipdrddgeoggerzes at i on nmay

al so be controlled, nonitored, or processed by an external. contrqgl system
The coRIFNaIdySiogah i eiidbiginalisaCiapa car e solparheso Bt dR i Sen

gener ahliRP ad%heBISRIalPHPIRY] ABNURrQasH kY dhRURInd el ©&lthifts @besl OF
any general, laboratory, industrial, of consuner use.” Li kewi se, the control

syst emotireduire aic additiorsah cigel ystrblhmiyen fedlisi easitheiug-sop dontrpldad bywhe kintple conpl et e

per sondish oL B p el mRtbarlsatk & N auR B0 FRLBILG

equi pmgatogtMatawiBel by stén AlPQAERTonS eHerek@mplcd B3R}y LB& aleflligdatole gRpatAbhRg
hydr ogen gas includes inserting a reactant fuel material into a reactor and
conbi Ny rnipgieaysralslysemorplyie And weighkact ant fuel material in the

react gen t I T tant fuel teri al can
R e B R L e N g R
sodi unmaeriat) wisich guetesite{ Nalbbgden alitth the cHautimsiukl @ategall is eXpos&BHo anldygesdsabi | | zed
al kali metal _materials can al so be conmbined with other reactive materials,
i ncl udPivgonpdihe Faetor May Ped tdalapsBIIaS BoFCARB QN CAMPRRENHMKE AN CRBpl yst s,
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materials and material m xtures that produce hydrogen en exposed to heat

or aquelmtisn sointrodwrd by Thextwina suwpply fThedtydrogah gersmnationheayaasebaisomsiollad.i ons
can al so.i ncl ude addi lia)‘\f/es to contr OL t he pH% of t hf waste products, to
changd"4He <0 PUBICFTY a FefEEl EPORGEETS, T et vake ¢ CATBUT" of
hydr OQJ?BraEU AAUedidaone h?dﬂo?@ﬂ %&ﬁ@atf‘oh%yé’t@fh%séﬁ toq}fgﬁﬁg /B ?&fjﬂ_éq{y'd%en and to
control the tenperature of the reaction. The aqueous” solution can include

cells or for any general, laboratory, industrial, or consumer use. Likewise, the control system

and reactor can be implemented in whole or in part within a complete fuel cell system supplying

an end product such as a laptop computer, personal or commercial electronics products, and

other devices and equipment that require a power source.

[0013] One method of generating hydrogen gas includes inserting a reactant fuel material

into a reactor and combining an aqueous solution with the reactant fuel material in the reactor to

generate hydrogen gas.

[0014] The reactant fuel material can include stabilized alkali metal materials such as

silicides, including sodium silicide powder (NaSi), and sodium-silica gel (Na-SG). The

stabilized alkali metal materials can also be combined with other reactive materials, including,

but not limited to, ammonia-borane with, or without, catalysts, sodium borohydride mixed with,

or without, catalysts, and an array of materials and material mixtures that produce hydrogen

when exposed to heat or aqueous solutions. The mixture of materials and the aqueous solutions

can also include additives to control the pH of the waste products, to change the solubility of the
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wat er, acids, bases, alcohols, and m xtures of these solutions. Exanples of
t he aqueous sol utions can include nethanol, ethanol, hydrochloric acid,
acetic acwd,20sodissn hydr oxi de, and the |ike. The aqueougcsaisedioonrstan al so
i nclude additives, such as a coreactant that increases the ampunt of H2
produced, a flocculant, a corrosion inhibitor, or a thernophysical additive
t hat changes t hernophysi cal properties of the aqueous sol ution. Exanple
floccul ants include cal cium hydroxide, sodiumsilicate, and others, while
COr r oSyt prodidd, toinsreasdthe amboudcof plydsbapasiuct)ar, & Bsreasntle oithof Bydrbgunt her ,

t he therpophysi cal additive can change the tenperature range of reaction,

t he prpé%d;asﬁgn,raaﬁgécw@ He treaepfushot Bageacien. Theaduegs obHiongaB ingdkflet j ve t o

h _ . . . . _
the a%h‘%é}%c[%sg %gﬁekhrlco‘h%ﬁ, hﬂl?ﬁlﬂgﬁre%ﬁﬁl%ees%l&%gﬁolég{d@%é’ ?ptfhe qﬂ‘FJ"%E §8hitions

addi tives. e reactor can be a stan , replaceabl e conponent,
whi ch cematelwels neetbomwl, rethansly dydnocidoria afidedcede hdid sspdivemhydroxitle | andehanike. i pl e
react hs. The react or ma}{ al slo be, terned g cartridge, cylinder, can,
vessel |NeARS sAUaLan alsenglade i vssueh avh sorrrctint shatiingrasaete pRunt

react i, fpusducBRtagidcahlafNd c8irb & inhiBoR WY %Qh@n%@h%"stiéa@ AddiNsd fac dggseact or
or an inlet port, or a plurality of inlet ports, Tromwhich the aqueous

sol ut itheymioghysiat peppertits phthe agheous galotion.. EXdmple dlvctwdants mgluge salchiave an

Ce. 0. BB R AUEEEO iy P Bk R P aGlPRe T M ERAEPRETRES) once i1

| eavepoldie, hbsthers, FafhdH thefthdropRysiGl S&RVd &6h dhen@the dn@en@hresysdeasn | i ke
a fuel cell. [0016] The aqueous solution may be initially stored or added

by t hdeagsen. thxpressiias rapee et therencrian anddhe bke: Jairthee the additiverp thi auepiss aqueous
sol ut 'Bfhibh B} inBflt H@Qtu%%f%%ﬁf;&g)fdﬂi’?&%xﬁ%ﬁﬁ%«s solution can be added to
el m udi ng st abi

the reactant Tu erial, inc ized alkali netals, in the
react §00nS]a t heThent®torpan bé a)standaloge, aedavEpble SUGIPoRSt.aw Hieln eiddblg3uingantral
battery powered punp, an externally powered punp, a spring controlled punp,

d
and t H¥stPies a fygl el qrivando %W%lﬁp@arﬁé%@ss?g? EACRF 9 e FEior and
separ ahRfadd eMbIdAE heactan! résglleﬂe VIBLE ahdlor BYC18uRL ST YeadigUincINBADRANE, O

ot her separation device. [001 The reactor may have the hydrogen out put
and t heactmoptiéeli suagwialiandogithenhetaqasoup aointiof imsie thormetot dioam intet pox, @evi ce or

oo ey T R B RS R o one
devi CeeRforcan hfs®havy/Si Sitput Poet fOERFdr8EenBY, WRKE n hdergBeaR8RN otdcRdhg W t h
internal controls conbinin
(e.g., vapor condensation, purification, regulation, and the like) once it leaves the reactor and
prior to being supplied to an external system, like a fuel cell.
[0016] The aqueous solution may be initially stored or added by the user externally or
returned from a fuel cell system into the aqueous solution input port on the reactor. The aqueous
solution can be added to the reactant fuel material, including stabilized alkali metals, in the
reactor via the inlet port(s) using a pump, such as a manual pump, a battery powered pump, an
externally powered pump, a spring controlled pump, and the like. The aqueous solution can be
stored within the reactor and separated from the reactant fuel material by a piston, bag,
membrane, or other separation device.
[0017] The reactor may have the hydrogen output and the aqueous solution input as part of
one connection to one device or control system. The reactor may have the hydrogen output
connected to one device or control system and the water input connected to a different device or

control system. The reactor may have only a hydrogen output with internal controls combining

the reactant fuel material with the aqueous solution.
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the reactant fuel material with the agueous solution.[0018] The nethod of
generating hydrogen gas can also include filtering the generated hydrogen
gas, absowbing/tays4pr oducts in the hydrogen gas, and/or ecmaseeiong8at er
fromthe generated hydrogen gas. This filtration can occur inside the
reactor, inside the control system or in both. For exanple, a hydrogen
separation nenbrane can be used in either the reactor or in the control
system (or in both) to filter the hydrogen, while a condenser unit can be
used {0018)ndenskhetthahvdibegentradng hidrogangisaasdisbyalogetitgimng. thd-pdneettad and
condensers can act upon the generated hydrogen gas as it exits the hydrogen
out | etlYPioEEN &1S- P‘PﬁQﬂPlé&éY dFoduptsdn the hydreden gati o gen coresnsipg Pafer {ve Bisndensed

wat er ﬁgﬁé}atlaﬁ h¥, ﬁ%gﬁ g&g bAGKi Qb Ead &RGE AkidR"thd Ra of/\@ﬁs?c{e tﬁ& Q6 s?sQéHl aérner

I n gerferating ogen gas, a waste product can be’created, such as sodi um
si | i cat bothr Fot h;elmple,aadtydmgemspaeatmmdcmb&ne FQ0HOsed mn eitteer elmmniter oran ¢tent r ol
system can i ncl ude. nitorin vi ce ta, nmonitor par.aneters of th

Yot ane ey e P Eitholto Filkt (R sy, Wl & a0t s bR P S fidews
react Qke wilRLHBRNhE géﬂe@zqecﬂﬁydrggencga@ MRS Hd QNBerRbrsBdh Ta&tRip%nlﬁ«?er TSRS in or
on the reactor or In an external control system These paraneters can

i ncl udggdrogen garas 1h@¢1t8|th¢rlly@dgetnonutltépmte®hhg reactos] dbe flitclad hydiegert gasvandior of
the r ct or tents ress Ct or ctio anount

o un PeiRpet iR Sae B ERPUREpheh G BRASL S oo Rt ERERE Doane of
aqueoysn&aling hylloddn daber WEAEbRHuctafl ba cAskdNIHTh ANBstIEmflicagugdser sol uti on
to be added to the reactor. The nonitored system characteristic can then be

di spl &5AcHON BastgPERAUCH- a cal cul ation to nodify the control strategy,
Commml g e thgy oﬁ@&E %{1p1§taz%o‘ﬂ?r09£ys?e}é§£a%r§h E:@é Ao t&t? Eélﬁ‘i‘éetg (%H%%? or

conmu e the characteris a derivative c erlstlc user. An
exanplparadietas ub e reivh bf tatréamnd sl atdrial andvths uq]heods sqlhayn thettie eactosuch as
an LCD_display, for exanple. [0020] The reaction can be controlled in
associ REITNIRIAS Fﬁéeﬁ%ﬁm?@FFﬁ@eeé§W@§’%E?ﬁﬁwﬁﬁﬂéé%PP§W”€6ﬁ?F%PH&QV|ce

Exanplgeofi cérﬁf’cﬁ ts%rs%}nc %Eie?darﬂﬁé{&& s Ifilay %t aRtHot ke Qb, kPt O,

devices to alter tenperature, electrical conductivity range, pressure,

wei ghteleofricabamiductvityad thetchctas cottdras, pegsvure omthentaitorwaght efSrewdtion] amonitc h
the conbi nati on of t ereact fu erial and the. aqueous, solution in
N T P S P e gt R s e A A A
add aggictdronal a meAetdAmbuelof ﬁ&ﬁ&'ﬁb W18tidPtotHRendueR et BE readfdd THLhohRHRH
aqueous solution to the reactor, renove a waste product fromthe reactor,

cool tshgemeghataoieristivecn themebe((b@pj@md; oiisgd an a calculation to modify the control

strategy, communicate the reactor status or system status with other devices, or communicate the
characteristic or a derivative characteristic to a user. An example of a user communication
device is a visual display device, such as an LCD display, for example.

[0020] The reaction can be controlled in association with the monitoring device using a
reaction control device. Examples of reaction control devices include, but are not limited to,
devices to alter temperature, electrical conductivity range, pressure, weight of reaction, as well as
other environmental measures within which the combination of the reactant fuel material and the
aqueous solution in the reactor proceed. For example, reaction control devices can be used to
add additional reactant fuel materials to the reactor, add additional aqueous solution to the
reactor, remove a waste product from the reactor, cool the reactor, heat the reactor, mix a
combination of the reactant fuel materials and the aqueous solution, bleed the reactor to decrease

the pressure, and to perform other control measures.



conbi nati on of the reactant fuel materials and the aqueous sol ution, bleed
the reactor to decrease the pressure, and to perform other control

measur es.WOQaij11kdtasuri ng reacti on paraneters and usi ngPCEAS210/02926Nt r O
devices allows the nethod of generating hydrogen gas to be controlled in
the reactor when any of the environnental neasures within the reactor is
outside a respective range or by a control strategy that nonitors and
processes the rate of change of any of the paraneters. [0022] The reactor
can i r[O(lmqe a mMedserin@feadiid giramttefsi dntl @k gtrencsiopas@ted detieey #heisaid S and its
reaction roducts fromthe hydro For exanpl e, the nethods of
gener a%fi%iy | AR AHYY hyyegeryss @ ﬁﬁ cp Fﬂ”&gé‘l Bstreacs yietany §T HiecEnyIrPRBeR Ay

St epS.;mdaQuR0GiRHARP h&cﬁ?réls RASL a Pééﬁe&lfve }eﬂ%e oﬁﬁg? E%Bﬁtr&%la&engtﬁ& hithforst Ne
aqueous sol ution, rogen gas, e’reaction te products are
separ anhé grdcesas tHaeatntolﬁehmgeAfamy oﬁtlhephnytdle(ngen gas can be purified using a
hydr o epar at,i on nmenbr an a ch desiccant filter

Coar S QAT B Finedracty cap piTiderh fiier ghifttsrens Plibesdn GERyAF Blcesiotbinly . as
they a&Ribs8¢LprédiResitd %&;ﬂ%};&%ﬁ' EGN&ImPeL theanfREds dTyeRdrafik}eciagreous
solution as the aqueous solutionis inputted into the reactor.” [0023] The

r eact dwdiogan ghseniinghdadeots sepacttingesd Sitkdride stepse sinfooe eaqn@low lepst rtej grihe

distrib 10) | t d
et er et P Rl Beabtiol “SutGh AR Eur 085S, B ool v he
aqueopsodietstird patadddl em dheSdthelUiAed, tHrgdeitemehd ¢4 R MRt Bisind athyerdgeact or

in parallel, in series, or in a combi nati on t hereof. The aqueous_sol ution
di st r iSBRATAtEM ByHbEne, derhepdcal §iker, pdesipenefiltess a coarpmediadidter. agbyenilten t he

react aplof el MRl ééa% or! RaRbAIUEERLY B QUL and t?lté%’f‘&énf Y 106, BXANO08S] " eam

to cl ean I'a an to C uc par a
[0024bfﬁh&qmaammohumamsﬂmahudﬁwhyﬂmogannbanmhnmghe&mm@nents such as a

safeti 6ellef nechani sm such . as a relief valve, burst disc, or a controlled
react 6003y st pldiedgactorsan alsgdncdpd WC%@S&HM@W&%%%@W SEIPERP | imiter to

m ni md%s‘%mb&fon‘"sﬁ&’i 50l %luhﬁ‘)‘?ng*%?&zé?&eﬂoﬁ% H\—%Tyar@é\@ TR, 981 whdr ﬁfé{}ﬁ}uﬁoﬁ‘

required fuel cell aracteristic or to match the transient flowrate
| i m t addonsucbfas tifBiséis) tisedrs caund¢1mﬂ]d®ne’lﬁtegqu@cﬁﬁ351]ut12mearslye;dlembotedghmeglat| ng
hydrogg as can. ahso i ncl ude

ti

[y Rressure tranaﬂycer g;bgg val ve,
hydr o BT TR ARG N RAEITeL Tp SHeoa R COBRIRERG dFerelnd i HBR0E or
cool i REEeH kR ibitbl 8WIEH cah BEuSHSH SRk Br ISkt fereRetvARRIME WRtBPRIeRI Ner for
recycling fuel cell reaction
material to produce hydrogen, to purify the hydrogen stream, to clean filter media, and/or to
control the waste product parameters.
[0024] The reactor can include hydrogen handling components such as a safety relief
mechanism such as a relief valve, burst disc, or a controlled reactor burst point. The reactor may
also include an exit flow limiter to minimize, or control, the hydrogen output rate in order to
supply a required fuel cell characteristic or to match the transient flow rate limitations of the
filtration components.
[0025] The system of generating hydrogen gas can also include a pressure transducer, a
relief valve, a hydrogen-sealing check valve, a fan, a heat exchanger, and a reactor cooling
source. Likewise, the system can include a recapture container for recycling fuel cell reaction
waste solution and returning the recycled fuel cell reaction waste solution to the reactor.
[0026] The methods of generating hydrogen can also include directing a portion of the

aqueous solution to areas of the reactor to recapture the waste product resulting from the

combination of the reactant fuel material and the aqueous solution. For example, a portion of the



waste solution and returning the recycled fuel cell reaction waste solution
to the reactor. [0026] The nethods of generating hydrogen can al so incl ude
di recti ngwe 2povtiksam of the aqueous solution to areas of pCi@Se@aores7t 0
recapture the waste product resulting fromthe conbination of the reactant
fuel material and the aqueous solution. For exanple, a portion of

t heagueous sol ution can be added to a secondary reactor chanber, and the
generated hydrogen gas can be passed through this portioned aqueous

sol ut iaqiicoukisblueion Bgh batidad s0a b opddr| orar®rd chishing, énd the|getkrped hpdbian ger een
to separate a waste product fromun-reacted reactant fuel nmaterial and
aqueo§an 8e pysediroyehdbipottinmed agiiguy olation dNilAnged AlspdarartormedBsingat ur es

wil | gﬁ]ﬁmﬂﬁ%@ é&pa{t%%%irate D AR QR Wolfu Féa@éeh?gac%glﬁﬂe? %ta%e?i'al e

1 n
Vi ewe n ‘conjunction with the acconpanyi ng draw ngs. ing and
non- exheesss isvlatiembodi nents are described wth reference to the foll ow ng

dr awi Accordi ngly, the drawi ngs and descri pti bel ow are to he
oy a88710 C et b R SR e B g Rl il rReTo S iR itn om
DESCRInT 8w/ ¥e ddrlfcBRAWNESn WHRR §le weld GYREn jhin&AWsi tRhe QXY By R Raings.0gen

generation systemusing a stabilized alkali nmetal naterial anhd an aqueous
sol ut iNm-liwitmgewnil denfegbizusenembodimiaytd regdascribed] wighefelferoncego gemnfetlaving

examp st RarubeR. GerrarPol ey B BHOMmT IR Faret iy FlRR "

car r ynhan€lagd asces8QFfivd 0030] FI GURE 3 shows an exanpl e hydrogen gas
generation systemthat includes a reactor, a water container, and a nunber

of additional conponents [0031] FIGURES 4A-4D illustrate reactors enpl oyi ng
mul tiple water di Spenﬁ@ﬁFﬁ?ﬁébﬁiP?iOﬂﬁ“fH]’imm g [0032] FIGURE 5
ate anpl e hy

schematically illustr S an ex rogen generation systemw th a heat
r enov§0028] r uct HIEURK O S3jwdnGiRnple sthovelradenexasmlién hychogeang gemeiliaéd on
systemwi th a hydrogen outlet and water inlet at one end of the reactor in
a dowtHeidngSpl HeaRliaga ap dapRoks splBtiPRIGRIPHHE A¥tpaskishydregsafyelpribore 7

shows ap. eXRbSRIRLY, Vh&aWRl, & BYILRIGR generation system with the heat
[0029] FIGURE 2 illustrates an example of a hydrogen generation system with two

reactors and a carry-handle accessory.

[0030] FIGURE 3 shows an example hydrogen gas generation system that includes a
reactor, a water container, and a number of additional components

[0031] FIGURES 4A-4D illustrate reactors employing multiple water dispensing nozzles
at select locations.

[0032] FIGURE 5 schematically illustrates an example hydrogen generation system with a
heat removal structure.

[0033] FIGURE 6 shows an example hydrogen generation system with a hydrogen outlet
and water inlet at one end of the reactor in a downward orientation to mix the reaction
components.

[0034] FIGURE 7 shows an exploded view of a hydrogen generation system with the heat
removal structure shown in FIGURES 5 and 6.

[0035] FIGURE 8 shows a hydrogen generation system configuration with a coarse media
filter and a hydrogen filtration membrane.

[0036] FIGURES 9A-9C illustrate a water feed network and a comparison of filter areas

without a water feed network and those utilizing the water feed network.



removal structure shown in FIGURES 5 and 6. [0035] FIGURE 8 shows a

hydr ogen generation systemconfiguration wiwth a coarse nedia filter and a
hydr ogen wol2oreatiusam nmenbr ane. [ 0036] FlI GURES 9A-9C i | | uscratseoa/owaser feed
network and a conparison of filter areas without a water feed network and
those utilizing the water feed network.[0037] FIGURES 10- 10B illustrate
alternative filter designs to a nenbrane/coarse filter system [0038]
FIGURES 1IA- HB illustrate systens and techni ques of waste capture and

ci rcul[ea37n. [ GAGYIRHEN BJREB lRAtratel altsinadtealtardesiganml €membeneaatofilted t h

mul tiple reaction conpartnents. [0040] FIGURE 12B illustrates an exanple
react 3%t h mul tiple protective insulation devices. [0041] FI GURE 13

H USL[O(%S?.S a“y}ﬁé%gif%f} B%uéﬁia[eﬁyﬁﬁeﬁfétahh?&hnﬁﬁ&ﬁﬁ%&é%g[{ﬁé‘ﬁﬁﬁ e changes

in conductivit RE 14 ustrates an exanp actor with
el ect rcircalhticont act s connected to a pressure vessel cap of the reactor.

0043 RES - hows an exanpl.e |.ightweight, |.ow cost, reusable
£eact1w@l9 accﬁgg‘@g&/ﬁ?g SHR%S 8 5% ept?/g‘??f'i%ﬁ’%%[rﬁ'ﬁlﬁﬁ]]“ﬁ%ﬁE 16 shows an

examplegmphihbhgct ure of a low output reactor systemin accordance with the
claimed invention. [0045] FIGURE 17 shows a detail ed exanple of a | ow

out putl004act or HEEIRdM Ihilhstatesdancanmle teattioe withanwitidlei pioteetiviednsul {t3046]

FI GURE _18 shows a reactor with solid reactant fuel material connected by a
val ve €88 spring-based 1iquid punp system [0047] FIGURE 19 shows a

gr aphifggd1]depi FIGURP{3 DREGirhttadDEN Q8N Wi REICBIdaDELHOAE totrhéBuleN @
spring- based Iqii]gui d punp systemw thout a coupling valve [0048] FIGURE 20
shows changeaphf@drct#ayi cti on of hydrogen generation pressure over time in a

spri ”906’&? ed | 'Pq@[ﬂ{]fpyé[rﬁluﬁt\@tgsem &a&ﬁbléa‘re%gtgp Mtﬂ%le\éa‘lc\ﬁFwntacts connected to a
pressure vessel cap of the reactor.
[0043] FIGURES 15A-15C shows an example lightweight, low-cost, reusable reactor in
accordance with the claimed invention.
[0044] FIGURE 16 shows an example architecture of a low output reactor system in
accordance with the claimed invention.
[0045] FIGURE 17 shows a detailed example of a low output reactor system in accordance
with the claimed invention.
[0040] FIGURE 18 shows a reactor with solid reactant fuel material connected by a valve
to a spring-based liquid pump system.
[0047] FIGURE 19 shows a graphical depiction of oscillatory hydrogen generation over
time in a spring-based liquid pump system without a coupling valve
[0048] FIGURE 20 shows a graphical depiction of hydrogen generation pressure over time
in a spring-based liquid pump system with a coupling valve.
[0049] FIGURE 21 shows a reactor with reactant fuel material and a spring based liquid
pump system integrated within a single cartridge.
[0050] FIGURE 22A shows a reactor with reactant fuel material and an integrated spring
based liquid pump system.
[0051] FIGURE 22B shows three primary sub-assemblies of an integrated cartridge with a

reactor and spring based liquid pump system.



[0049] FIGURE 2 1 shows a reactor wth reactant fuel material and a spring
based liquid punp systemintegrated within a single cartridge. [0050]

FI GURE 2202hova4s9r eactor with reactant fuel material @oud/usrotoneegr at ed
spring based liquid punp system [0051] FIGURE 22B shows three primary
sub-assenblies of an integrated cartridge with a reactor and spring based
| i quid punp system [0052] FI GURE 23 shows a perspective view and
cross-section of an integrated cartridge with a reactor and spring based
i qui qo@a2Tp sy HRIGURPDYSHowks| @MeBﬁvéﬁ@W&n&ﬁro&&S&iﬁbhbfﬁh aueghtedparitidgegr at ed
cartridge [0054] FIGURE 25 jllustrates water feed distribution nechanisns.
[ 0055]ViF) DAGRECLENGTRGIRE PasaddicuitieymP 8¥¥ g nechani smto coupl e a separabl e
l'iqu d/re i GURE 27 shows a
scheng?(?%qr epr ggte}‘g{Rg %’%%}R}g\%rﬁggig%g%@glv@ %lea\cf]lullﬁﬁ ?agéegg‘%?%lgg% or hydrogen

gener 40084 devil6URHDSjustratSURReR B ed dowsbugios aimehaitisos.r epr esent ati on of a

separ i qui ct or r pge enerat.i on device wt .

con c 0081 | apaabREned SsGoaded BRed BehiivR BRI gl e
conpr gssEdadbEN\RIr&enacf@hlidpadde spring to facilitate lim ted variability
in force over travel. [0059] FlI GURE 30A shows a perspective view of a

hydr od@ﬁﬁﬁde ner é?tIGUrRE:%ﬁ shqmg?escmmhtlcaresmmlri@tldmﬁ@cﬁeparquﬁ dighislfdedredetar vol une
excha éste 0 FI GURE 30B shows a schematic representation of a
hydro ggﬁ PRI 0 c?éi’r Yidge with a spring based liquid feed and a vol une

excha![mS’vg Sy stHGUR[E)@@QHowEIaGdBErn&lclrem@Mﬁatmrmes@fmmeaqqdldqte@sﬁea&e@t i onal
views of a hydrogen (%eneratl on cartridge with a volume exchanging, spring
based hyfpgre genseation[GuEe Wit agRicafoolitpsing sBn@ssenbl y vi ew and a

Crossgeaghi onal A k*% ng
cxchal g, oo R PRI AP FR PRI PR M3 bt Wit
vi ew dicinmtd lihiegl atriadilieaid foradgeef irhtelat i on system exanpl e. [0064] FI GURE 34
shows 8\61 assembly view of a normall ?/ closed valve to separate a
[0059] FIGURE 30A shows a perspective view of a hydrogen generation cartridge with a
spring based liquid feed and a volume exchanging system
[0060] FIGURE 30B shows a schematic representation of a hydrogen generation cartridge
with a spring based liquid feed and a volume exchanging system.

[0061] FIGURE 31 shows perspective and cross-sectional views of a hydrogen generation

cartridge with a volume exchanging, spring based liquid feed.

[0062] FIGURE 32 shows an assembly view and a cross-sectional view of a hydrogen
generation cartridge with volume exchanging, spring based liquid feed.

[0063] FIGURE 33 shows an assembly view of an integrated cartridge filtration system
example.

[0064] FIGURE 34 shows an assembly view of a normally closed valve to separate a

reactor and a liquid feed.
[0065] FIGURES 35A-B show an assembly view and a perspective view of a mating

component to join a reactor and a liquid feed.
DETAILED DESCRIPTION

[0066] In the examples below, reference is made to hydrogen fuel cell systems, but it

should be understood that the systems and methods discussed can also be implemented in any
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reactor and a liquid feed. [0065] FI GURES 35A-B show an assenbly view and a
perspective view of a mating conponent to join a reactor and a |liquid feed.
DETAI LED WBSCRIRI440N [ 0066] In the exanpl es bel ow, referemas2019/0n826E t 0
hydrogen fuel cell systens, but it should be understood that the systens
and net hods di scussed can al so be inplenented in anyhydrogen gas generation
application, such as |l aboratory applications, commercial or industrial
applications, and consuner applications, for exanple. Basic Hydrogen

Cont r ¢lydSgsih e gedefalibn hpplaagos xacipieabaatirumpBidhitord ecandéeial somidusaisi | i ca
gel can be conbined with water to_generate hydrogen gas, but the devel oped
t echnd@PB3EEN: AR SPYMGE RPRICAENSs TR 6K4MBIEd al kal i netal materials, such as
doped sui cides and suicides that have hydrogen in association, or solid
powders conbi ned with aqueous sol utions to produce hydrogen gas.

Addi t iBasid Hydrogem ¥ ontipkSystemf t he devel oped system technol ogy can al so be

appl i alternative terjals.used in hydrogen production such.as

2P S0 ouctern OB cXigPlor e ThtERr andOp bR BTHABTGA BF SREPEFI A, ¢ ha
gener i £S (YR RyWaesn BxPBSEHe HOveRPIE WthnSIBLL LANSso [RARR: sEbRikgact ant
fuel materials can"be free-flowi ng powlers or materials that are

conpr edsddnetptohatedals.cuth ey ddped wdigidentnd sibidicles dohlsye hyprogee s assydiatimdeps or

ot her ysical geonetries. The materials onsi st of vari abl.e powder

0 Do B B iy BSORRE biTiag 100 TR R AR BS0S 2 1 ARILGRITARENS
cont r @kpdcheofltigagdvieped afstem BBnABENOh £105 bt NehMivBendtarigx@pegen t he
solid sodiumsuicide structure to humid air creating a sodiumsilicate

bar r i éydiggee Aradyctiinssish gapuEinyn pawWeer, oy g deateiHeqr qogtbimatisn@f geonet ri es
for t | i L. ut..ons may be used with

whi ch %&%%%%@%ge%ﬁée%e 5§§%$®@ﬁ§%$ﬁ§%§§? (gagﬁghggﬁéous sol utions. [0069]
FI GURE0683 hows Taie reacediip hes] afatedialvychin bg €reefbiven@pbwders ys tratarihBGhatsirdlg a
reactant fuel material and an . aqueous solution tgo generate hydrogen gas.
The gERBPEBEG: Mpiedget ofamedintgdods Fnes etPheiss £ YH) R B gentheirRdlysical | or to a

gener g‘goﬁl@@ﬁé.a*rﬁé bﬁate!nafmgr dbist G vaGiaRe YIRS Ses, géb%le&ﬁ@%ﬁafong,qﬁwmt erial

101 c be inserted into & reactor 102. 'In this drsclosure, the terns

r eact @patirggay errmagegl varidtigrses sonte] viesisedticarreteu $be sgthahforooding wanld dent i fy a

cont aiegg(gse(%ﬁe gotlirgies[)dlru%lcselﬁéiaec Ist?ucture to humid air creating a sodium silicate barrier which is
dissolvable in water. Of course other forms and geometries for the reactant fuel materials and
aqueous solutions may be used with which to combine the reactant fuel materials and aqueous
solutions.
[0069] FIGURE 1 shows an example of a hydrogen generation system 100 using a reactant
fuel material and an aqueous solution to generate hydrogen gas. The generated hydrogen gas can
be directed to a hydrogen fuel cell or to a general laboratory, industrial, or consumer use. The
reactant fuel material 101 can be inserted into a reactor 102. In this disclosure, the terms reactor,
cartridge, and pressure vessel are used synonymously to identify a container or other receptacle
in which a reactant fuel material is placed. In the example shown in FIGURE 1, a removable
reactor 102 is attached to a water inlet connection 106 and a hydrogen outlet connection 108.
The connections can include, but are not limited to, normally-closed double-shut-off valves
and/or normally closed check valves. The connections from the reactor 102 to the water inlet
connection 106 and hydrogen outlet connection 108 can be flexible connections or can be rigid

connections, depending upon the particular use. Water, or another aqueous solution, is added to

the reactant fuel material, such as a stabilized alkali metal 101 to generate hydrogen gas and a
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in which a reactant fuel material is placed. In the exanple shown in Fl GURE
1, a renovable reactor 102 is attached to a water inlet connection 106 and
a hydr ogewocauototsseonnecti on 108. The connections can i mcira$egiobed2sar e not
limted to, normally-cl osed doubl e- shut-off valves and/or normally closed
check val ves. The connections fromthe reactor 102 to the water inlet
connection 106 and hydrogen outlet connection 108 can be flexible
connections or can be rigid connections, depending upon the particul ar use.
Vit er bygirodundtsheli aagidaou silisat UThe hydibgeragidatoes upeard @dekan thefreaattorm@ier i al ,
such as a stabjlized alkali metal 101 to generate hydr ogen gas and

aby- protheegh asingls rgactaio)2imllsirped i FIGHREHy #sBojdd b aadsrioad thaptt d and
exits - ' I IS ol in

F1 cureef FAERR OB TR o B D R Blplar foiTal, EchBhiEh L0

r eact sygecmadedoabers elfbriemample, exidMAIRIE §, twodeogerblg asicgendilatbaresistvens

described. For example, in FIGURE 2, two renovabl e reactors 202, 204 are

shown .Pt‘)lli‘g?ft Higrreadiofs C?%Bf‘cfe&%ﬁdd%ﬁﬁﬁ%% € (Y e U8 PR T MEHRANEYR 26PuYi ng a
IockiQgﬁggﬁ@ﬁgg§ﬂ&mgiFLk@, or other simlar securing device. [0070] In the
exanpl e shown in FIGURES 1 and 2, an aqueous solution, |ike water, is added

to fill00Fdrts dnthe xnople sopwon NEURES| haghdtahafquéawp seloton. dike ovaterais

| j . b d ch [ 114, with
w tnogted PR FPegbrTo% IF B E i e SR i B PR BB e wi 1

r eact abhtafriéeban®d @&l duch IR aAL@RABeSIAUUNIRBr Gathohnctiligertatidbtheves to
i nprove reaction efficiencies, increase hydrogen ggoductlon, i ncrease the

rate GKAIRPH.cgercte i betidfilled withaeactamn shtal.f Bhagguieows sofyion Gapat e

cont anj £ £ j rt cki.nal lLysi e rrosi control
the pRraRt el fL i SHRBR o R e HREBM Bl rop O R R e S0,
and exitendhyd@opar godii@ioharedeccoataiindi fodsation) facidisatatdrahinahhf@rati@act i on
paranmeters such as the thernophysical properties of the reactants. For

exanpl 8PP N JfHoIXpEs TEHRE FHEDPIe CALTAEIC A varEaHeIusts. 6RaNeF teddi ti ves,
and mséfuﬂﬂﬁ? oPfhe ﬁvrh@%ﬁaréﬂfytst, hﬂcféxte@t%ﬁ]ﬂlsﬁ%ur@ ]}angg I%g@lngﬁ ¥ GRIIGR fo'e&(atllr@e

nmet hanol, et hanol, drochloric acid, "acetic ., sodi um hydr oxi de,
cal ci ueachiyd paxindeers sotlias theshéinephesica pogphatses thehoraies , Fardamplethe. O her

additives. can he conbi.ned with the reactant fuel nateri i ngl.udi ng bor on,
car bortTES FARIGOr 0. PREP IO Reo oL CRUABRITES R HeeRELtRG or t o

r educ g xafpdsio? heafdliinkP¥an Wlube HREANEL, EQahQTRRISIHISR: A3NICRPRIALL@Im sal t
and/or other additives can be included in the aqueous solution to reduce

t he fhedwixidy, pal¢inm lofdrexide, sedium spifrate, phosphates, borates, and others. Other additives

can be combined with the reactant fuel material, including boron, carbon, and nitrogen to
improve the hydrogen capacity, kinetics and/or to reduce reaction enthalpy. With regard to
temperature range operation, salt and/or other additives can be included in the aqueous solution
to reduce the freezing point of the solution.

[0071] The amount of aqueous solution stored in its container can vary depending on
system implementation specifics. For example, in FIGURE 2, the container can store more than
a sufficient volume of aqueous solution to react multiple cartridges 202, 204. The system can
include a condenser (not shown) to condense water from the hydrogen output stream and either
return it directly to the reactor, or direct it to the water container 114. The system can include a
water inlet connection 106 for an external water source (not shown) to supply additional water to
the water container 114, or in a separate implementation directly to the reactor. In one
implementation, fuel cell reaction waste water can be captured in full or in part and also

contribute to the water supply to reduce the net total water requirements.

12



[0071] The anount of aqueous solution stored in its container can vary
dependi ng on system i npl enentation specifics. For exanple, in FIGURE 2, the
cont ai nerwoaniosties4e nore than a sufficient volune of ageewus2@0led25DN t O
react nmultiple cartridges 202, 204. The system can include a condenser (not
shown) to condense water fromthe hydrogen output streamand either return
it directly to the reactor, or direct it to the water container 114. The
system can include a water inlet connection 106 for an external water
s our cq40q7t shdwnkximplshp hgdlmddiltda&nadsta/\@bemcttr@dﬁlbabmbsam«e@ rahautser 114,

in a separate inplenmentation directly to the reactor.
i rrpl efETPHEN %ﬁng@w@?oré@@iy r%ﬁaaﬁa@ﬁnwﬁ‘éa%t)r@fiu@éwnbeled@pﬁea?t%rqaﬁtaflaﬁuﬁl or
in part.and @b %&c&&féagf RUSabfed. %&%ﬁpﬁ otf%élf%gé{&ecatnh)% Hagka et al
wat er requirenents For exanpl e e sodiumsilicate waste product
r eadi ligsubbabtolzscanad ecvlub1at5dcqnﬂmommlmmese)topssc\haﬂgee'stacifbus catgglcyn tsy estb@abreat | ng
the waste EF’ qut f ﬁ r] rleac gacta t f material, the éeacti on
can b@UBHRE PBTY WO ¢ ?ta‘él é?FB‘f kali gigla B‘h‘ﬁ GO VY %?ch%“ri VAL O or
i nsul abgdnt Qi GHLES i gArAUxURk Ve oL RARE LB NEHBaBNE CRReMAE Ry %ﬁh@tp%mt-rh' s
wat er can then either be purrpeg back up to the stabilized al kaI| nmet al
powderof gractip, sheewatto snheaic is wiinhregniriagoutie woter sdeti inm lswidplthee.c dh flieguoingd
excl usi.vel wat er zation. ,Al.ternativel oi nt of
Foact bl Vst Fatly 1R TRES HnBle g Fooe BottppboiedipE R
|'i qui duphase&ialAt the point of reaction, a separation screen is utilized to
separate the liquid waste fromthe unreacted reactant fuel material.
Addi ti onal System Conponents [0073] In addition to the reactor and the
aqueo i [ e hydrogen gas generation systens can incl ude
addi t%d(jﬁ LHJI SeRPE M. For exanple, FIGURE 3 shows an exanple
hydr ogeév73jas gdneadditivor Sy séemraad tHehmfuedncblities sauceadiedtydsdpen gas wat er

contai ner 314, and a nunber of additional conmponents. For exa&%lt wat er
sour c&ENEIRERN s ms qapWaclydeeadditionalystey components n for gempls. EIGERE hihosrs 314

as ”e%ﬂ%gamﬁ\gth%gr{gﬁﬁgh%%ég Fati6R BY@LA800 ﬁi'af'u{miﬁe?g r2KBped: ] anQtef Efedifdy 302

via water using a punp 320, such as a peristaltic punp, a
manual31puma,a poshet ot adddiicspll a«maptm%tsplﬁmpsxampid withievoupenplst 306 glossghe e

tran cer 3 e Iaced. in ne an ed to
oo G R, o et s aRnEh A et W aRt BRedepptalies S piien
PI €SS Ytk 1S S4EE 32 21aTRiteD@ppS Athioblus g R 2D, L1l ﬁéﬁ"staﬁfc%%ﬁf

callbrated anounts of water to multiple reactors through a nultiport valve
324. amanual pump, positive displacement pumps, and other pumps. A pressure transducer 322 may

be placed in line with water supply line 390 and used to regulate the amount of water pumped
into the reactor 302. For example, pressure transducer 322 may be used with a pump 320 to
deliver pressure calibrated amounts of water to multiple reactors through a multiport valve 324.
Pressure transducer 322 may also be used in part to provide a fail-safe mode to prevent excess
water from being pumped into the reactor 302. In one example, the output voltage of pressure
transducer 322 can be compared to a system voltage parameter using a comparator (not shown).
The output of the comparator can be evaluated to determine if the voltage is in a proper
operational range. When the voltage is in the operational range, additional circuitry
implementing instructions from microcontroller 387 can drive pump 320 to provide water to the
reactor 302. When the voltage is outside the operational range, the pump 320 is disabled. This
circuitry can use a capacitor, or other timing circuits, to create a delay in the reading of the pump

to allow an instantaneously high reading during a diaphragm pump action for example. For
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Pressure transducer 322 may al so be used in part to provide a fail-safe
node to prevent excess water from being punped into the reactor 302. In one
exanpl e, wbeooutigss voltage of pressure transducer 322 eam/useoioonpared to a
system vol tage paraneter using a conparator (not shown). The output of the
conparator can be evaluated to determine if the voltage is in a proper
operational range. Wien the voltage is in the operational range, additional
circuitry inplenmenting instructions frommcrocontroller 387 can drive punp
320 t tiyprogen dener@iodrsyktoms ethraaltiperrea@ats, ANipplt higve3ddt @gdeivsedistsslede t he
operational range, the punp 320 is disabled. This circuitry can use a
capaci“tiifh reastopteseives Vahg circuits, to create a delay in the reading of
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t he hydrogen_ generation system can be designed with a small manual I}/

oper at¥eBunithsiBereade Jydiperhgencmtionsastemicay be desdgngdwitha salh gianpdhy a

physi Gl l3&unlf &ALt s§rP1 Abh&E 11kPPR Pt @l SGIhibE hidal ubdQfelacebdn | ar
to prg)?srlilr e%{urfr;%ducer Zgé a chelck vaSI ve 326 éan g%ugééda iun t he aF:eactor
302, oathemthahan eloctticdlstastystem to keep hydrogen pressure in reactor 302

[rom RS, ALY DLk Bressues oo, cor ol syst emramonente such
o] SRS e Bt A gl e ngis M nopoigmy e T
unallowably high pressures on control system components such as valves 324 /361, transducer
322, and/or pumps 320. For example, as the initial water enters the reactor 302 and reacts with
reactant fuel material 301 in the reactor 302, hydrogen is generated, and the hydrogen pressure in
the reactor 302 builds until the hydrogen reaches a system pressure parameter value upon which

the hydrogen gas is routed out of the reactor 302 and is used elsewhere. In some situations, the
pressure in the reactor 302 can exceed that of the capabilities of the pump 320 and other system
components. Check valve 326 can be used to prevent the pump 320, water container 314, and
water line 390 from becoming excessively pressurized and to prevent damage to the system.
Check valve 326 can be used to determine the pressure in the reactor 302 and to isolate the
amount of pressure to the control system from the reactor 302.

[0076] Similarly, hydrogen output check valves 336, 337 manage backflow in the reactor
302. Backflow may occur when the system is used at high altitudes or when the hydrogen

outputs of multiple canisters are tied to each other. Check valves and transducers in each reactor,

and throughout the control system, allow for independent pressure readings of each reactor for
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the reactor 302 builds until the hydrogen reaches a system pressure
paranet er val ue upon which the hydrogen gas is routed out of the reactor
302 and iwoussdiiegsssewhere. In sone situations, the presgarascoonbest eact or
302 can exceed that of the capabilities of the punp 320 and ot her system
conponents. Check val ve 326 can be used to prevent the punp 320, water
contai ner 314, and water line 390 from becom ng excessively pressurized and
to prevent damage to the system Check val ve 326 can be used to determ ne
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pressure down to psi. Alternatively, a regulator. 344 with a dial, or
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the reactor.

Material Feeds

[0077] Alternative reactant fuel material (e.g. sodium silicide) / liquid (e.g. water)
mechanisms are possible. In some configurations, the reactant material can be formed, molded,
or pressed into geometrical structures. For example, rods formed from stabilized alkali metal
materials can be inserted into an aqueous solution at a defined rate to control the reaction.
Similarly, the rod may simply be removed from the water bath, or other aqueous solution, to stop
the reaction. Additionally, reactant fuel materials can also be compressed into pellets. These
pellets can then be manipulated and placed into water, or other aqueous solutions, at a defined

rate to effect the reaction.
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m cro-controller could control the water flow rate and anount to control
the output pressure of the reactor. Material Feeds [0077] Alternative
react ant woebiowmasswi al (e.g. sodiumsuicide) / |liquid (@ecyuseanoey2s7
mechani snms are possible. In some configurations, the reactant material can
be fornmed, nolded, or pressed into geonetrical structures. For exanple,
rods formed fromstabilized alkali nmetal materials can be inserted into an
aqueous solution at a defined rate to control the reaction. Simlarly, the
rod mayqueoaplylultieneedved from the water bath, or other aqueous sol ution,
to stog@t he reactl on. Additionally, reactant fuel material s_can al so be
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fuel material rather than jet or mist. When using a pump with high pressure capability, larger

orifices can be used to inject water to the point of reaction. When low pressure water feed
system are used, more nozzles can be used to limit the distance between the nozzle and points of
reaction. Depending upon the application and the specific reactants, any of the aqueous solution
delivery techniques can be selected.

[0079] Additionally, the water feed tubes may be curved or spiraled as shown in
FIGURES 4C and 4D. In FIGURES 4C and 4D, a spiral water feed tube 421 can be used to
access multiple areas of the reactor 402 using a single tube. This spiral water feed tube 421 can
have holes in a number of possible positions to maximize its coverage area and to minimize
water saturation in one area of the reactor 402 with respect to another. The center post 423 can
also be included for mechanical support and for heat removal. For designs that do not require
such support or heat removal structures, it can be removed. Additionally, a water feed network
can be integrated within the center post 423. Other water dispersion configurations are possible
as well. For example, one implementation can employ an assortment of fine holes or mesh to

facilitate water transfer. In other implementations, the water feed network may not be uniform
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system are used, nore nozzles can be used to |limt the distance between the
nozzl e and points of reaction. Depending upon the application and the

speci fi c woaotoanisy any of the aqueous sol ution deliver yctrashoiogeses7 can be
selected. [0079] Additionally, the water feed tubes may be curved or
spiraled as shown in FIGURES 4C and 4D. In FIGURES 4C and 4D, a spiral

wat er feed tube 421 can be used to access nultiple areas of the reactor 402
using a single tube. This spiral water feed tube 421 can have holes in a
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is located at the top of the reactor 602 and the pressurlzed gas travels to

t he bd®@&h t hr dwghthan kguiplstreactiviie ceB8e employedywirioly ey tindseass 68ergadensétyi n or
out si Qﬁ d&lvered / (mass of powder + mass of water required)) as the amount of water required is
non-linear. In addition, partial reactivity can leave the waste product in a near solid state as it
cools from the elevated local reaction temperature. Solid waste products can be beneficial for

waste material disposal.

Heat Transfer

[0082] Returning to FIGURE 3, as the reaction of the reactant fuel material 301 and water
progress, heat is generated inside the reactor 302. One or more thermisters 328 can be used to
measure the heat of the reactor 302 and to control a cooling system, including one or more
cooling fans 330 that can be used to cool the reactor 302. Likewise, cooling may be provided by
a liquid cooling loop (not shown) using a self-contained heat management circuit, or by
circulating water about the reactor 302 from the water container 314 using a separate water

cooling run. Of course, thermister 328 may also control water supply valve 324 to regulate water
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reactor. Different configurations and tube geonetries can al so be enpl oyed.
[ 0081] Less than conplete reactivity can be enpl oyed, which nmay increase
ener gy deweizoi/(iks4del i vered / (mass of powder + nass of peatuseomwmep2st ed)) as
the amount of water required is non-linear. In addition, partial reactivity
can | eave the waste product in a near solid state as it cools fromthe
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may contain t react or control connections such as hydrogen connectors
508 and clzatrienl ﬁeod}ﬂectman@m&gnalquom‘ssmgbwmﬁﬁﬁ s3eteac$emsmglcomm¢nen:$ hodhs

T R R Rl L L0 1 e
translucent (e.g., made of glass or plastic), providing both a feature allowing for visual detection
of the status of the reaction, an estimate of reactant fuel material consumption, as well a unique
packaging and visual appearance. In another implementation, the reactor can be generally
opaque with a clear viewing window with which to view the reaction.

[0085] Additionally, as shown in the example of FIGURE 7, the heat sink 723 and all
components are connected on one end 762. This geometry facilitates easy connection to the
hydrogen generation system with gas connections 708, fluid connections 706, and electrical
connections 777, while providing a direct path for heat removal by the hydrogen generation

system using air cooling, liquid cooling, or any other method.

Pressure Control
[0086] Returning to FIGURE 3, burst relief valves, burst disks, or other controlled

pressure relief points 330 can be implemented in the reactor 302 to control its pressure. For
example, when the pressure in the reactor 302 reaches a predetermined system parameter,

hydrogen gas could be controllably vented from the reactor 302 through a pressure relief point
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structural connections. In FIGURE 5, the entire body of the reactor 502 can
be clear or translucent (e.g., nmade of glass or plastic), providing both a
feature awvbaeiong4d4or vi sual detection of the status of wrhe/useaoews; an
estimate of reactant fuel material consunption, as well a unique packagi ng
and vi sual appearance. In another inplenentation, the reactor can be
generally opaque with a clear view ng window with which to view the
reaction. [0085] Additionally, as shown in the exanple of FIGURE 7, the
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combined with an aqueous solution to form hydrogen gas and a by-product (such as sodium

silicate) as the primary reaction. In practice, other by-products can be formed, such as silanes
(e.g., SiH4) when reacting under certain conditions. Borazine by-products can be formed when
reacting mixtures with ammonia borane, and other items such as water vapor or sodium
hydroxide (NaOH) particulates are also possible. In addition, aqueous solution (e.g., water),
liquid waste product (e.g., silicate), and reactant fuel materials (e.g., sodium silicide) can all be
present within the reactor. Multiple levels of filtration may be used to cause only hydrogen to
exit at a level of purity applicable for the particular application.

[0089] A hydrogen separator can be used which may serve multiple purposes. In one
implementation, a separation media made of laminated Teflon (PTFE) with a pore size of about
0.45 micro-meters can be used. A wide variety of pore sizes and specific material choices are
available. Implementation features include high throughput gas flow-rate, a water breakthrough
pressure up to 30 psi, and ultrasonic bonding to the reactor cap. Membranes are available in a
wide range of material types and thickness. Multiple membranes can be used to provide coarse

and fine filtration. For example, when using sodium silicide as the reactant fuel material in the
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Hydrogen Filtration [0088] In one inplenmentation, the reactant fuel

material is sodium suicide, which is conbined with an aqueous solution to

f orm hydrwgeniogasssand a by- product (such as sodi um sil i earajs2@as/ord2e7 pri mary
reaction. In practice, other by-products can be forned, such as sil anes
(e.g., SiH4) when reacting under certain conditions. Borazine by-products
can be fornmed when reacting m xtures with anmmoni a borane, and other itens
such as water vapor or sodi um hydroxide (NaOH) particul ates are al so

possi hijgeouk Rolacldhh tdaotion, Agdiegers bistshl¢stdan Nesfde \glthmmb&iu}n sili¢agerfodmialdtuéngdr oduct
(e.qg., silicate), and reactant fuel materjals (e. sodi um suj ci de) can
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| am nat.e Tef%]i é}g b 59(@ 1glore Si e of .about 0.45 m cro- metc?rs can be
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wat er breakt hrough pressure up to 30 psi, and ultrasonic bonding to the
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wthin a sodiumsilicate foam ring the reaction, this foam (or hydrogen
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sodi u rQ tion that
ses Joaunk 820 PRl R ihyacs SO fa U B P AR, 2 or g
a fi neroviding paths tﬁclilr ths hydyogernty ikt glemeinbtaha 80 andresror tad epd i hyldrogene

i npl enentation, a copper wi.re mesh is used as the coarse nedia filter 888.
Thi s SOHHE‘éE%IF’GFtF%PSK%@ﬁ@OWP@‘hFWQE‘gs&)ty material away fromthe fine filter

hydr ogggygyi | tr 6}3’3’ }%vﬁ%{?&l@@&r&q&d f‘fﬁe"ﬂraﬁ&%ﬁﬁe féal:&a?ﬁss@i%g Rﬂbeq@gfdég%g be

used. Copper, other "materitals or material coati ngs, cted to
i ncl uges gehceattoaggﬁam apieatizeahpactdluae oorstramtsab%mhbmui ﬁlltfabroneﬁitlﬁmthe

catal yzi.n drolysis or contam n ine filter menbrane
500 g R P B Rl i B shtery B A b REB e o N80 nad
the gy H@gb&génemw%l Pﬂeﬁgae Jﬁausn Hfécfi‘gui’& &8%&&&%&65aﬂl@ﬁhﬁa@bﬁ@Ev@é’spport to
t he merrbrane 890 whi roviding paths for the hydrogen to exit the

menbr aneh S§o0remoyakip ﬁgmcqan@flggefgrfer(@nplyd Poghemical filter can also be used in the

hydrogen generator system that can be serviced after a period of time. Alternatively, the filters
can be constructed of a larger size such that they do not require servicing during the full product
life of the reactor. For many fuel cell applications, water vapor in the hydrogen gas output
stream is acceptable due to the desired humidity requirements of the fuel cell. For other uses,
such as in some laboratory environments, commercial uses, and some fuel cell applications
where lower humidity is dictated, water vapor in the hydrogen gas output stream may not be
acceptable, and a dryer filter can be employed. The hydrogen generation systems of the claimed
invention allow for a removable filter to facilitate commercial, laboratory, and fuel cell
applications, for example. In addition, some fuel cell applications, such as refilling of metal
hydrides, require dry hydrogen. A water absorption media and/or condenser 896 as shown in
FIGURE 8 can be used in these applications as well. Any use of a condenser 896 can facilitate

the collection and return of water to the primary reaction to minimize water waste from the

20



out put connections (not shown in FIGURE 8). [0090] By providing the coarse
and fine filtration at the reactor assenbly, the hydrogen gas generation
syst em capotalovzesioupon vol ume constraints. Additional fcirtusasioom2ss t hi n

t he hydrogen generator system and/or fuel cell systemcan al so be provided.
For exanpl e, the hydrogen generation systens depicted in the figures can

i nclude renovable filtration devices, such as a renovabl e desiccant filter,
for exanple. A chemical filter can also be used in the hydrogen generator
syst enredch@ts02aMhb ect@rofivesl takhiegrirfarp@edctidn oin bé made dirdctlfy nathewedtyr intehe
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(such as reference numeral 338 in FIGURE 3 as one example) has a portion of the water flow
directed directly onto the filtration device(s), such as coarse media filter 888 and hydrogen
filtration membrane 890 shown in FIGURE 8. The water applied to the filtration devices by
water spray 909 eventually drops back down to the un-reacted sodium silicide and is also
reacted, but it first serves to clean the filter as part of its delivery to the reactor. Reference
numeral 909 in FIGURE 9A shows a stream of water aimed directly up to reach the filtration
device. FIGURE 9B shows a filtration device 999b that was not cleaned during the reaction, and
FIGURE 9C illustrates a filtration device 999c¢ that was cleaned during the reaction by spraying
water on the filtration device 999c. As evident from the difference in the filter residue shown in

FIGURES 9B and 9C, by applying water to the filtration device, the filter does not clog.

Additional Filters
[0093] Alternative filter designs to the membrane/coarse filter assembly can also be used.

FIGURES 10A-10B show a number of different filter designs. For example, in FIGURE 10A, a

cone shaped filter 1010 can facilitate movement of the sodium silicate foam across the filter
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whi ch readily absorbs water. In some reactor configurations, a significant
anmount of sodiumsilicate foam causes bl ockage of the filtration devices
over ti mewoths/highly viscous sodiumsilicate can cl og trhe/useémmoad2sDN
devices. By applying water to the sodiumsilicate, the viscosity changes,
which allows for the sodiumsilicate to be washed away fromthe filter
area. For exanple, in one configuration shown in FI GURES 9A-9C, a section
of the water feed network (such as reference nuneral 338 in FIGURE 3 as one
exanpl19)0 kasaltagpoh br@aRdedn bhiebabkes 101w THis agteatiagidr el lggomaipmakalso
filtration devi ce(sz, such as coarse nedia filter 888 and hydrogen
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menbr ane/ coarse filter assenbly can al so be used. FI GURES 10A-10B show a
nunbemngfti-Chhfi®ef Readtold €r designs. For exanple, in FIGJURE 10A, a cone
shapeqoddd]t e BT GANlao hvils ARYREE Aol sdhCaifdll Uhsh-hl ke, Leam
acrossot9hé filter 1(‘))&1&0 rlesu tllin\géi n a brea %‘%\’/\;1 ofatﬁsejd bt%@?eg 1%12. Thi s
cone- skapederfdah terapg éomedlr the wearsafiso andfuintembmareg. FIGERINS slidwedhe foamto

liquid collection zo i he upper corners.1014a, 1014b of the reactor
1002 GAEDIBPR CORraSS i PeHiite AT oY P BRI GRA AT CHE Base

1009 Qbdiugesh@ie. 1PR2%p880s§ BPNINOYorBihAt SiAdhatbELYSS HATGURIDE G Wit | Ng
downward. Additional design features may be incorporated into the reactor

1002 ischempaticaldy frnddiQURES é1AHIIS wsotg mnltipButlers et membragan i ncl ude cani ster
cool i facid,j satiopn on,the reactor. walls .10 as_ well as a
S0k odsh, LGRS FRCA TR D BRnbiSet FRE ShrfE i eittlionr Ie P8, qoun

the r Q@?Ieﬂ{enwbh,swés@é&p@ﬂe ahdn ﬁﬁc@ﬁﬁfn@%&r@élﬁleﬁrﬁ&ﬁn aslispbaidre leXctyer thcal
arrows 1051, 1061 pointing downward. | ti-Chanber Reactors [0094] Even

wi t h fHIGURE | ok hydingee sagis 2engrped imteageisispagionmbambeiokl Sddy-rpacding geterand/ or
and sodium silicide 1101, and hydrogen gas 1191 moves upward through the hydrogen

membrane 1190. Some amount of sodium silicate, water, and other reaction products may travel
through or around the membrane 1190 as well. The actual flow rate of these products is much
lower than the flow rate of the incoming supply water 1138. All of these products (output
hydrogen 1191, incoming water 1138, and reaction by-products) are combined into the smaller
combination chamber 1155. Smaller combination chamber 1155 can be supported in reactor
1102 by supports 1133. A mesh filter 1122 can also be used to provide further incoming and
outgoing filtration.

[0096] The incoming water1138 absorbs the combined reaction by-products because they
are soluble in water. The water 1138 and the by-products are then pumped back into the larger
reaction chamber 1154. The output hydrogen 1191 will travel upwards to the secondary
membrane 1195, which can be of a finer pore size than membrane 1190. Some amount of water

vapor and other components may still be in the final output stream labeled “Pure Hydrogen
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non-wat er can escape through the coarse filter and/or nenbrane. FlIGURE 3
shows a conbi nation chanber 355 to facilitate a process for capturing
reacti on wlevs/pusaduct s, such as sodiumsilicate. The pPOTAS2010/029257 Ng

conmbi nati on chanber 355 of FIGURE 3 is shown schematically in FI GURES 1l A-1
IB using nultiple filters and nenbranes. [0095] FIGURES 11 A-1 IBillustrate
net hods of waste capture and circulation. In one inplenentation, waste
capture and circulation is performed within a disposable reactor. In Fl GURE
HA, hydlitepgenlgmasini ssngeiperatibed sitbatidne, thapgesuré aadit combimhasietianibkb4 15/and
reacting water and sodium sujcide 1101, and hydrogen gas 1191 noves upward
t hr oudFrtHEhrplssdérr mensawige12ngdydigsqp valaahilowthreps thapmgnbrang B0wat er |
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al so be used to provide further incomng and outgoing filtration. [0096]
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wll térwel upwards to the secondary nenbrane 1195, which can be of a finer
pore size than nmenbrane 1190. Sone anmount of water vapor and ot her
conponents may still be in the final output stream | abel ed "Pure

Hydr o 1 1ds] , rafi j ions, the pressure in the
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t he 1 @af{le have been shown to be effective in controlling the reactions. Each sprayer can have a

defined range of water dispersion. A sprayer with a compartment approach can work well to
control the reaction. Various methods and materials to separate the compartments can be used.
For example, thin tubes can be loosely inserted in the reactor compartment, a honeycomb mesh
assembly can be integrated in the interior of the reactor, or a flexible membrane network can be
incorporated into the reactor. Additionally, the materials used to divide the reactor can seal off
the aqueous solution in one compartment from other compartments. Compartments can be
configured in both horizontal and vertical directions within the reactor. The compartments can
also be made of water permeable and/or hydrogen permeable materials or made of other material
used for water transport via surface tension forces.

[0099] FIGURE 12A illustrates one implementation of such an approach where a reactant
fuel material can be rolled into a cigarette-like configuration. As shown in FIGURE 12A, the
reactant fuel material can be wrapped in a membrane material that can distribute water all around
the powder and/or permeable hydrogen. Multiple rolled compartments 1204a, 1204b, 1204c,
1204d, 1204e, 1204f, 1204g, for example, can be housed within reactor 1202.
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Architecture Using Snmaller Conmpartnents within the Reactor [0098] As
outlined above, the reactors in these exanples can be separated into

mul ti pl e worzpawtimssat s. This architecture can be useful fPor/wkeeors2ny wat er
to different areas of the reaction. In one exanple, different areas of the
reaction can be operated at different tines facilitating easier restart
conditions as the reaction can start nuch qui cker when just sodi um suicide
as opposed to when sodium suicide and sodiumsilicate are present. In

addi t i[60100)at erA§qhe aynetisnshaieplbecin thdr@iiad compartaéiite ¢204ae 120be 0204col | i ng t he
reactigns. Each ﬁga?{er can have a defjned range of water dispersion. A
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Redediopowder and/ or perneabl e hydrogen. Miltiple
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of aqueous solution to be added to the reactor, the amount of aqueous solution added by known

characterization of a pump, electrical conductivity, pressure, hydrogen output measurements
either directly or indirectly by way of fuel cell current, and the like.

[00102] For example, sodium silicide has minimal conductivity. However, once reacted
with water, the sodium silicate readily conducts electricity at a level suitable for detection and
measurement. While many different methods can be used to measure this change in
conductivity, one implementation is shown in FIGURE 13, where different electrical contacts
1366 are placed on a ribbon cable 1350 inside the reactor 1302.

[00103] The electrical conductivity measurement circuit reads and compares actual
resistance measurements between pads 1313a, 1313b, 1313c, 1313d, 1313e, 1313f and/or looks
for point-to-point conductivity between pads 1313a, 1313b, 1313c, 1313d, 1313e, 1313f. These

measurements can be made using as few as two pads or as many pads as required to provide
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the reactor. Determining the Status of the Reaction [00101] After an
aqueous solution is added to the reactant fuel, a reaction occurs, and
hydr ogen waoicgiigsmer at ed. There are many ways to det er rcmaskée/ose2at us of
the reaction and to verify the progress of the reaction. These techni ques
can include visually observing the reaction, timng the reaction, and
measuri ng paraneters of the reaction before, during, and after the
reaction. For exanple, paraneters that can be neasured before, during, and
af t er stffidnes@telafrebdivhue@luthut Samhdamyicohiasd grebkstoan be pceingiffeht t he
reactants, the tenperature, the_anmount of aqueous solution_in the reactor,
the anefdtPno?! thesartento pertarm iimlpgreadings Hyd aceomapliha fHIHREGHRSht of aqueous
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Wil e many different nethods can be used to neasure this change in
conduend et igactani¢selfreph bpresadaasiaonedsgregivohgronnd. FI GURE 13, where different

el ectrj contacts 1366 are placed.on a.ribbon cab 135Q i,nsi de the
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can belqatraabcbntattdi fifiaoandct kodaprange abssthepridaé bon rdaotope Af recdss&l ibboar
readi ngs and acconplish a sim|lar effect. [00104] Further, in another
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a signal level, and convert the signal level to a conductivity measurement and to equate the
conductivity measurement to a status of reaction measurement. Of course, the microcontroller
can reside on the reactor assembly (such as in the pressure vessel cap 1416 in FIGURE 14) or in
the control system 303 as shown in FIGURE 3.
[00106] In another example for determining the state of the reaction, a force sensor, such as
a strain gauge, can be used to measure the weight of the reactor. Over the state of the reaction,
the reactor becomes heavier due to the water added to the sodium silicide. The change in weight
of the reactor can be measured using a scale or other force sensor to determine the weight of
reaction before, during, and after. By weighing the reactor during these periods, the status of the
reaction can be determined as well as other system specific parameters such as reaction
efficiency, completion percentage, a time of reaction, the amount o hydrogen gas generated from
the reaction, and other parameters.
[00107] The control system can adjust its pump parameters based on the state of reaction.

For example, reactions can require more water to generate the same amount of hydrogen near the
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generation systemvia a nunber of electrical contact nethods, such as
spring | oaded contact pins, sw ping pins, blade insertion devices, wreless
t ransm sswonpioor4sny ot her nethod of el ectrical signal trcanssteno29se

react or exanpl e using such contacts is shown in FI GURE 14 where el ectri cal
contacts 1414 connect to the pressure vessel cap 1416 of a reactor. A
recessed ribbon cable 1418 connects the contacts 1414 to a mcrocontroller
1420 in the pressure vessel cap 1416. The hydrogen generation system can

i ncl uded detheatdction Chanahi¢ béginthg eThethiddycqntoyedmmiudg thinsisteuc paramster to t he

m crocontrol ler 1420 to interrogate or probe the contacts 1414, to neasure
the r @sqdgtahrreactigiophgractesistiescanRingemaresiorm hyArager Sensantion byrdgsERE ci r cui t .

The my @IL?%Q&HI%éa%resl%gal Esatﬁmb&% bl Ean géso%f&m}k% LOSha ertdrﬁcﬂlﬁlt?&fj at
algorithns to interrogate the contact 14 det rmne a signa ve , and
conventhithire angaoak sdletied istadded ©aheluetiion.t y neasurenent and to equate the
conductivity nmeasurenent to a status of reaction neasurenent. O course,
the m crocontroller can reside on the reactor assenbly (such as in the

pr ess‘ﬂi@plﬁ%%@iea@ﬁ@n Staks hid Refdin Pabanfitersn the control system 303 as
shownTn n_anot her exanple for determning the state of
the r 40@k08bn, Regordiess ohsancaseignientagised wtdetdrmingathg efatus @f thygeatiod, 2so
nmeasure the the .react state of th actl on

eact PoBBaRAIRE 20ish S b TRE' am R oo P b0 BRI o e
changgedctandRied Ritd @ afi@uk ealGtion. pﬁglalgeiemasms esh w8iude ar LETAHRu croiehier
force sensor to determ ne the weight of reaction before, during, and after.

By weidftilayg of piker @éﬁi@lﬁrtodh‘?‘ivrﬁ]@e @qﬁ@génqﬁefpr@dg weighe of reaeiian id Qther aPeBsinE on
can b f

20 r RoSPAF TG B, 3 RGPS SRER, OB ONRIT PHURE .,
0 hydrogancganplgahedaprg devioaBl Hear digghy tie,acantweighe br par amiietontro[l&0107]
The control systemcan_adjust its gunp paranmeters based on the state of

r eact i(B1Fh aEgHCrecnllsr 38 B ICSIRE & Al corYet e RPREVHEHEY A @YBHiNat e t he
sane AlaeCla (HEIoPEPMAMRA mc0EE Rl «f I SEARARhARM, Lhe begi nni ng. The
mcro ontr Fler can use this system parameter to predict the reaction
characteristics enabling nore uniform hydrogen generation by adjusting

ot her uch as tf enperature ranges, pressure ranges, and

t he ardimt a¢ ' P& aqueous solution is added to the

reacti (59(‘)‘109‘]'3' S p'&ﬁ/ emﬁi@ﬁgﬁtw‘a{gh&@&%s@%sm@%&@n 1550 @RS WR &Heﬁﬁ&@aﬁiy in
Regar dl ess of the neasurenents used to determi ne the status of the
r eact ild@URAS15A and in detail in FIGURE 15B. The thin-walled reactor 1502 is stamped and

formed to include a lip 1553 around the canister cap 1555. A separate support piece 1557 is
placed on the underside of the lip 1553. The canister cap 1555 and support piece 1557 compress
the lip1553, facilitating a strong reactor 1502 while using a very thin walled canister that all can
be disassembled and re-used. The lip 1553 facilitates a mechanical connection to secure the
canister cap 1555 using a retaining ring without gluing or crimping. This provides the capability
of removing the canister cap 1555, servicing the reactor 1502 and cap 1555, then refilling and
reusing the reactor 1502 and cap 1555. Servicing the reactor 1502 and cap 1555 can include
replacing or refurbishing component pieces, such as separator membranes, filtration media, and
the like. Additionally, protective methods, such as encapsulation or other methods, can be used
to avoid tampering with the reactor and/or to provide reactor tampering detection.

[00110] FIGURE 15C shows a detailed drawing used in the manufacturing of such a thin-
walled vessel including the designed over-lip 1553. As also shown in FIGURE 15B, the over-lip

1553 can be omitted if other methods are used to attach the reactor cap 1555, such as crimp or

26



shown in FI GURE 2, display devices 218 may be used to nonitor and control

the reaction of the reactant fuel and the aqueous solution. Display device
218 can iwol2ooe118839LCD (1 i quid crystal display) or othercticspdiawss2so show
the determned force or weight of reaction and other operating or system

specific paraneters. An additional exanple display device 318 is shown in

FI GURE 3. For exanple, the display device 318 can display the actual

wei ght, or use a mcrocontroller (such as mcrocontroller 387 in FI GURE 3)
t 0 copherdn ippeotedlalhetmitghi sekbtorm 1 SaBgdl thd tapnl Y56 cae be dedgned to infiRimige t o

anot her neasure related to the status of the reaction. Single Conpartnent

React oYeight Ao maxroge sgqneth wale piaviding BrRevss! gprnecligndevicss (cdllsglévahy ehavahct or
1502 i ' i ' e The
s b S SR L S L b 1 L
t he calevistennttp likb55. A separate support piece 1557 is placed on the

under gj f the lip 1553. .T ister cap 1555 and s rt piece 1557
conpr 08fithe | 15y e haumir Pl FRY SelindReredcpite st Bre BBErRTa very
thi n wWaFliGIREM) kit @ictdnBi02ahdudlbolEr B Eassaih Bd4and wakr taedisoThankiep 1553
facilitates a nmechani cal connection to secure the canister cap 1555 using a

r et ai womeectipagmey cérdain cheaki vadyves and/ioi ngrinradly cldsed siptoff ddvest dreotherpletyices toy of
renovi ng.the canister cap,1555, servjcing the.reactor 1502 an 1555,
thon PRI il g hFlrabRPacTn am Sainblsrord e g 05 b8 B Ry e
react QhowP@PFEFURE3R. ThéRokdlly dieded dRutr &Py A6 BABOFanRfikdthllesihh g eadmonent
pi eces, such as separator nenbranes, filtration nmedia, and the |ike.

Addi L iogieitherthe pydosen exiel Tdtanas theswrspr ialet dptlapsstipaniin RIGHREIRE: Avet hods,
tanper i Eaeb BofiEa® 4 BB Mol o GRS I0R R 8

t he maingf3867 vr bng-mbldsdigdskat dohthawaifdce df vesastling svehpoaemd S8 hewkies kgiirhek

over-lip 1553. As al so shown in FI GURE 15B, the over-| i[f 1553 can be
omi t t S84 AEPIBIsHRPN HhstsHEace Hfrtae prElly slosed shif-afhwlyedtorA tlp swbss of such as

Crinp ol g%fr%‘ﬁﬂné}{?BB@?&éﬁésseJ&gthQ%EvQ%s%ﬁ{%H 9@4}%@\%{2?‘% gbﬂ?oncc%hﬁééé can be

desi gned nim ze wel'ght and naxi m ze stTengt provi di ng practical
conneohivers4déviides so proldeamtdper fiypidsdinuneladn te6h)opuehstas, tgupons3430 ut i on

i nputs, hydrogen gas. i ts and outputs,. el ectrical copnectign devices, and
the | Pk eact AL wliErHar 2ekoihel i Fiegreserba Callevabaigan- An

oper ati@iidhalb-ARONIs¥ hdh ARAATIE sda®, WiliERE p3 thed Vi RAE LOLMERD 2 nhiphAes bot h

a hydrogen exit 1544 and water inlet 1591. These
which significantly reduces the amount of normal air added to the hydrogen gas when being

connected and disconnected. The body of valve 3434 includes threads 3439 so the body may be
screwed into the canister cap 1555. The valve 3434 can be installed and held in place by many
other mechanisms such as by glue, press-fit, snap-ring, and the like.

[00112] The reactor shown includes integrated safety relief valves 1538 and 1588. The
safety relief valve 1538, 1588 can be implemented in alternative methods such as a one-time
controlled pressure relief burst point. In FIGURE 15B, one relief valve 1538 is used to vent
pressure through the filtration while another relief valve 1588 may be used to vent pressure prior
to filtration. In one implementation both valves 1538, 1588 are set to relieve at the same
pressure. In another implementation, the post filter valve 1538 is set to relieve at a lower
pressure than a pre-filter valve 1588. In the event of an unattended high pressure event, the
system will vent all of the high pressure hydrogen through a filtered output. The secondary
valve 1588 can also serve as a backup valve in the event of a high pressure event where the filter

is clogged. In another implementation, a dip tube 1543 is connected to the gas channel of the
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connections nmay contain check valves and/or normally closed shut-off

val ves, or other devices to regulate water and hydrogen flow. An exanple of
a nor el lwochmseads4shut - of f val ve 3434 is shown in Fl GURBC3AIS20i0@2920T mal | y
cl osed shut-off valve 3434 can be installed in the reactor on either the
hydrogen exit 1544 and/or the water inlet 1591 as shown in FIGURE 15B. A
mat i ng conponent 3535 shown in FIGJURE 35 is nounted on the control system
and has an oring 3537 or over-nol ded gasket on the surface of the mating
conpornelidf vad3 58vhnc tirdécddotbale batthnil epihe ssieisteod teheths watiseeifforédepsider mal |y
cl osed shut-off valve 3434. As the surface of mating conponent 3535

depr eslo¥d. dp avpesicpnhifais daplemsniptigndhe dipabs hiercap sPRtErPBPusSHtfr medfa dfal ve
3434 | des roY| T : U< e, the
apri o o A IRCE ¥ RRREN (ot AR Ty b i SRRRERBEALS: Lo
and alsblmvoh elpuiedtst o fl ow. An additional o-ring is used as a dynam c seal,

the. adERT or "ot ap T3 g B ER R bgu gad e ety K bifited and
di sconpesiagle. Thaebasty wafled @ib¥ 1383454 Nabutlgs shbk & addindhd feortiRg2 body may

be screwed into the canister cap 1555. The valve 3434 can be installed and
hel d itwbepl B0 drings demny wateh Sromrihe lsamiesofisreaaien] R aby infludes igegsed mprzles

Sar oty 78 1370 4Pt 1se Wil dhud PrrBRP InG R, PSR FRNBLEARES can

be i ngh@nepleacht] AnathtLfubal sy eismetiRexts! 5 dWedhplase & topiead 136 . CHK bk Il 8411
pressure relief burst point. In FIGJRE 15B, one relief valve 1538 is used

t o venweppsesauddhe HHeULTO 1tand spiays water agrosHing iltah bitde clean therfiliey|loel amB8 may
be us t._pr. | O filtrati jnmpl ement ati on both
val veggi‘&g@?ﬁj%gg%ugﬁz%xgef RE}%CJr uF&eSvsgl%]tOﬁtahgﬂéeaIJﬁgCt%{raZ%és}Ur e. In another

i mpl erfeokiad] i on,Ad diecupasitabbid vith ré@kd ® HIEIRE 3, séeieck @alveltha@\skowh i | ower
pressure than a pre-filter valve 1588. |In the event of an unattended high
pr essurgUsFeht cat Re piiret aning with errate)linedr thegadiorghOgr es<igraithg dbetfen

thr oughe &bk b1iGE 85h BUIRAE inTHhE c§&?&@g§’c&%, ¥athy Ral@PP5620; H SR SHAG @S a
backup valve I1n the event of a high pressure event ere the filter is

cl oggeumpkd o diehreactomifiO2 ieotgh therprevaowhl pddsabeedl G48r ngwodnnech wllogem t he gas
channel . of therelli val ve 1588, direcied to the bottom of the canister
o vertit He TERHra0s M EERsEBanis 1oy HahbBhot s PEPE PO i ched

i mpl enaReahdiQRowh REFREOREUBS adlwéB. AR TGO PIVIVRAROHPAbbdd &F oXBAk Bhk t he
top, bottom or both to selectively vent hydrogen versus sodiumsilicate or
ot her valygsouslse b ladated iekhermontrgl system (shown in FIGURE 3 as reference numeral 303),

in the reactor 1502, or in both. In systems utilizing more than a single reactor 1502, a check

valve is used for each of the hydrogen exit lines from each reactor. Also, independent pressure
transducers can be used to measure each reactor pressure separately, and the independent
pressure transducers are then connected to the hydrogen exit lines either in the reactors or in the
control system but prior to at least one check valve or other downstream isolation mechanism.
Check valves can be used to prevent one reactor from back-pressuring another. Other
components, such as normally closed valves or flow control regulators, can be used to
accomplish similar results.

[00115] As described above with regard to FIGURE 3, hydrogen gas can pass directly out
of reactor 302. In another implementation, the hydrogen gas can first pass through a high purity
contamination filter. Similarly, as shown again in FIGURE 3, the hydrogen output can be

bubbled through a water tank/condenser, such as the original water tank 314 or a separate water
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[00113] The cap 1555 includes an RFID chip 1522, such as an Atnel TK5551
RFID chip, for exanple. Three thin-walled tubes 1539, 1541, 1543 are shown
wi t hi n t wonenctiag491502. One tube 1539 brings down wat erclrruspomhes2sent er of
reactor 1502 and includes integrated nozzles 1549a, 1549b, 1549c to direct
water flow to the areas of the reactor 1502 in which the reactant fuel is
present. Another tube 1541 is horizontal to the plane of top cap 1561. This
tube 1541 sweeps around the filter 1561 and sprays water across the filter
1561 ttanke|BaNsdrs th cdidehselwmde @anchint of fvatet hgyor ahé to @datre ssmb ainvesroft he
aqueous solution and the reactant fuel, [00114] As di scussed above with

r egar PV RERIRECH AMNINEIRI 12 REPIEHHE Ishe RRPPHeNYSIREENIEY: can be pl aced in
line w he By b B1e, j he check
AL L M T L A T R AT S T

bot h. pdésed throeghpafipebighmpatyt fikkerr3e8c tfoe whisd 2artkildwgh indheleprdditives &dryjow

described water network. hydr ogen i.ts the reactor 1502 via hydrogen
o ¢ TR ORI g AR U palL it SRS ShenG i B hown

in Fl GREnddk ofFl, ‘ﬁ?clducede‘% floaghgat Q%@&Wﬁiﬂhﬁ%r,wgﬁwﬁl@pﬂﬁ%ap Hddatite Gheck

valve can also be located in the control system (shown in FIGJRE 3 as

r ef er shergen theemaphydd:a) propertichef the agaons $@0ton. droriepamplehthe Ithermpgh el
utilizi,ng nore .than.,a .single reactor 1502, .,a check valve js used for,each
ot t naoRSF BhEs DR 1R FhBd G RREL B reF R 0F PARES b s p Rl
t r ans dike e Farthé@NthbdUiEieE td Be ABHUE Sol@aScAnEiaclieE mpXteRSs Of & Vﬁﬁ‘@ﬂbﬂﬂﬂfeﬁmt and

t he i ndependent pressure transducers are then connected to the hydrogen

exit l|apgiEgeseither in the reactors or in the control systembut prior to at

| east é@6ﬁ7§he‘3“30¥@e' AddicRles 951{‘%&11?%}!‘%?& £&ﬁ%ﬁ§{é§§?&?% oy o%é&%ﬁfﬁ&&eﬂl&%%@val ves

can be used to prevent one reac rom pressur t
conporne feaddiivelitseals cmosened doydodl ydsed dsiy ah wesdoseldpkdwilaenSitd)) preiguddihaks, can
be used to acconplish simlar results. [00115] As descri bed above with

r egar dea°HOR| BYRIEESN SRy §eas iy 92 cam b diected oaniadyedistiiliss 39 babth6sss®we2. In

anot thanLdHeE%Uaﬁtbie%Qedl &Hﬁez@ﬂ&raﬁﬁ?ﬁgﬁé tlﬁalﬂegshlre%f tl%?ﬁir&éynl ghag high

purity contamnation filter. Simla as shown again in F RE 3, the
hydr oggneans ffittat 3Elan ubal foyteifioad hytrobysioreanyategelopahilaoodng grarticaintds, asl t he

ori 01 1cL 081 S o0k, 214,008 SR SLE L RLLADk  ThL o, ST sR Lo eanfonee
CorL LRI SOP AR P L A48, i e ignen Spd O
be hydrogen gas output 365 and the SiO, can be pumped into the reactor 302 with the remaining
water through valves 361, 324. The water tank 314 can be drained and cleaned as necessary. If
bubbling outputted hydrogen through water, the water tank 314 can also have a permeable
membrane 367 in the top to allow hydrogen to exit at hydrogen exit port 365, but not allow water
to exit in a severe tilt or flipped upside down situation. In one implementation, the water lid 363
has a cap contact sensor 311 or other detector that notifies the micro-controller 387 once the
water lid 363 is fully closed. In one implementation, the microcontroller 387 can turn off an
output valve 362 before the water tank 314 to let the reactor(s) stay pressurized while more water
is added.
[00118] In other examples, an output valve 366 can be placed after the exit of the water
tank 314 and the fine filter 367. This output valve 366 is can be controlled by the micro-
controller 387 to start the reaction and allow the pressure to build to an appropriate level to

supply the outputted hydrogen gas to an end application, such as a cell phone, a laptop computer,

a residential electrical grid, and the like. Another example includes a separate relief valve 368 or
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passed through a fine high purity filter 369. The water tank 314 can

i nclude additives for |ow tenperature operation or for other purposes.

Addi t i veswoanio/mnedsade a coreactant that increases the amouns2@io/o0biR2s7
produced, a flocculant, a corrosion inhibitor, or a thernophysical additive
t hat changes thernophysical properties of the aqueous solution. For

exanpl e, the thernophysical additive can change the tenperature range of
reaction, the pressure range of the reaction, and the like. Further, the
addi t iavdedder vdiee @quegaite SPdtethiod Any afppedaide didcubiedadond, aduitledriefnyiplef
different addjtivyes. [00117] Sone additives can facilitate |ess

cont arfiadss gritlien Sbheuttptieteanssy aF Sy iivisnn loe vhdhaaupr REresesdint can
ser ve d QufpriMMRUN SpaiANoARGuEENRRS Ssilchipe (SIH ) produced in the

reaction. "Hydrogen g rom reactor n be directed to an agueous
filtef0®H?] A pkreslsureeamplarsdictrde3ditingaall bateuSen tatored@2uheugnd r egul at e

the pressyre of the hydroge as., An ueous filter 351 is used to perform
hydr OIGETE o) EhRaa o aelioodiiy ephebrrls BRbeeS wiE Ceituhee

vat er @ hioR8cdhidFyRetbi QiR ChaBb&eBMas hifeBEp8Y 6Nits Rhy by the dattdrS00for
silane, a small ambunt of Si O and hydrogen woul d be generated. The produced

hydr ogéth indepebdenisentrélrio thesschgrdiangeomiyadicnchpuobe3y . did se¢rmdSiya2 can be

punped into. .the reac 302 with the reminin ter thr h yval ves 1,
Do FRERRIRP SRR 35k <R Sl Tl Rame PR ! HeBURE G i 55
bubbl iingrdet tdiintiegst Mbr dgLMainthO teaibevilielof tHeh@cwRiaBl cHaaibér ildkd&ad al so have
a perneabl e nenbrane 367 in the top to allow hydrogen to exit at hydrogen

exit peikitaedydradytis past/orfiillrgtipraanush ap gheainpk cangropgwaepiey sled with rggar [t fsed

upsi d i I.; one inplenmentation, the water |lid 363 has a cap
cont ag%a%go\gr?g%ragg%fhggd%thrﬁ%g'r detector that notifies the mcro-controller 387

once the water lid 363 is fully closed. In one inplenentation, the
m crocontroller 387 can turn off an output valve 362 before the water tank
314 t 10 1 £C pressurized while nore water is added.

[ 00118hod2) Ot hep b@?h%ﬂﬁﬁl@émmﬁd}trﬁé{&E’éHcto}f@Lﬁ’cPthé&ﬁreS&Brs%tlpéd%l‘?tﬁﬂlaﬁf ter the exit

of the water tank 314 and the fine filter 367. This output valve 366 is can

be corbpmphitedntsyadditenai dedricad wommictiens 38 betnmdstta ptovidesaddamatinfonmanieh @lal ow
the pressure to build tpo an appropriate |level .1o supply the outputted

hydr Oder! 1BREIPS ey BB ITERPR Opt (e geHeBePer B PRBRSHe, Fo4 eRpRSS"
CONMPUIRGURE 3. 8abfRnkl ﬁ%naﬁ&&ﬁﬂééﬁ&ﬁl(eﬂfelf liire@ 8 whiRe:sb) d48 be ANRIE MM R%S0P! €

i ncludes a separate relief valve 368 ora bl eeder valve to purge the system

of any0R rapperirdisystetag0d s eansrob dleetivenies 38§ th pravids cankighgd vaces and display
devices measurement data with which to monitor and display system specific parameters.
[00121] For example, one or more read/write RFID devices can be used to assess the state
of the reaction by storing and reporting system specific parameters. For example,
microcontroller 387 can write data indicative of the amount of water pumped into the reactor 302
to an RFID device 333, which could be placed in a cap of reactor 302. Based on the amount of
measured water known to be inserted into the reactor 302 and with other measurements such as
pressure and temperature measurements, the state-of-reaction can be determined by the system
300. Similarly, additional RFID devices 381, 382, 334 can be incorporated throughout the
reactor 302 and control system 303 to provide and store system information to and from
microcontroller 387. For example, each RFID device can include information such as a serial
number, an amount of water inserted into the reactor, the total allowable amount of water that
can be inserted into the reactor, the pressure in the reactor, the pressure in the water container

and elsewhere in the system. The pressure measurements, temperature measurements, amounts
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includes a filter 369, such as a condenser or desiccant filter, in line
with the output hydrogen line to support particular application

requi r emewo0ag11agapl i cabl e. [00119] Anot her exanpl e canpcmaisaaie/oeest i ng al
water fromreactor 302 through a secondary conbi nati on chanber 351

Addi tional ly, another exanple includes punping input water into secondary
conbi nati on chanber 351 as a direct pass on its way to the reactor 302 or
wi th i ndependent control to the secondary conbi nati on chanber 351. The

S econ@d fnated Cdnidi diledris@stedvhniaeteridct ic & R Dcduvideedart theh be ubdieo riglermpithol
system including thermster 328 in order to increase and/or maintain the
t enpe rsgﬁtwfeth%feaf%@l- seablRy picseronpralien 337 spa stite pthenysiem BIBMAGEY PSS

and/ ory, § g%%f gge}v 1ocgy,§§a&§%g§@d?§\%%ﬁg9&{ce  AADARE B @Eré"‘iotIQFﬂf&Wi%ét o the

react or esc ronal” Electrical Connections 0120]

| n bot333s33gBel,38Apad bthenRFi2 detiorsshardn bh pkeed sawhopbsysieth3@id di teacoal
conpa%bzen&%gAﬁggitional.eI ct.rical connections can be nade to provide
addi t i°0n P HBPRERPbHe fgcon deYiceSegar ding the status of the reaction and the
syst enpeReti f i ARRGHIRY ELSRFITPieveeAmBI Sholi sEb&?aBléo 3an BAHitdJrAB@Ints trignal
connections (either wwired or wireless) can be made fromreactor 302 and

cont r atacty 0 e BABidedncamtery shanggeraent byiied vidgally Weptifyirigdbe ontor 302.dENis ces

and displ a vi ces neasurenment data with ich.to nonitor and di.splay

ayst et CEEET RS oERE IO o) Rudlet Bt bf Leih @ dRElet S Ui by Y e

RFI D dexjus&sorciith BRiI1ESE bt b caffi Snckibes. ThaREFIDIdel Res éawhimimilite i@ ng and
reporting system specific paranmeters. For exanple, mcrocontroller 387 can

wr i t e t@asRenHefcAng A v phiganspenders Brt cRabems tipletlecatings r&ict or 302 to
an RFI i i N reac ased on
t he aﬁgﬁrﬂﬁ l\ébﬁ&nségsdtf r %\%H\C/\%tuceégdj étgaoé\%gtoﬁo&gg&aﬁgréﬁ% %%Qtlog{ B pt%ﬁteotf%[é élcst%éa)irblgoz and
W t h dinber aneasid-iedé \csie lquaiy poessulekavict, anjpenhadrican belsate¢irent s, the
state-of-reaction_can be determ ned by the system 300. Simlarly,

addi t i"RHER PRFETE B ivEe 4 Bg icldzghhe misdHINGET FHE PGP 2MeHMOSRT SERFFVIAC t he
r eact QueZ ARMcAPLLAL, o RURIRA ATl s BROY AReARA AEOLRSYST em | N or mat i on

t
to and"from m crocontrol | er "387. For “exanpl e, each RFP% devi ce can include
informati on such as a serial nunmber, an anmpbunt of water inserted into the

reactqj, .the total allowable anount of water that can be inserted into the
react3&§ﬂ¥$gb¥ﬂﬁﬁﬂﬁﬁkﬁﬁﬁ¥ﬂﬂhe reactor, the pressure in the water container
[00123] An example of a passive architecture reactor system 1600 is shown in FIGURE 16.
“Passive architecture” refers to the lack of an electrical pump to initiate the reaction. Passive
architecture systems are often suitable for low output systems. With this architecture, overhead
operations can be minimized. For example, components of low output systems can often be
combined into smaller numbers of physical packages, and other components can be eliminated
altogether. For example, the fan and pump of a reactor system can be eliminated for a low-
power system such as a cell phone or a cell phone recharger and other applications where low
power is required and both the volume and cost must be minimized. A simplified architecture of
a pump-less system for sodium silicide based (or other aqueous reactive material) hydrogen
generation is shown in FIGURE 16. The water tank 1614 is initially pressurized by either
connecting a pressurized source 1616 or a pump. Water is then fed through the water supply line
1690 which can also include a flow-limiter 1624. The flow-limiter 1624 can be an active
component, such as a valve, or a passive component, such as an orifice. Alternatively, gravity
itself may provide the initial force to move water through the water supply line 1690. As the

initial water enters the reactor 1602 and combines with the sodium silicide 1601, hydrogen 1634
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and el sewhere in the system The pressure neasurenents, tenperature

measur enent s, anountsof water, and ot her system characteristics in the RFID
devi ces ocwo 20feen4dae used to determne the state of the peaaisc@n/o028sm | arly,
m crocontroller 387 can wite other system paraneters, such as the water

fl ow vel ocity, amount of hydrogen produced, and other paranmeters to RFID
devi ces 333, 334, 381, 382 and other RFID devices that can be placed in
control system 303, in reactor 302 and throughout the reaction devices.

[ 001224 gdelitéd araadreates Wrrddeh Prabevie c@hich i tush eaaprespiaéathe wajer applpe684
integrated intq the reactor 302 to provide inventory rranagl;errent by

i ndi viVeRiEgrRrEssPEeroniipe 1§48 n&he Bigetust At3bohydrpgen GuRytdeoe 3T gEop s diydrogen

separ | i idal i in
con; URSETBAS B o B S R RO BRI, B o R e Can
commurwatattenkM 14 isntarmmsqbdcketo thndieok valvauaber Tiof ctentes o porscae diffdretiatan be

used in multiple |lacatjons. F exampl e, transponders can sed at a

aet o e R erasine e ariar oot S By A SREERTRE s Fittn 160! 35S R

hand- heddudeNdieRed, Me BHALY ko PRAGIIO balahdek SWARE stopt BRIPAAARSW. FRW-R&itkocat ed
in mating hardware for use in the field. The mating hardware can include a

hydr odéa4 gamles asteil dmcenxll dre rag of reiterdeput ta yeactoml 6@2. Cotlipivets epesnematyst em  or

pasc vaU s Bl e ARt ar A5 st SROD RS ERBM T e e BRI P

ar chi tyafithiEild peERiS1ytioad B Jo3ttive BedbilcleliRBtion, @ad tHUBRtol wdlld badue t he
reaction. Passive architecture systens are often suitable for |ow output

syst ePEematpiely.t hi s architecture, overhead operations can be nininized. For
exanpl npo . . oy '

S PAATIROR SR QUL BUSVERE cGACPIS 3R MAARITUCR ke

el i m nat4dr ardeehbeer exFopoiax@mng 8, thé tup) barheaatk poirfpwiadn awhteapickupdingt em

can be elimnated for_a | owpower system such as a cell phone or a cell
phone 1} BE€H&RYeroundn BIGERES )| Pty or siPhAYPS Watsh fsrdvigrchpaisme g #lédPand bot h

the vohTo el ifoHe Ui eafPhali i Rtinf o iRk it flelisect ure of a

punp-1l ess system for “sodi ui'ci de based (or other aqueous reactive
mat er i[60D25hy dr ddernrdeteetuat ofahe losv sitpwneaatorsly@eiRE GD6.is itleerpaattat intcank 1614 i s

oump. o Feciphiene v Rb sl TRE Ve ek 07 e B s inl Ber AR 81 <o
i ncl udgesktdd @umbeim 128" THE 2éactoMRBarthbQV¥7RD Bhit Biclubie 2 AndlE 738 wattwieh to
conmponent, such as a valve, or a passive conponent, such as an orifice.
Al t er santainethg reagiaat/fuel 1701 and provide an escape path for generated hydrogen gas. The
reaction chamber 1722 can be either a rigid chamber or a flexible chamber. The reaction
chamber 1722 can have membranes 1733 in multiple locations to enable the reaction chamber
1722 to be oriented in any number of directions. Surrounding the reactor chamber 1722 is the
pressurized hydrogen gas 1788 within the outer hydrogen chamber 1793, which flows out the
output valve 1766 as required by the particular application. As was the case with the general low
output reactor system 1600 is shown in FIGURE 16, water 1734 is supplied to reactor 1702
through a water supply line 1790. Water 1734 can be provided to the system by water
displacement pump 1716 or by an external water source through water fill port 1717. Water re-
pressurization is effected by water re-pressurization valve 1777. In this fashion, low output
reactor system 1700 can provide hydrogen gas to an end application.
[00126] The reactor chamber 1722 can be fed with multiple water feed mechanisms. For

example, a small pump can be integrated within the reactor 1702 to provide a fully disposable

reactor with a reactor chamber, water, and pumping system. This pump can also be separated
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itself may provide the initial force to nove water through the water supply
line 1690. As the initial water enters the reactor 1602 and conbines with

t he sodi wouiozilags#91601, hydrogen 1634i s generated and ecgAtsesiohysDgen
pressure, which in turn re-pressurizes the water supply 1684 via
re-pressurization line 1643. The pressure at the hydrogen output 1666 w ||
drop as hydrogen begins to flow out of the system and back to water tank
1614. However, the pressure at the water tank 1614 is maintained due to the
check fhmh e rd&tor, Oiftl amipRaifassystereisls usepatité pempid a @ringrdrivengysimne wat er
into the reactor 1602 whi ch then re-pressurizes the system 1600. As the

pr essdhewp HEFKHLRE 18 the tot al system pressure bal ances, which stops the

wat er rhom F %’(}%?2183 N1ubB2ds &g;ﬂ x%f‘dr}{z%ﬁ‘i‘eafcﬁar%g?&&ﬁquO%Qﬁthra%tiﬁteg%téﬂat er

i nput 'to reactor hervvl S xcess wat er” coul e 1 nsert into the
react Cﬂeacll(ﬁ@BaﬂnbérO]l’S@ZI Wetehglqbpt;gléh 4parels‘unpitpgystead 18262 The raletoe[18Q2 cashi ch

coul d ote ly | ead osi ti f eedback sit t he reaction
Coul o BRaEra wien Saryte? (Bl bl s i I GE 23D o
from gpfihedriidieeRabt sc%rt‘eﬁi( ink oﬁﬁt’?és%rsphﬁg‘ kg3 6didt Alshed6PH Q'[Hlﬁ’g"ﬁfst?oﬁrl 88Xhhd POi nt

(such as the top) on"the tank 1614 when a water pick-up line is used (not
shown appligs| pBIRETCL6 R W@T@hhmberolr84éllphbdlnlggVaﬁat‘%PPIB’el@dMnédﬁamalrm can al so be

ML S R e R R S R e et

i ncor peft@iRklasidherd, KeNoRk ectre)tﬁe@@ﬁﬁ@ﬁreaﬂsae pR)vYdelh Okt nheht FWhehREiflefentibne
reactor 1702 includes reactant fuel 1701 in a reactor chanber 1722. The

r eact G¥eSeHEnbaPlied aorossaficinn dn theecapepior spieg. a 733 platfarmaieaH 86 beabb @i n t he

react %gh aI:tL{glth é‘%%é%@%g éﬁﬁlléggf%ﬁQO% fiRfee Hl%tfgrca %R/%Iga n%‘%gt@} Erga h%ﬁﬁ?@ﬁ{\ggas

The reaC|onc ee| er ari
chanben.cxdiplerof a@ptlmg]dﬁmr‘[’ﬁm’torlsK/BtErrCtamt ik &\tﬁlcaﬁdﬁma asgle/BRlyi packaget2100 &
| ocations to enable the reaction chanmber 1722 to be oriented in _an nunber

of di PBRYR sremagea boigddPhRE heandricesrlly Habe Ry 224 28d 2Re FH R ERY
hydr oggg g %?ov}geB fm(feﬁ vl tﬂ@%ﬁfng%@ﬁ) aebtof Q?s’i@ﬁ fin 4 zlﬁgl’e B@ﬁ}r gaclga oWs O ut

the output 'valve 1766 as requir y the particular applicat was the
case wloh t he general | ow out put reactor system 1600 is shown in FI GURE 16,

vat or 196381 2., WibFhie AU R 100 dydpure Bk Eobp et R bk it 1716 or
by an cﬁ%ﬂﬁé’rn@lﬁll V‘@ﬁt@f is $1§}Uc'§t€@1ﬁft$‘ Uk tehembel 18020 Plyidrdebh {s gMBEREd as water
repressurization is effected by water re-pressuri Zation vaI ve 1777. In this
f ashi santagtewhcogaqsytt fuel material. As hydrogen is generated, this creates pressure in the reactor

chamber 1802, which stops the inlet of water. In this implementation, the water feed mechanism

is orientation-independent. In the reactor system 1800 of FIGURE 18, the reactor chamber 1802

is not orientation-independent, because aqueous solution could block the filter 1890, not

allowing the hydrogen to pass thru when the system 1800 is upside down. To compensate for

this, a reactor membrane system, such as the reactor chamber with membranes shown as

reference numeral 1722 in FIGURE 17, can be implemented with multiple pickups.

Additionally, a check valve 1824 can be placed between the water feed 1814 and the reactor

chamber 1802. Without such a hydrogen delivery system, hydrogen pressure pushes pack on the

spring 1821 with excessive pressure, which in turn injects excessive water. The lack of a check

valve could create an oscillatory system. For example, FIGURE 19 shows an example pressure

response over time in a system without a check valve. As shown by the graph in FIGURE 19, an

oscillatory pressure response is evident when pressure equalization means, such as a check valve,

is not incorporated into the system.
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reactor system 1700 can provi de hydrogen gas to an end application. [00126]
The reactor chanber 1722 can be fed with nultiple water feed nechani sns.

For exanpWwe,2om/aumsbl punp can be integrated within the Prexases10b70Q27t o
provide a fully disposable reactor with a reactor chanber, water, and
punpi ng system This punp can al so be separatedfromthe reactor. One
exanple of a systemw th a separate punp is a spring driven system shown in
FIGURE 18. [00127] FIGURE 18 illustrates a spring driven reactor system
1800 \WOT29%n | mhegit@dseFIGERE 20 siehanpekahfRIressateatsppuppdyer liik4n agngem
"punph@grsystenf 1820._The reactor 1802 can also include a water spreader

(di scuéilEaepahed valvh TherRipsHicgesrongs mURE U 20 dpes nok spbit a8 gpsilygor i ven

react tem: r i / sliding piston
1831 AL Gl S B o AR e g vt o1 Supply

1814. [0QIS0] i onals dlspdhemmnn AGURE 2 pan alisd fdeek enthe dbygdning of thetirbdatioent  pi st on
alternati ves, such as flexible terjal, el 0 s, bellows, ar other

St 1 UCEGPES o1 AT SURAR YA AnHREIHER (e EoFPEr SO FAFSiSPBLS dREP e ds Pt fod
acr 0ssyddiew trlchf, §a88arte iflcSNeiNE cre@teRbine RhAL Ak helea ot8Rh can be in
contact with the edge of the spring 1821 to distribute the force over a

gr eat @ransieesdhydpgdh gemmatidnyto fagiliasesipl eellotack pypging gFarexemnler maasidgiongy gheem

that is fabric d into si ngle bod ackage 2100 is own schenati cal

e e SRR et MoD g R B B e s S D e o

provi dgprxhedading enseoflow Nigniepr DRFnE R irdt@dit, HRAGE @ taSACHE ﬁymﬂo%erﬁpl‘éhsﬂl@é e body
g

package 2100. [00%28] Returning to FIGURE 18, as the sprin 821 devel ops
pr ess A drap tp geeiploat vadyra gsating guinjecign of wiater thaf eeuldsespliina {5ge reaetiqnor

ch a”b%gllk%8 %szﬂ%\b%ﬂ{l{ég %ﬂlclién gsle! @E%go%%edvmgoethe %&E %f’s&r?buttllaﬁ fﬁl?c%[%h %(pkrefv !
mat eri-al . ydrogen I'S gener at ed, i's creates pressure in the reactor
chanbsuchl@D&fecohThdusstadpshediefatititets whr va@isent plepsuiddseratioal S iaidedmy t he

wat er feed nechanismis orientation-independent. In the reactor system 1800

of FI Qrgpring depigp PEIcE PsehaddRblr thegtheck ¥aligteagys e 2eq bhuseddrisBatiant

becausg,@iuefiS s Cans aldliglebl ock the filter 1890, not allow ng the
hydrogen to pass thru when the system 1800 is upsi de down. To conpensate

for tH0G131% redo tlwpmmalahﬁemtrworsyﬂﬁnashdz Weter eeddimg mhmmepumn ¢an

e O e G ST AP e 0,0 GBS Do By pherert o

bet wegprchkg 2485 84in &£ SmdBdthnRRd thdesyIe@RAIPHistribution holes 2513. The water
distribution system can also incorporate a network of holes in a silicone tube 2555 as seen inside
the reactor cavity 2502. The hole spacing, sizing, and type variability has been described above
with regard to the nozzles. Additionally, the hole sizes in the silicone tube 2555 structures can
provide additional flexibility. As outlined above, small holes can be subject to clogging by the
generated reaction waste products, so the use of silicone tubing 2555 can allow for the pressure
to create a wider hole opening up around a clog and then forcing the blockage out of the hole.
Other water distribution mechanisms such as borosilicate fibers, for example, and other water
wicking materials can also be used to distribute water throughout the reaction area. These water
distribution techniques can be used with any type of pump or control system architecture.
[00132] As shown schematically in FIGURE 18, one example of a two-part reactor system
1800 includes the reactant fuel material 1834 in one primary component or container such as
reactor 1802, and the aqueous solution is initially within another primary component or
container, such as aqueous solution canister 1892. The reactor 1802 can be disposed of or

recycled once the reaction is complete, while the aqueous solution canister 1892is reusable and
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chanmber 1802. Wthout such a hydrogen delivery system hydrogen pressure
pushes pack on the spring 1821 with excessive pressure, which in turn

i njects ewoasmvmessat er. The |ack of a check val ve coul e#ctrusaiie/029257
oscillatory system For exanple, FIGJURE 19 shows an exanpl e pressure
response over tine in a systemw thout a check valve. As shown by the graph
in FIGURE 19, an oscillatory pressure response i s evident when pressure
equal i zati on nmeans, such as a check valve, is not incorporated into the
syst enefilkdI2By] a Liserc Thtdeas b, printaSJRm géhea BOMS2 A8 e R Be P i ERIcIOLaIESHONS €
over time in a systemutilizing a check valve. The pressure response in

I
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q : . ,
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danmpeneq using a water flow restrjgtor, or it can be jpnc sed to create a
momenCAFSPEER s SR ORISR AHoRrEPE AR o5 Er en LOB B AIRRY oS

faci I ichatRtddusgetk@!throf kR & kvaRi Qb \hive-Qhil8 % RBR:EL s ysBmAddl thQRell Qyddie, check
val ve 1824, a nmethod to slow the water flow during restarting condition can

be i npbewmereredd pwidngt, andvhe dike ¥ provides thietregchaeal iriggdity todwtdatht canikters in

i nst ant aneous .hydr.ogen pressur n drop to.a very.low val ue, creat.i,ng an
) ectTOn a0t e eren o Fudfifrorn e et el Myt SRt iE g,
I m t ghe EdnRG! §BRenE aa BEh-bdpaRIbRONAIE@ e BV bl fenpkesr di stribution function
to prevent such an effect. The use of a check facilitates near constant

pr essUPlFper atAbintefcesplae A eerngysidp i @preastpr d89.dn thedeerbsystpst he? sms f or
the c gﬁg}lﬁr Yngl%,]ogﬁ {’\%%Fl ﬁegfeﬁﬁgb%%oanpﬁh#ﬁggr fe%Hﬁ§9f‘§re%ﬁ§1?%}:e{d? Lhe\’(lﬁdeyfg%egr

regul a the e passive arc ure reactor
syst enalvetney mahRow hgdegeh pgsainel tddesletd thelkpriny 32, Hdigenfoeracadnpishagba
nunber. of techni ques. For exanple, as, shown in FI GURE 25, the water

spr ead@iluding Eagues ¢fe cheglhytlve i apentilled gpietiyalve ig4hg ntegfase viled Peth WA es

2513. at}é\%ﬁfenfihé&i[)f-l,qmﬂe(?ﬁ'teﬁx&_t\%Wegmélﬁo%Qnét ﬁi@@gﬁhefeﬁuﬁ%e‘ﬁgfa'& of holes

in a silicone tube 2555 as seen inside the react cavity 2502. The hol e
spaci depturss zamlgs, erapldyddytoepralabit abiclsetyovieasnbefethe dsgy; slnhchsabotvelling the r egar d

to the.nozzles, Additionally, the hole sizes in the sjlicone tybe 2555
St r U PTGl b B drtt shafermesioni hyt dbas ngia a8 s Ver s SR
hol es t&%gj@ﬁifﬁuﬁ}lﬁﬁﬂésshﬁzé‘dQgﬁ'hgélro ¥n tdie generated reaction waste products,
so the use of silicone tubing 2555 can allow for the pressure to create a

wi der [BA3d] opedilay RES 23-ddisltbvacxdnegje aprd comgandngs it thig systemamotsikzegéationt  of

the h%seshown in FIGURE 22B, a metal spring 2121 is employed in the water canister 2192 to
generate pressure and to provide a means for water to flow into the reactor canister. The metal
spring 2121 in this example is a tapered conical extension spring, but other spring types can also
be used, such as torsion, clock, inverted tapered conical, compression, and others. The spring
2121 can be mounted securely to the base 2170 of the canister 2192, and to a plunger 2172.
Furthermore, the spring 2121 is centered to prevent plunger yaw. The plunger 2172 shown in
FIGURE 22B has integrated features to guide and seal as the plunger 2172 slides, but other water
delivery designs can be used. For example, as discussed above, a different example can employ
a flexible “bag,” which delivers water under compression to a reactor.
[00135] A check valve 2162 and orifice 2164 (shown in FIGURE 23) are incorporated into
the water outlet between the water canister 2192 and powder (reactor) canister 2102. The check

valve 2162 serves to prevent hydrogen pressure from re-pressurizing the water canister 2192, and

thus prevents system instability. In other examples, the check valve 2162 can also seal upon
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O her water distribution nechanisns such as borosilicate fibers, for
exanpl e, and other water wi cking materials can also be used to distribute
wat er t hrwoghouti4d4he reacti on area. These water distri beCras2eeobnsyues can
be used with any type of punp or control systemarchitecture. [00132] As
shown schematically in FIGURE 18, one exanple of a two-part reactor system
1800 includes the reactant fuel material 1834 in one primary conponent or
cont ai ner such as reactor 1802, and the aqueous solution is initially

W t hi Rvadr@iahiRter/peac o discoFPOne Nih diiere@mhplenahe clfedk halas 2a6Riealdsselisid on
cani ster 1892. The reactor 1802 can be disposed of or recycled once the

r eact iPETFSTIE TeGrepIsetedPrestrier are draclopedin e §¥§Itfi5¥| bhe e%fr‘es%léf* Sf%@?f%hméusam e

andr ehiddiahleucife fapn10THES SHRPEF BE i EAIRANGRLSHA0R ccHIR2uA1EE ¢ o med

a "reactor and water Int eexarrp own 1 n FlGR a
conpl ahérdfaydxrogastegéhéz,an%n systemis nade up of two core corrponents a

react react or eous, sal ution cani sfer 1892., These two
Conar Whi3shet EREoTads HGRBES A B Bt bl Rt s the Toarer aid Ve
gener gt& by 9(91%@ a&%%par%l%e 'FBﬁ&iaYlﬁhé/ ;as Ao OISR HER Q@Qﬁh@exhﬂﬁ&e two

canisters 18 1892 can sinply be connected together through a water inlet
val ve,lnwwne@taaou emplayls aghendadh 10eking mefhpslisng 8666 t@;p@uplmth@@mmtereabm,

Gt scara” PR hiePL R AE v e TREORG A8y [ EhvbaabehiSneS e Tier

wat er jheeel SySd@ihaanch@ity de (W Witknfebd o OMhE Erefly SF BV 18&kiAg MRBha@PRiEDb] e
and/ or renovabl e conponent. [00133] An interface valve 1824 can reside in

t he r @athdie ta 8o agaipstiyperos bydiogen. apg {BODE ongrskelrtyphseplstaan bywead torseupleact or
1802 ed\arﬁtjéxeto"}@ﬁc%réaﬁﬁger%ﬁgﬁ re connected, the interface valve may not

al | ow rogen pressure to deflect the spring 1821. This can be
accorrm00153l7¢d byTherwhlutérsng thie@kampls acf baah dfie elallvdpreesude vasselong daktiesl on/ of f
valve in the interface valve 1824. In a separate jnplenentation, if the

i nt er eheve. yHiessactipn Lapigies caghe Gomakiicied Witk Raseesaitapian r%%is%}tataéerfaé%ﬂﬁh@ can
be enplgxpMiata aafn%m' atndrtﬁ‘é’ﬁﬁes TRV AT i s®r cEtlf'Se Sstl&ed %mlgﬁ et bol i ng

the piston assenbly w a screw drive or other nechanismth does not
al | owengiaeavatggyladtiesl §1ycsWelr¢r toidier andumvd ah&khﬂgyneprﬂlemsmnhzzt@de\xmtshvmguﬂaygen

gas. 1 FIL GURES 22-24 show ex conponents in this

o eI ARY SRS BT 4 QRO De, T gt 56 MR S 4 SeetIcabed i n
the Waier tHapRGSi& uséd Ierl ntBRTEr RABr RIFESS.UARRAGVAIP, (RE RUEQE cah dBR@RSaf OF
water to flow'into the reactor canister. The netal spring 2121 in this

exanplvelvesr atheapeckahisso wihech! stapstveateriftow wiplitheye isuser mtdragtiogp Exagptoyses can
al'so interactions include a physical switch or a valve actuated by a motion of inserting the canister
into fuel cell system assembly.

[00138] Additionally, the spring as part of the water feed system can be configured to be
outside the water as shown in the example of FIGURE 27 or inside the water as shown in
FIGURE 28. If the spring is located inside the water, corrosion inhibitors can be added to the
aqueous solution or the spring materials can be properly selected to limit corrosion.

[00139] As shown in the examples of FIGURES 29A and 29B, a number of different
configurations can be used to keep a near constant water pressure the entire time of water
insertion into the reactor. The springs can be selected so the actual travel distance is short in
relation to the total compression distance. One method to accomplish this is by using an inverted

conical spring as shown in FIGURES 29A and 29B. A long uncompressed spring 2921 can be
compressed and inverted (as shown in FIGURE 29B) so that it pulls down flat while still under
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be used, such as torsion, clock, inverted tapered conical, conpression, and
others. The spring 2121 can be nounted securely to the base 2170 of the
cani st er R02810/amdot o a plunger 2172. Furthernore, the ®pWUSgOIBL2DST S
centered to prevent plunger yaw. The plunger 2172 shown in FI GURE 22B has
integrated features to guide and seal as the plunger 2172 slides, but other
wat er delivery designs can be used. For exanple, as discussed above, a

di fferent exanple can enploy a flexible "bag," which delivers water under
conpr @s&kwn. MhisaenablacthersprihOdmpkesshorchgdcie @by midialwane stll pfdvakngthe4
(shown in FIGURE 23) are incorporated into the water outlet between the

wat er TEEHFAY d91C©192" and powder (reactor) canister 2102. The check val ve
2162 serves to prevent hydrogen pressure fromre-pressurizing the water

cani ster 2192, and thus prevents systeminstability. In other exanples, the
check Ydume QitSitlecativisl so seal uponwater cani ster/reactor disconnection. In
ot her 6 | es,, the check valve 2162 can &Jso reliegeép{essure Lglex essive
pressi re RS BHEINNCANLS eqdiedmtions tapareas smab 3 ylums HRostiBle Wi ¢

vat er ofll @\d RqtiR&l ¥ aachefuded A2nHuhé PEKREE idminfzehisetodidid gli&Ntrh 8he
pressures between the water and reactor canisters 2102, 2192. [00136] As

shown example GURES iIRBIGHARES B0A| and 30Betheirpgsit@mohinae BHHRsstartshdt sraalt tnotial yreadwat er

feed sub- le. | hown i n. Fl GURE 26,
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t he t WeaceRNohingd 3002%8dts 2l v Behpleoelistge. dDSdrgitge, @ikt $O720e susesh such
as a click to | ock mechanism or fine3blo-32) i nternal and externa

t hr eadi9s§apmihesedde exchppgairepepy volmpe 3p07 fudetetieedelipe Ry Hecdaingm do
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cani stoggchaniim} i snexgRahentatiah, detdystehi in deggicddoplia sl eesiseldsoea
descri bed above. The reaction canister can be constructed with base
cor r oSFGAUE 8PS PRSP Shreswate dalivaly MEERE DYissodd SHICUMINFRIHAY t he | ke.

The @it Rl g BRSO AP RKE UG STk A BRbBRYAL SR RUGLIRSI {00

pl asti cs. ni ster can have a | ocking nechani'smthat prevents
wat er thdtohe generatddieydoapen prasswe dpes whtsomnibeette theowateiedabivedy. prdtserd mckse g

nechanisn1can1be a nechaniﬁal Iathglﬁat reaﬂires userﬂkpéﬁbvenﬂéﬁtfor
vt er GOV EAPREF R BRIYOr 1T U4RT YpteE A NEEn BT a W e SRneTsp
mecham&Rhikth GRowh APBICEREBOB! AinWBitdd tapdi8d Sprink 3028Tis HYWAT Which QlowEFRMP! €
user interactions include a physical swtch or a valve actuated by a notion
of i ngelinimiagfiany thawptst &ed volume 3014 at conclusion of the reaction while still providing an

acceptable force as the spring assembly can compress to be near flat while still being in an

unrelaxed state. This approach uses a comparable piston (or other method), an aqueous solution

distribution network, an aqueous solution flow limiter, and an integrated check valve or

comparably functioned component (not shown). Mechanisms may be employed which

mechanically lock the spring in place or stop aqueous solution from flowing, such as a valve or

other mechanism. The aqueous solution may flow on the outside of the cartridge and can be

routed through the piston geometry. Valves, regulators, or other control components can be used

on the water feed line as well. Geometries and designs may be employed so that only force

applied by the spring creates water displacement. For example, mechanisms such as threaded

interfaces can be incorporated so that an instantaneous increase in hydrogen pressure does not

translate to an instantaneous increase in water pressure. Other features such as an expanding

bellows and others can be employed. Additionally, FIGURES 31-33 show a larger version of a

cartridge 3100 that can be used in systems such as fuel cells for laptop computer power.
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into fuel cell system assenbly. [00138] Additionally, the spring as part of
the water feed system can be configured to be outside the water as shown in
t he exanpwe 20fo/R¥SSWRE 27 or inside the water as shown i rCEFIUSREN028571f the
spring is located inside the water, corrosion inhibitors can be added to

t he aqueous solution or the spring materials can be properly selected to
limt corrosion. [00139] As shown in the exanples of FI GURES 29A and 29B, a
nunber of different configurations can be used to keep a near constant

wat er [p0RH$Ur e Hdvéngethti desctibedethe basiat@icepnsfahd ingentioit, @ willdersdet (pparehhe
springs can he selected so the actual travel distance is short in relatlon

to t héo fhesarkiiethisy e ait Gt HiesPergeds dofelefeishl eos BELYRHIA %pr??ﬁn?%bé/

usi ng I ong
ncomsy Bl YRR ISR nt M RIS TR SR %ﬁﬁﬁaﬁ"%ﬂsp | GURE
29B) srdlltohalr antl apruiintesdelbtorthbdeastkilleldiih éhesdtr, Ithoughdet qanwsllyrsmtedﬂhﬂrane ffabdees t he

sprin ession volune to m ni mal till ng the necessary
Fbr o0 GG Bite OB UGS o o) SSHENdp B geeRiet DPIELY uHIFGURGES ons

t hat Ql’i@s;ﬁl%t HABLOpoMRL VBN, PO&SI S aBly Whi Recitedl offer Bf‘? of:@sgh'l' R &7
included within the package to nlnlnlze user conplexities. n one exanpl e
shown smueﬁt@UREBe Beaoofalmnl@@ss lettehre or ethet dasignationsgh3o{dRe, 3¢ nottigtenddd todmhit

initi rows, over ne_as ueous sg ti.0 depl et ed. and dded to
the pa BRI FOR B Bl SR PERON RO S i o8 B PR NS AR, By
conpr egaatos isaifited MRy by iEfolldwRigsllAms 30d gk alshliteddtomechani smis used to
exchange reactor volune 3002 for water fee% vol unme 3014. The driving force
behind this can be a dynam ¢ punpi ng mechanism a spring driven nechani sm
or other mechanism 1In one inplenentation, the systemis designed so that
t he generated hydrogen pressure does not contribute to the water delivery
pressure by use of a screwdrive piston assenbly, expandi ng gasket, or the
i ke. I'n another inplenentation, the systemis designed so that the
generated hydrogen pressure does not contribute to the water delivery
pressure by use of a control valve or pressure regulator as part of the
wat er delivery system Wth the spring driven nmechani sm shown in Fl GURE
30B, an inverted tapered spring 3021 is shown which allows for mnimzation
of the water feed volune 3014 at conclusion of the reaction while stil
provi ding an acceptable force as the spring assenbly can conpress to be
near flat while still being in an
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unrel axed state. This approach uses a conparable piston (or other nethod),
an aqueous solution distribution network, an aqueous solution flowlimter,
and an i nvegnavradsseheck val ve or conparably functioned eorpspenin2{28Dt
shown). Mechani sns may be enpl oyed which nechanically lock the spring in
pl ace or stop aqueous solution fromflow ng, such as a valve or other
mechani sm The aqueous solution may flow on the outside of the cartridge
and can be routed through the piston geonetry. Valves, regulators, or other
control conmponents can be used on the water feed line as well. Geonetries
and dage@nsmB®inveatieR! oyed so that only force applied by the spring
creates water displacenent. For exanple, nechanisns such as threaded
interfaces can be incorporated so that an instantaneous increase in
hydr ogen prge nsl n |n neous increase in water
pr essar' e. é %rs%’enffor ﬁeer%&% %%en%?get;lg gﬁﬁgﬁl%lo%vs and ot hers can be
enpl oyed. Addidtoranédudiyig aEbEdBE&l&Jp&Barﬁdeaogearogaétp&mm on of a cartridge
3100 that can be used I n systens such as fuel cells for |aptop conputer
power . [ 00147Faq4 furh Mauil added tp reded®ie basi ¢ concept of the invention, it
will be ratRchuaRRasiEfbn hiuekos e Slutibf thildhil Afic & the Ikt 81 hAERAOHNG
detail ed discllosure 1s 1 ntended present y way of exanpl e only, and
i S notthd tepttbr togzendfate lodsogeh teas aibmstedlvmﬂle\lrlgnre@moutm@omaﬂ inclattriahs wi | |
occur and are intended to those skilled in the art, though not expressly
st at edPRES3EPR. These alterations, inprovenents, and rodi fi cations are
i ntended to be suggested hereby, and are within the spirit and scope of the
invention. Additionally, the recited order of processing elenents or
sequerices The sy$temws gelm‘rattngmmcgenlg@s ple¢lgim b,rwlaftrtierthqjescttgmtafueldn@eltiﬁer ef ore,
is not in ai ne esse any order except as can
bo S pdRTHSAt st e o it ARG Py SO STRGEF | on 1 51 mted oni'y. by
the follow ng clainms and eqU|vaIents thereto The clained invention is: 1. A
system for nerating hydrogen gas, the system conprising: a reactor
i ncl udi ng é[%s;éw@mmﬁ gﬁmﬂr@ttnadmdtfowncgaa()hglmg,e\ﬁhqyemlﬂeft agyeps sodutioadferthert f uel
mat er i ed t.0..th eqQus he sol ution
i nlet ? %ntpﬁg%oa(ratad? & t E%legtg(g%:rtg gf %té}‘?a (ﬁﬁé Oﬁeﬁﬁeﬁc%hgﬁgg@%gt C(?Héstl)ongener ate
hydr ogetiibigasa theriaephiyichEsidvive, h besehytlicdenmotitileethepeft to an industri al
application. 2. The system of generating hydrogen gas of claim1, wherein
the reactant fuel material includes at |east one of sodium suicide powder
or SOQLI. um SI‘h'e's?&erg%lf generating hydrogen gas of claim 1, wherein the reactant fuel material
further comprises an additive including at least one of a coreactant, a flocculant, a corrosion

inhibitor, a thermophysical additive, an acid, a base, or mixtures thereof.

5. The system of generating hydrogen gas of claim 1, wherein the reactant fuel material is

pre-added to the reactor prior to the aqueous solution.

6. The system of generating hydrogen gas of claim 1 further comprising:

a hydrogen separation membrane to filter the hydrogen gas generated.

7. The system of generating hydrogen gas of claim 1, wherein the industrial application is a

fuel cell.
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3. The system of generating hydrogen gas of claim1l, wherein the aqueous
solution further conprises an additive selected fromat | east one of a

cor eact anwo 2a10fl1ggagul ant, a corrosion inhibitor, a therrophysseioabezadditive,
a base, an acid or mxtures thereof. 4. The system of generating hydrogen
gas of claim1l, wherein the reactant fuel material further conprises an
additive including at | east one of a coreactant, a flocculant, a corrosion
i nhibitor, a thernophysical additive, an acid, a base, or m xtures thereof.
5. The system of generating hydrogen gas of claim11, wherein the reactant
fuel materi@k sifeR@postdfthd B ddRnl@a6t QhinP! F@hek otpasiagueous sol ution. 6.
The system of generating hydrogen gas of claim1 further conprising: a
hydr ogen sépganatiseintorpe e@atep residingwithinethp genreoyehhytisgaegre fepethe 7. The
syste f nerating hydrogen gas of claiml1l, wherein the industrial
applig%§¥§%gpg&§pP§EI cell.8. The system of generating hydrogen gas of
claim1 further conprising: a condenser to condense water residing within

t he generated hydro%en gas fromthe hydrogen outlet port. 9. The system of
gener & i ng THydydeaet garcrefingchysiregen speipt Haim & Supier SPHBFISIAE ext er nal  suppl y
source to i i ' I i rt. 10.
The. system ot sanby A EENEIS EOLUE LG Ok 1O 1 o T F it pBET:

| east one of a chemical filter, a desiccant filter, a coarse nedia filter
a drydqo. filThersysten ofl geReaithaiydré @aphoof dhiairD €lirthet tomphisingy st em of
generating hydrogen gas of claim1l further conprising: at |east one of a
pressure traa@w@élo,f a ghermaicplfiltajed @fé}ccantﬁym@g@ar%é%ﬁq?%@t@hééwevaltere,Or & fan,
a hea%e&%ﬁ&?ﬂ@%ﬁmxﬁ&nﬁ reactor cooling source. 12. The system of generating
hydr ogen gas o clarm L further conprising: a recapture container for
recycling reaction waste solution and returning the recycled reaction waste

solutign to the reactor. 13. The system of nerati ng .hydrogen of claim1,
wher eilf- t he P EXYEDOT BRI YeResh A e eat P{nglalm Y ¥ist PomprH I ports. 14. The

Z y ?r;[a ﬁ maIOf ALRALRNE 39 a PYAERG AN RIuc&! ’ikdllel vAIVE LNBursRARE RN AL vdIGASIFapNe Of
u

a heat exchanger, or a reactor cooling source.

12. The system of generating hydrogen gas of claim 1 further comprising:
a recapture container for recycling reaction waste solution and returning the recycled

reaction waste solution to the reactor.

13. The system of generating hydrogen of claim 1, wherein the reactor includes a plurality of

solution inlet ports.

14. The system of generating hydrogen of claim 1 further comprising at least one of a manual
pump, a battery powered pump, or an externally powered pump to add the aqueous solution to

the reactant fuel material in the reactor.

15. The system of generating hydrogen of claim 1, wherein the reactor is configured for at

least one of disposal, separability, or reuse.

16. The system of generating hydrogen of claim 1 further comprising an aqueous solution

container configured for at least one of refill or removal.
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punp, a battery powered punp, or an externally powered punp to add the
aqueous solution to the reactant fuel material in the reactor. 15. The
syst em ofwgoensy@atssmg hydrogen of claim 1, wherein the reattuseoios2aeenfi gured
for at | east one of disposal, separability, or reuse. 16. The system of
generating hydrogen of claim1l further conprising an aqueous sol ution
contai ner configured for at |east one of refill or renoval.17. The system
of generating hydrogen of claim1l1l, wherein the aqueous solution is at |east
one ofi7a cl@wisgabmfdflgt@iratig Bydpedehiot dlaghd, fvhbiledr the aqudode sgetier Btaetbast
hydrogen. 18. The system of generating hydrogen of claim1 further
conpr %8¢ /§ acﬁe%ﬁllfﬂé’lfloﬁgp?i‘él\‘i}ﬂ@@fﬂlﬁﬁr%ﬁf‘lﬁé’?n%%te(ﬂbé@t)g%he paraneter of the
reaction of the reactant fuel material and the aqueous solution in the
reactor, wherein the nonitoring device nonitors at | east one of tenperature
i n t hd8r eadihersystahed genaatingClondegehiof ictaym lpfuﬂhmubmpirimintghe reactor, wei ght of
reaction, anmount of un-reacted reactant fuel materi psed t| ne
rea%ﬂ%‘tﬂ%

reaction, AMBUHCTHE d5YGeHULORIIGE {9 U PREngtel £ i ttheorfea%talafefaﬁs

sol ut ioReRging t}ﬁcﬁgﬁgousQ,BIuﬁoﬁr?ﬁ(ih@%éﬁcmﬂéreﬂfth@%ﬁﬁﬁng@év'i’ée' Bbnitds Aaeadded
to the reactor. 1 he system of generating hydrogen of claim18 further

conpr iose ngterra)eraelacﬁlil tre reamtry electdeaticoaduativitl t messate ihelsteadne vwelght efrper at ur e,

N R e T T e e R

addi t iagi@us A6MAOH F1 e kdhciodhnhdunk BLaduR86d VlutionB¥mbl Aided oMAHhAiMuAHAdunt r om
the reactor, cooling the reactor, heati ng the reactor, mxing a conbination

of t hefpeurouaralutien @rbiegiddedhio thaeeagigieous sol ution, or bl eeding the react or
to decrease the pressure. 20. The system of gener ati ng hydrogen of claim 18
further conprising: a display device for displaying the at | east one

noni t aoed Pk apgé@of gbndriveng le@ieddeanf clim 18Fertisy sbaipricihggener ati ng hydr ogen
of claim1l, wherein the reactor 1s pre-pressurized to facilitate a rapid
r eactl on appFictianicentralidsyice toz@lter?h@a%t@@? hicatpeger destrenl KPRFHEIRY-of cl ai m

%Lﬂetéﬁvélglﬁq}fgéactlé &9 ?Eﬂf&‘rﬁlﬁg af Radt BRELY fd%dﬁﬁﬁh%ﬁfeﬁé’thﬁtym& r e a
rermv e Ca that t eact or the reno e Cap are reusa
A et h@&eoéac@@nmdchﬁg Etgilthmdtit alq}enugaﬂutlctdm theetehadr, canpvihg b mgiste product from

the reactor, cooling the reactor, heating the reactor, mixing a combination of the reactant material

and the aqueous solution, or bleeding the reactor to decrease the pressure.

20. The system of generating hydrogen of claim 18 further comprising:

a display device for displaying the at least one monitored parameter of the reaction.

21. The system of generating hydrogen of claim 1, wherein the reactor is pre-pressurized to

facilitate a rapid reaction application start.

22. The system of generating hydrogen of claim 1, wherein the reactor is configured to
receive and mechanically secure a removable cap such that the reactor and the removable cap are

reusable.

23. A method of generating hydrogen gas, the method comprising:
inserting a reactant material into a reactor;
adding an aqueous solution via a solution inlet fill port to the reactant material in the

reactor to generate hydrogen gas; and
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inserting a reactant material into a reactor; adding an aqgueous sol ution
via a solution inlet fill port to the reactant naterial in the reactor to
gener at e Wpdomgamssgas; androuting the generated hydrogercgas2610om25he
reactor via a hydrogen outlet port to an industrial application. 24. The
met hod of generating hydrogen gas of claim 23, wherein the reactant

mat eri al includes at | east one of sodium suicide powder or sodiumsilica
gel. 25. The nmethod of generating hydrogen gas of claim 23, wherein the
aqueous solrobitirgthé Yerddhaed BalPEdns@s fiin addedcorsisehedibgeh dutkipat td #ast one
of a coreactant, a flocculant, a corrosion inhibitor, a thernophysical

addi t iRstihapRlication, base, or ni xtures thereof. 26. The syst em of
generating hydrogen gas of claim 23, wherein the reactant fuel material
further conprises an additive including at | east one of a coreactant, a

f | occ@4ant ,Tha neohodsi geneiatihg bydrogen @astolﬁeraﬂmahywhﬁajn thelchattavematarialaci d, a
base, res thereof. 27. The Ocﬁiiajof eneratl ng hydrogen gas of

cl ai mﬂzcéuci%@f att o ‘?Cg‘ilrﬁgi“cﬂql%oé‘f chgr t I@é&?@?aﬁved hydrogen gas with a
hydr ogen separation nenbrane. 28. The nethod of generating hydrogen gas of
claim 23, wherein the industrial application is a fuel cell. 29. The nethod
of genér at ilhg ntwhtvdygf@@nglaén@hyctrbgftmgaz 3f fclau'tmtiér wh@njmrths pqQUEyouse miutmfiungen/vat er

fromthe generat net h eneratin dr ogen of
cl o meag R nRH S RSP Bt a5 et BTl R A WBCERE <o | cast one
of th@nﬁlﬁﬁ&{,ﬁ)fhe@fho%lgléﬁ BAdditBRaR hdig, aCISH@é Arigkeurdlthertbe met hod of generating
hydr ogen of claim wher ei n addi ng t he aqueous solution to the reactant

material in the reactor is perforned using a plurality of solution inlets.
32. TRé. netﬂh@dy@émgégem@iaﬁngjlydmeog@mowlai@i a3, rwlﬁezqin\thealeedtantefuldinwgemdie

aqueosso utian to t terial |nth perforrred usi ng
o 4TS tps A SO B ot St B oo 2 ARG ke S el 1y

povver Qﬁhll@i!dcﬂ’pa drmdpieysival fmstivef aieAgrA8ds8or hyidie@aRe0éf. Cl ai m 23, wherein the

aqueous solution is at |east one of a chemcal filter or a particulate

filter for the generated hydrogen 34. The nethod of generating hydrogen of
cl ai m223 f Uihemegthabefgensiiatigg hmrsg@sgaﬂg)fatalrhéé§tlrthme:omarlslngter of the

reaction Offlltteplgg Eh%ag%%grgEedr};a%?orgleg Iga‘sa W htar}]lej\/draé%en separatlon membrane.

28. The method of generating hydrogen gas of claim 23, wherein the industrial application is

a fuel cell.

29. The method of generating hydrogen gas of claim 23 further comprising:

condensing water from the generated hydrogen gas.

30. The method of generating hydrogen of claim 29 further comprising:

recycling the condensed water to at least one of the reactor or a water recapture container.

31. The method of generating hydrogen of claim 23, wherein adding the aqueous solution to

the reactant material in the reactor is performed using a plurality of solution inlets.

32. The method of generating hydrogen of claim 23, wherein adding the aqueous solution to
the reactant material in the reactor is performed using at least one of a manual pump, a battery

powered pump, or an externally powered pump.
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solution in the reactor, wherein the assessnent includes nonitoring at

| east one of tenperature in the reactor, electrical conductivity, pressure
in the resotory1ivmpght of reaction, anount of unreactedpceast@ot29rat eri al

el apsed tinme of reaction, anount of aqueous solution in the reactor, or a
maxi mum anount of aqueous solution to be added to the reactor. 35. The

nmet hod of generating hydrogen of claim 34 further conprising: controlling a
reaction created by the conbination of the reactant material and the
aqueous solution in the reactor when the at |east one of tenperature,

el ectrical conductivity, pressure, weight of reaction, anount of un-reacted

react adt neterehod & sepgiating hydroggn ‘Pféé%}m Th wharei e agheoy§ seistisn saitiason i n
the 1eacten ch@hic ﬁi?@f i ghm negétfﬂ?é} f@rotﬂggs\\ﬁerﬁg& H%&Bg {0 be added to the

reactor is outsi range in eaction is allowed to
continue. 36. The nethod of generating hydrogen of claim 35, wherein

contrqllin c ion i.nc perfarmn | east . one of addi ng

addi tl%étnal gqh@ %‘?ﬁa risieafas Y Og‘H’eOfr %%‘@%W%H@ ti onal aqueous
solution t %sk@ﬁn% 8AE4sPbne ﬁz@HBWef‘Qf e W2 1i6n B QEY&ctahnf Hﬁtehﬁﬁarfdetﬁ%&’ﬁeou? ool i ng
t he reactor ing the reactor, mxing a conbination of the reactant

mat er isa]utiamd;h thh eeaa:quewh@emdhu assoﬂmeot 1nb]uéeajmng1tmrhg at éast @re df eerdparateesie t he
pressur d .o eneratin en of .clai.m 34 further
e R o A S e TR TR 4 .

di spl aaaceke\/rea‘&ant%&terﬂnemmwaﬂm@ff r&heieR, ationdt oyduesRNoRkios iRindrdtdrust her
conprising: filterin | east one of the reactant mat erial, the aqueous

sol ut iaghaxipye W}éggmvaes soditiqnie be agéad terthavgseter-pr oduct . 39. The method of
generating hydrogen of claim 38, wherein filtering is perfornmed using a

l'i qui d_perneabl e screen to s rate a.was oduct from un-reacted

Feact ant Lo agEne SRR Te It BhE SRt enerat i ng
hydrogen ofcoftrdiifiy 88sactibet@hied by lthesdnibnitfonREhOfaBENUSAtAGal ahd kiRagfucOie Of
a hydrogen separation nmenbrane, a chemical filter, a desiccant filter, a

coar seoktidn & fe|reastor veheg theoat legst ener of tomperaties shgtiropl eadeetbritys Bespes.. 4 1.
Th th d M, 40 4f 4
€ mel ggq}‘!herea?{? éag} Hpofh% I%Qc%&‘re%@t%nto&lat{%h%' aps mgt (?fere c‘E%H%{ﬁ' ﬁ{ or

cl eanin a one rogen separa flem'ca
desi cagdouk isblugton irctha Iir@etolff&dl agmitihu@1 amekiny ef aciuebhemlutﬁrrn teebeeﬂdkar t theact or

chanber with a portion of t he aqueous
reactor is outside a determined range in which the reaction is allowed to continue.

36. The method of generating hydrogen of claim 35, wherein controlling the reaction
includes performing at least one of adding additional reactant material to the reactor, adding
additional aqueous solution to the reactor, removing a waste product from the reactor, cooling
the reactor, heating the reactor, mixing a combination of the reactant material and the aqueous

solution, or bleeding the reactor to decrease the pressure.

37. The method of generating hydrogen of claim 34 further comprising:

displaying the monitored system characteristic on a system display device.
38. The method of generating hydrogen of claim 23 further comprising:

filtering at least one of the reactant material, the aqueous solution, the hydrogen gas, or

the reaction waste product.
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solution. 42. The nethod of generating hydrogen of claim4 1 further
conprising: directing the portion of the agqueous solution to areas of the
react or twonemapiswe a waste product resulting from thepcomdscnabresr of the
reactant material and the aqueous solution. 43. The nethod of generating
hydrogen of claim42 further conprising: adding the portion of the aqueous
solution to the secondary reactor chanber; and passing the generated
hydrogen gas through the portion of the agueous solution. 44. The nethod of
gener a9 on Ty diagahofdenelatihghddoféi dfhadimCIBTIHefdim fltedasis ippdoinhel (gaipes at ed
hydrogen_throu h the aqueous solution to perform at |east one of

part i cigrigk Rer@sitle sareRNto SEPREREE @aYasts predugt figm W@l reacknt Byterigh and
condega@&jggluﬂgn A sel f-cont ai ned hydrogen generati on nechani sm conpri si ng
reactart fu P material, liquid solution, and a pressurized liquid feed
device. 46. A self-contained hydrogen generation nechani sm of cl ai m 45,
wherein the reactant fuel material includes sodiumsuicide or sodiumsilica
gel . 470, Thahe angth ?ﬁ%ﬁ“ﬁ@ﬂ%blﬁ‘i@%‘ého%iﬂ@%ﬁ» MORTRe E Sl SSthPE Ol Hhingst

wher eijghst big &ra_ensﬁl%gﬁﬁ %Qpajrittﬂiﬁi Herth68He, G e fcal BB, @%@Mééaﬁ?ﬂltg};a ot nPGia 48.
The sel f-cont ai ned 'hydrogen generation nechani smof claim47, wherein the

spri ndilies, aalryé¢mertead scapelnpdreedni dambspri ng configured to nmaintain |iquid
pressure when substantially all liquid is fed to the reactant fuel material
and further configured to substantially elimnate changes in liquid

pressune dumhengethdtPo@he@tdn@hydrbgh chsforeRima0 f{iﬁhertbﬁlpﬁgh%.— cont ai ned
hydr ogen generati on mechani sm of clai m45, wherein the selfcontained
hydr ogen gekepagitematieasheard kydrogengepaption pgabepssghismjcas BFer dpfiecantiiléera
di sposabl e r r.an reusable Liquid f S ly. 50Q.. The

sei T - conearkaAHEh DI Mttt RS P AR Petos T hicRBemes ne
reusabBbritibhqui d feed assenbly is at | east one of integrated, constrained,
or contained by another device. 51. The sel f-contained hydrogen generation
mechani sm of claim45 further conprising: a liquid limting nmechani sm

confi gyr ed 4 nllé'tﬁfs&oﬁggggﬂagggpgddEg&%ﬁ@QﬁﬂrfuPtﬁEr&%H sggred to danpen a

hydr ogen generation r transient condition. 52. The

sel f - cont aidivectinpttle poeion@é Her @fuears sohtioand srrodf the adaniob g realyg@nei awidoe

liquid . o : .
product resulting from the combination of the reactant material and the aqueous solution.

43. The method of generating hydrogen of claim 42 further comprising:

adding the portion of the aqueous solution to the secondary reactor chamber; and

passing the generated hydrogen gas through the portion of the aqueous solution.
44, The method of generation hydrogen of claim 23 further comprising:
passing the generated hydrogen through the aqueous solution to perform at least one of

particulate collection, chemical filtration, humidification, or condensation.

45. A self-contained hydrogen generation mechanism comprising reactant fuel material,

liquid solution, and a pressurized liquid feed device.

46. A self-contained hydrogen generation mechanism of claim 45, wherein the reactant fuel

material includes sodium silicide or sodium silica gel.
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limting nmechanismincludes at |east one of a valve or orifice. 53. The

sel f-cont ai ned hydrogen generation nechani smof claim47 further
conpri si ngo 2ato/l1e|st one of a control valve or check valpee/isepanadzsng t he
reactant fuel material and the pressurized liquid feed device, wherein the
at | east one control valve or check valve is configured to prohibit back
pressuring the spring with hydrogen pressure in a transient condition. 54.
The sel f-contai ned hydrogen generati on nechani smof claim47 further

conpr i49i ng.The seirbht@lined Bviiogert Sétfel@idh eaechonipi @fichirh 45ewWREsR 5P predgirize@vel
during. periods of hydrogen %eneration.55. The sel f-contai ned hydrogen

gener AIMBHCREERAST I8 BreFUIECd DHhasBringr t her conpri sing: a vol ume exchangi ng
devi ce configured to exchange vol une between reactor volume and liquid feed
vol une. 56. The sel f-contai ned hydrogen generation nmechani sm of clai m55,
wher eidg. t h&@heatlfieentainet Andionen gaviraenimehudes ofitlaireddt whereinche gprpigsitan or a
bag assenbly. 57. The se]f-coptai ned hydrogen generation nechanjsm of claim
56, M%Yeéﬁeﬂ¥ag)éﬁélrcgpé>al W@ﬁ&g@ﬁﬁtﬁﬁ@&%@%ﬁ@lﬁ SSSEANTB S AN Bl oped
wat er 1R6LRES W Lo (RBreadiBift 6l haeRN Rl @ﬁ%e’?%gﬁﬁ’gﬁéﬁ e LT JiRGRa1 sm of
claim57, wherein the generated hydrogen pressure is danpéned by nechani cal
means ch&ges Thiequeé pfessoadaiimedelppdodgeinque feedatgi on mechani sm of ¢l ai m 57,
wherein the devel oped water delivery pressure is controlled by at |east one
of a valve or regulator. 60. The self-contained hydrogen generation
nEChamD$n1qmc%aﬁkamﬂﬁwd%@@&%&mg&ﬁﬁnﬁﬁh&&ﬂﬁﬁﬁh&@dmhﬁdSQﬂﬁaeﬂﬁﬂ@EéﬂiOn
mechani smis configured to be resealable. 6 1. The self-contained hydrogen
gener &PhighehbyARaes aensfationangeh@@smuy ¢ hafridgsmpyondily gepagabla i adicpesablém t o
prohiQ&kuhkgggquﬁgghpgiw@gya£95bfelf-contained hydr ogen generati on
mechanismis in a perﬁog'o non- opération, wherein the stop nmechanismis at
| east one of a l|atch, plug, obstruction, ratchet, valve, or toggle. 62. The
sel f -cont ai ned hydrogen_generati on nmechani sm of claim45, wherein the

li qui #9sol dteorlficreriigd Y dreest sensmtioneecianism &b flin H8dvhsiaindhe rrugdier at i on

mechai S Rk £ls@hPlyAe af 1hdk BEL oEQMREAS], R8nstAintal YcohRitdd deePabfguire a
user agtg%n tosﬁﬁpiia?e %%qu%gigﬁ%VL%4. %%elsel¥-ébntai%gﬁﬁhgﬁrogen'
generation mechani sm of claim48 further conprising:
51. The self-contained hydrogen generation mechanism of claim 45 further comprising:
a liquid limiting mechanism configured to limit the liquid flow and further configured to

dampen a hydrogen generation rate during a transient condition.

52. The self-contained hydrogen generation mechanism of claim 51, wherein the liquid

limiting mechanism includes at least one of a valve or orifice.

53. The self-contained hydrogen generation mechanism of claim 47 further comprising:
at least one of a control valve or check valve separating the reactant fuel material and the
pressurized liquid feed device, wherein the at least one control valve or check valve is configured

to prohibit back pressuring the spring with hydrogen pressure in a transient condition.
54. The self-contained hydrogen generation mechanism of claim 47 further comprising:

a control device configured to prohibit reverse spring travel during periods of hydrogen

generation.
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a handl e configured to engage the liquid feed device to drawin liquid and
re-pressurize the spring when the handle is pulled. 65. A nethod of
gener at i ngohydvagem in a sel f-contai ned hydrogen gener atrcorusdevioces? t he
met hod conprising: pressurizing a liquid feed device; and conbining a
liquid solution and a reactant fuel material with the liquid feed device to
gener ate hydrogen. 66. The nethod of generating hydrogen in a
sel f-cont ai ned hydrogen generation device of claim®65, wherein the
sel f - aant aiMedeliyvoh@iea hgedgenpdmertda\thahaliea &if ¢Rém a5l fufhirdompadingor at
| east one of cleaning or reuse of the liquid feed device.

a volume exchanging device configured to exchange volume between reactor volume and

liquid feed volume.

56. The self-contained hydrogen generation mechanism of claim 55, wherein the volume

exchanging device includes at least one of a piston or a bag assembly.

57. The self-contained hydrogen generation mechanism of claim 56, wherein generated

hydrogen pressure does not contribute to developed water pressure.

38. The self-contained hydrogen generation mechanism of claim 57, wherein the generated

hydrogen pressure is dampened by mechanical means.

59. The self-contained hydrogen generation mechanism of claim 57, wherein the developed

water delivery pressure is controlled by at least one of a valve or regulator.

60. The self-contained hydrogen generation mechanism of claim 49, wherein the self-

contained hydrogen generation mechanism is configured to be resealable.

61. The self-contained hydrogen generation mechanism of claim 38 further comprising:
a stop mechanism to prohibit liquid feeding when the self-contained hydrogen generation
mechanism is in a period of non-operation, wherein the stop mechanism is at least one of a latch,

plug, obstruction, ratchet, valve, or toggle.

62. The self-contained hydrogen generation mechanism of claim 45, wherein the liquid

solution includes water.

63. The self-contained hydrogen generation mechanism of claim 45 further comprising:

a valve configured to require a user action to initiate liquid flow.
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64. The self-contained hydrogen generation mechanism of claim 48 further comprising:
a handle configured to engage the liquid feed device to draw in liquid and re-pressurize

the spring when the handle is pulled.

65. A method of generating hydrogen in a self-contained hydrogen generation device, the
method comprising:

pressurizing a liquid feed device; and

combining a liquid solution and a reactant fuel material with the liquid feed device to

generate hydrogen.
66. The method of generating hydrogen in a self-contained hydrogen generation device of

claim 65, wherein the self-contained hydrogen generation device receives a liquid feed for at

least one of cleaning or reuse of the liquid feed device.
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