HYDROGEN GENERATOR AND METHOD OF : OPERATI NG HYDROGEN GENERATORS | 111111
11111121121121121111E1111 _ * 59159* 5 FIELD OF THE | NVENTI ON The
invention relates to a hydrogen generator conprising a container-for  -- -

cont ai ni ng an aqueous solution of at |east one mrslt al hydrdd E
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reacti on chanber, and to a r operating a ogen generator.
BACKGROUND OF THE | NVENTI ON 15Hydrogen generators of the kind nmentioned
above usually serve to supply fuel cells with gaseous hydrogen, e.g. for
vehi cl es such as small aircrafts or portable devices. Particularly for this

pur pose FFE/[[y@meEqWEN-gmN\Ael ght are essential. Hydrogen is chemcally
generated by a follow ng reaction catalyst 20 MBH4 +2 H2O ? 4 H2 + MB02
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consurred to sone degérb A The solution contains a stabilizing agen
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chamber, and to a method for operating a hydrogen generator.

BACKGROUND OF THE INVENTION

15 Hydrogen generators of the kind mentioned above usually serve to supply fuel
cells with gaseous hydrogen, e.g. for vehicles such as small aircrafts or
portable devices. Particularly for this purpose low volume and light weight are
essential. Hydrogen is chemically generated by a following reaction

20  MBH,+2H,0 _<aralyst

4 H, + MBO;
where MBH, and MBO- respectively represent a metal borohydride and a
metal metaborate. While H, is the useful product, MBO, and residual water,
are exhaust products. '

55 S
According to US 6,534,033, B1, a supply of solution is used which
communicates with the catalyst _\Qntil the metal hydride is consumed to some
degree. The solution contains a stabilizing agent providing a pH value of 7 or
greater to avoid unintentional decom;)\osi\tion of the hydride. This generator is

30 rather bulky and has a permanent high weight.

US patent 7,530,931 B2 teaches a hydrogen generator using a spent fuel

container which is adapted to collect the exhaust products from the catalyst
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US patent 7,530,931 B2 teaches a hydrogen generator using a spent fuel
contai ner which is adapted to collect the exhaust products fromthe
catalyst 1111112112112112121111212111111 *Q&0000 * 1 chanmber. However,
these exhaust products still contain residual feed material thereby _
reduci ng _t he, ov 892 B2, a fuel storage chanber

Il vyield. to US 7,540 >
cont ai ni ﬁ@a@bﬁbﬁiﬁf?‘%ﬁ‘é&%ﬁ‘_@?et%‘%&s Broayct st comathresidual ferd materialr at i on:

chanber { AIRShaNPR fidhall eiexhaust products accunul ate. Again, there
IS no op%r?rrrgtwyi el dg(l)\tfFll t he ygri de. Al'l the above hydrogen generators

are of low efficiency and have a not optimal 10 weight and vol ume. SUMVARY
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5 the other side of which a hydrogen separation chamber is arranged wherein
the exhaust products accumulate. Again, there is no optimal yield of the

hydride.

All the above hydrogen generators are of low efficiency and have a not optimal

10  weight and volume.

SUMMARY OF THE INVENTION
It is an object of the invention to provide a compact, lightweight hydrogen
generator and a method of use which allows such lightweight hydrogen
15 generators. A compact, lightweight hydrogen generator is possible by
providing for a faster reaction which can be obtained by using an aqueous
solution of the at least one metal hydride having a pH value of between 5.5
and 7, preferably between 6.2 and 7. This is that the aqueous solution is not
stabilized or even slightly de-stabilized. Thereby the catalyst and reaction -
20  chamber volume and weight can be reduced while having a reaction with the
same degree of completeness, particularly if utilising the hydrogen already
generated in the container. Such hydrogen generation already starts in non-
operation mode and depends on the temperature. In many applications this
consequence is of minor importance, e.g. in a cold environment or in cases
25  where the starting materials, i.e. the metal hydride and the water, are mixed

and filled into the container shortly before use.

If using such non-stabilized or de-stabilized solution, it is useful that the
container for containing the aqueous solution, besides a first outlet

30 - communication with the flow conduit for liquid output to the reaction chamber,
comprises a second outlet for gaseous output, the second outlet being
connected to a valve. This valve allows the release of the hydrogen generated

in the container into the surrounding or into the main hydrogen outlet. Further,

. it may be advantageous to feed this hydrogen to an additional small fuel cell,



generator and a nethod of use which allows such |ightweight hydrogen 15
generators. A conpact, |ightweight hydrogen generator is possible by
providing for a faster reacti on which can be obtained by using an aqueous
solution of the at |east one netal hydride having a pH val ue of between 5.5

d 7, bl y between. 6. This is that_the agqueous solution is
not staﬁ\s"ﬁcga %\?%\r“éeaéﬁﬁvahﬁ'ﬁ@ cgll. kﬁ% in 3ke arrEhe wprment geperated: and

reacti onth%Qengﬁ)gé useluYsRhaRst ¥BhfBly can be reduced while having a
reaction with the same degre€ of conpleteness, particularly if utilising

t he hydrogen already generated in the container. Such hydrogen generation
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Preferably the second volume of the reaction chamber comprises a liquid
collecting area for collecting an intermediate, partially reacted solution.
Thereby, the drainage of the exhaust products can be easily controlled upon
20 using an exhaust outlet valve located downstream of the exhaust products
outlet and controlled by a control unit, and a liquid level sensor located in the
liquid collecting area and coupled to the control unit. When the accumulaied
liquid reaches a predetermined level, the control unit opens the exhaust outlet
valve. If the hydrogen generator has a determined orientation when in use, the
25 accumulating liquid has a level rising up to the liquid level sensor, and the gas

outlet is positioned above the liquid level sensor.

If the aqueous solution of the container is not transported by gravity to the
reaction chamber, a pump, preferably a controllable pump is positioned

30 between the container and the first volume of the reaction chamber.

For using such two-catalyst-reaction chamber, and a non-stabilized metal
hydride solution, it is of advantage, that the ratio of the time of stay of the
aqueous solution of the at least one metal hydride in the first volume



10 carbide. The first, upstream cat al yst preferably presents 70 to 80% of
the total catalyst of the reaction chanber. The two-catal yst reaction
chanber provides for a nore conplete exploitation of the hydrogen stored in
the metal hydride and is particularly of interest if using a non-stabilized .
metal hydride solution, which is |led through the reaction chanber at a
rel ati vePYNRINPY stE%ef?fSton‘lﬁféFe@(ﬁ" 1@ﬁtﬁlyﬁbﬁ@éhgifﬁﬁﬁl ofs stave pE theoraguaomsi y t he

Pocond | | SuliTBn o 1hd'St [EREbhEMEBRANRIAL e SEDnd b oAb i hd 2 P2

for collecting an internediate, p reacte ution. t he
dr ai nagesedond)aoswisineatn patatyst tis larger ttanetido 4y peefietatdy llader tlisn 2Qousi ng an

h | | | t d t f.rh h t duct tlet d
cont 1ol | 145 eveduiBre Pralrraply BraceangL P elnehediioah Geiahiss 1R the
l'iquigl crldegbhngemératedfee RS GlokL thae tﬁlenﬁ{«?’r'og%éﬂ' GendBRyY iRehe

kh
accumnul at ed ?i qurd reaches a predeterm ned level, e"control unit opens
t he exhadewnsiieamtcatalysicfor the reasany thab dlee sgletion df brought iracortiaet withed

orientatjan n.in e,.the 2baccurul ating liquid has a level rising up to
t he |iquth§ ‘1“\%’;%3%3"%8%@{5? '%'HH“F%' &‘3}&99 dpgged Lo Adugh A89188- above t he li qui d
| evel sensor. “If the aqueous solution of the container is not transported

by gravity to the reaction chanber, a punp, preferably a controll able punp
is positioned 30 between the container and the first volume of the reaction
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met lon, 1t is of advantage, that the ratio of the tine of
stay of the aqueous solution of the at |east one netal hydride in the first
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Fig. 2 shows an alternative embodiment of the reaction chamber

20
DETAILED DESCRIPTION OF PREFERRED EMBOMENTS

A hydrogen generator according to fig. 1 comprises a fuel container 1 that
contains an aqueous solution 2 of a metal hydride, in the present example

25 sodium borohydride, which is contained in the solution at a concentration of
25%, which via a first outlet 3 and a check valve 4 is conducted to a pump 5,
here a peristaltic pump, which pumps the solution via a flow conduit 6 to a
reaction chamber 7. The fuel container 1 has a filler cap asserhbly 10, a dip
tube 11, one end connected to the first outlet 3 for liquid output and the other

30 end remaining at the bottom of the interior of the fuel container 1, and a
second outlet 12 for gaseous output, connected to a relief valve 13.

In the prior art the solution 2, besides the metal hydride, contains a stabilizing

agent, USuaIIy sodium hydroxide for avoiding unintended decomposition. The



The foregoing and further objects, features and advantages of the present
i nvention will beconme apparent fromthe follow ng description of preferred
enbodi ments with reference to the acconpanying drawings. Fig. 1
schematical |y shows an errbodi ment of the hydrogen generator of the

i nvention Fi 2 sho Iternatlv enmbodi mrent of the reaction chamber
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end connected to the first outlet 3 for liquid output and the other 30end
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The reaction chamber 7 is contained in a housing 20 and is divided into a first
volume 21, the first volume containing a first, upstream catalyst 22, and into a
20 second volume 23 containing a second, downstream catalyst 24. The first
catalyst 22 consists of a packed bed of catalyst elements, the packed bed
almost completely filling the first volume 21 and being supported by a first
mesh 25 fixed to the housing 20. And the second catalyst 24 also consisting of
a packed bed of catalyst elements, in the described embodiment, fills the
25  bottom part of the 'second.volume 23 and is supported by'a second mesh 26 |
also fixed to the housing 20. The housing 20 has an solution inlet 31
connected to the conduit 6, an exhaust product outlet 32 connected to the
exhaust outlet valve 33 and a gas outlet 34 for extracting the useful product, i.e.
the generated hydrogen possibly still containing some water vapour. If desired,
30 dehumidifying devices are added (not shown). Further, if desired, the second
output 12 of the container 1 is coupled with the gas outlet 34 of the reaction

chamber 7



15 a primary, active fuel cell (not shown). Alternatively the second

out put 12 can rel ease the hydrogen via valve 13 into the surrounding (not
shown). The reaction chanber 7 is contained in a housing 20 and is divided
into a first volunme 21, the first volune containing a first, upstream

catal yst _22, and jntp a 20 second vol 23 containing a second, downstream
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“As usual, the reaction chamber is operated under elevated temperature of e.g.
 80°C and of elevated pressure of 450 kPa (4.5 bar). Devices for temperature
and pressure regulation are associated to the reaction chamber in a usual

30  manner (partially not shown).

Fig. 2 shows an alternative embodiment of the reaction chamber 7 wherein
same reference numbers designate same components. According to fig. 2 the

second, downstream catalyst 24 is not filling the bottom part of the second



and pressure regul ation are associated to the reaction chanber in a usual
30manner (partially not shown). Fig. 2 shows an alternative enbodi nent of
the reaction chanber 7 wherein sanme reference nunbers designate sane

corrponents Accor ding to fig. 2 the second downstream catal yst 24 is not

f||||ngt rt. of the sec ut co titutes aligning
" R B Bafehefee W)5nBS o036 1Sl i R B e
Accor di nghetdhapeldftd hah. al ternative enbodi ment (not shown) the second, 5

downst ream catal yst can be a packed bed filling the conplete second voI une.
The cat al yst arrangerrent in this case, can provide a concentration
ggﬁglcﬁnv%?% fu@géétﬂlﬁhgﬁyeméirwodlme qufnolfss SJVHt 'tﬁg ggéc;r{ds t outlet

5 downstream catalyst can be a packed bed filling the complete second volume.

The catalyst arrangement, in this case, can provide a concentration gradient.



7reaction chanber 1010filler cap assenbly 11dip tube 12second outl et
13val ve l1l4secondary fuel cell 15 20housing 21first volune 22first upstream
catal yst 23second vol une 24second downstream catal yst 20 25first nesh
26second nesh 31sol ution inlet 32exhaust products outl et 33exhaust outl et

valve  REFERENCE LIST
1 fuel container
2 aqueous solution
5 3 first outlet
4 check valve
5 pump
6 flow conduit
7 reaction chamber

10 10 filler cap assembly
11 dip tube
12 second outlet
13 valve
14  secondary fuel cell
15 20 housing
21 first volume
22 first upstream catalyst
23  second volume
24 second downstream catalyst
20 25  first mesh
26 second mesh
31 solution inlet
32 exhaust products outlet
33 exhaust outlet valve
25 34  gasoutlet
35 liquid collecting area
36  liquid level sensor

37 control unit



2534gas outlet 35liquid collecting area 36liquid | evel sensor 37contr ol

unit CLAIMS 1Hydrogen generator conprising a container (1) for containing
an aqueous solution (2) of at |east one netal hydride, a reaction chanber
(7) containing a catalyst arrangement (22, 24), an exhaust products outl et
(32) exitég& f$0n1the reacti on chanber and a gas outlet (34) for extracting
t he gaseo B% ducts and a flow conduit (6).-connecting the container with

t he reaction chanber, characterized in that the reaction chanber (7) is
divided into a first (21) and second volune (23), the first vol une
containing a first, upstreamcatal yst (22) and the second vol une contai ni ng

a second, dowrﬁt eam cat al yst (24),. the first vol bei ng,snmal | er than the
second vollure. W‘i{Bgﬁ’g/dQ%@%ﬁ%de%%’F‘ﬁf'ﬁ'{‘ga@c8Paf%?ft Z?)Efaﬁ RO taIRiRgr 8Bt eri zed
|n that the segprousdontRn@Fbi apEast 58 mMetal AYHRIE 0l HerdibRGranfifer( 35) Tor
collecting an internediate, partially reacted Solution. The hydrogen

gener at or accdrilicegtaining| aicatalystcarsargsreentz 22,i 24); leex extraustiradsctspr oduct

tlet (32) d : Q| 23 th t hanmb
(1) 15 connectiet KEAAind f8r™ BT et amoet it a s o @R upfhrckont r ol
unit (37). Theexnadtingtie gaseswd produetand Rofléw condum(8) céMmscimganezed in
that the liquid collecti ng@ar ea (35) contains a liquid |evel sensor (36)

coupl ed to theaddrinenwithihe reactions graraber; chbrragterizaskinctphthe reastivat val ve

33) .1qThe hyd : - i ' [ i,n that i
i ori%ent at | ort Ao A7 PETABea T Fhiaf ) Msebng Fih@Tes] bl o™ '
posi tioned abomfurhbecdntginirg lze\fiest, agstreant IBtalyshe2Py dindg e gritendt or
according to any of clains 1 to 5, characterized bty a_pump. (5) for punping
the aquecus sHHTS FOPEINIG 3r3q908c AAWESeam catalys! (@A the fisst Vel ( 21) of

the reaction qadenalldd than the 'ebRIGHILARNEr ator, (if desired according to
& .

any of clains 1 t© conprising a container (1) for containing an aqueous
solution (2) of at |least one netal hydride, a reaction chanber (7)

contai_ning a catal yst arrangenent (22, 24), .an_ exhausi praoducts outlet (32)

exi ting fgom ﬁﬁ@ah%frpg%tgﬁaﬁragﬁa%éarglgﬁéoap@ag109%"@9%9(%2 IR @Fateﬁ??r acting

t he gaseous prsddRd Svallsh | n It C ajper with

the reaction chaﬁb_er, c_hae‘raa(g'?g\rl\(i:éz\rggﬁ'iiyénSI taﬁlg%ql{?ﬁee@orérﬁtlggngr% 1?@? ofrd?

cont ai ni ng t heodgetinguan denmediate; partilyseaetedssoluticst out | et (3)

comuni cation with the flow conduit (6) for liquid output to the reaction

chanber (7),
3. The hydrogen generator according to claim 2, characterized in that the

20 exhaust product outlet (32) downstream of the second volume (23) of
the reaction chamber (7) is connected to an exhaust outlet valve (33)

controlled by a control unit (37).

4. The hydrogen generator according to claim 3, characterized in that the
25 liquid collecting area (35) contains a liquid level sensor (36) coupled to

the control unit (37) for controlling the exhaust outlet valve (33).

5. The hydrogen generator according to claim 4, characterized in that in
an orientation determined reaction chamber (7), the gas outlet (34) is

30 positioned above the liquid level sensor (36).

6. The hydrogen generator according to any of claims 1 to 5,
characterized by a pump (5) for pumping the aqueous solution (2) from

the container (1) to the first volume (21) of the reaction chamber (7).



10conpri ses a second outlet (12) for gaseous output, the second outl et
bei ng connected to a valve (13). 8. The hydrogen generator according to
claim7, characterized in that at | east one of the gas outlet (34) of the
reaction chanber (7) and the 15second outlet (12) of the container (1) are

cted,to respective fuel .cell. 9. The hydrogen_generator according
fg-n(r:lfai m 7: cﬂwf{eé)%fﬂ i GREratory Ha&eﬁ'ﬁ‘é’ S6ERING IR 13N @izﬁalms théo &nt ai ner

1) i | bt b . t : ' td @n: r+(7). 10.
The hydr ogan Goniing's RTaifbt (6 forBhitdinifl ahitlcshs Mg R ()
second out | et l¢ast)onsf meial hysridsi, mereactipn ghanbernp cohtaisingracatilysy. 2511. A

Cont i ni ng. an AATRBIENLLPat £5h AN Prochitls O a2 BRthadremdhey

reactison chanteactioh ch@mber ritd adg881althes {(38) TaNGRFBnd e gibboudn exhaust
products outlet (32) exiting fromthe reaction chanber "and a gas outl et

(34) for extrdfeduefstanrd gadlovusopduitl (6) coanectng Itbey cmﬂfaimierbvlviﬂu) the) .

ti th taj | t -eacti.on, chanber. pr ra .according to
any of cl ai m rese e Rhndl Relfe Y R tanall i BL SPntaRS () of
the at |east ahe aqabels Bylitiode2yssebides & fiestcoutiedi(Bpeomiuriegtion withval ue of
between 5.5 and 7. 12.The nmethod according to claim 11, characterized in

that the aquedl® iy ranelit((8) tor liqlid autputide thaeremstian elyambee (lsed in the
cONt ST (1) chi ol Yabats BLBELIR Badeciloy e LBl Sfe 2007 0 1
r 12, of op g a hydrog

t
toclaim1l o operatin n generator accor&[ﬁﬁgaﬁo any of
clains 1 to 6 beipcamiented txaivalvehds).t he ratio of the tine of stay of the
aqueous solution (2) of the at |east one netal hydride in the first volune
(21) to the tine of stay of the aqueous solution (2) of the at |east one

metal hydgi de fiHg hjtfrog&f YteVbt FEcdrditg to claim 7, characterized in that at
least one of the gas outlet (34) of the reaction chamber (7) and the
15 second outlet (12) of the container (1) are connected to a respective

fuel cell.

9. The hydrogen generator according to claim 7, characterized in that the
second outlet (12) of the container (1) is coupled with the gas outlet
20 (34) of the reaction chamber (7).

10. The hydrogen generator according to claim 7, characterized in that the

second outlet (12) of the container (7) opens into the surrounding.

25  11. A method of operating a hydrogen generator comprising a container (1)
for containing an aqueous solution (2) of at least one metal hydride, a
reaction chamber (7) containing a catalyst arrangement (22, 24), an
exhaust products outlet (32) exiting from the reaction chamber and a
gas outlet (34) for extracting the gaseous products and a flow conduit

30 (6) connecting the container with the reaction chamber, preferably
according to any of claims 1 to 10, characterized in that the aquéous
solution (2) of the at least one metal hydridé used in the container (1)
has a pH value of between 5.5 and 7.

10



10is larger than 1 to 4. 14. The nethod according to claim 13,

characterized in that the ratio of the tine of stay of the aqueous sol ution
(2) of the at |east one netal hydride in the first volune (21) to the tine
of stay of the aqueous 15solution (2) of the at |east one netal hydride in

h I is | t tg 10. 15. The nethod according to
(1% b fa r I ol Esb B o Bt ot ouniian bl bEAMER e
aqueous sol uti Qe (Bfo ftths a"t‘tleéﬁebﬂe leé?algﬁﬁiﬁhe &Reddhé n'té(}?é{‘ﬁgf' rst

vol ume (21) tothetlrreo stay of the aquéous solution ( at | east
one netal hydrhagea phl Vaieesébetwseemﬂmmd’és) is larger than 1 to 30.

5 13. The method according to claim 11 or 12, of operating a hydrogen
generator according to any of claims 1 to 6, characterized in that the
ratio of the time of stay of the aqueous solution (2) of the at least one
metal hydride in the first volume (21) to the time of stay of the aqueous
solution (2) of the at least one metal hydride in the second volume (23)

10 is larger than 1 to 4.

14. The method according to claim 13, characterized in that the ratio of the
time of stay of the aqueous solution (2) of the at least one metal
hydride in the first volume (21) to the time of stay of the aqueous

15 solution (2) of the at least one metal hydride in the second volume (23)
is larger than 1 to 10.

15. The method according to claim 14, characterized in that the ratio of the
time 'of stay of the aqueous solution (2) of the at least one metal
20 hydride in the first volume (21) to the time of stay of the aqueous
solution (2) of the at least one metal hydride in the second volume (23)
is larger than 1 to 30.
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