HYDROGEN GENERATOR AND METHOD OF OPERATING I T FIELD OF T 5 The
i nvention relates to a hydrogen generator which can be aNﬁ%MWﬂﬁﬁmw@@nerator
conprising a container for containing an agueous solutio I t one
nmetal hydride, a reactor chanber containing a catal yst, a putf'®or punpi ng
t he aqueous sqlyt.i 0, al nar r, a first
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collecting the reaction exhaust products, an exhaust products outl et

exiting fromthe collecting area and a gas outlet for extracting the
gaseous products, or a hydrogen generator conprising a container for
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agentsfr amet hwentitvd aehees te 4 Neydregéh ajenkPatohanhieh, cén fog st hydegeth
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separated into dry residuals which are collected in a special vessel, and
st eam whpumpctan menpiegitee liqyid rraciionurgsndfeom the conjaingr tgthepraaatorand t he
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for collecting the reaction exhaust products, an exhaust products outlet exiting

from the collecting area and a gas outlet for extracting the gaseous products,
and to a method of operating it.

20
BACKGROUND OF THE INVENTION
-~ Hydrogen generators of the kind mentioned above usually serve to supply fuel
cells with gaseous hydrogen, e.g. for vehicles such as small aircrafts.
Particularly for this purpose low volume and light weight are essential.
25 Hydrogen is chemically generated by a following reaction

catalyst 4 H, + MBO,

MBH4 + 2 H,O
where MBH; and MBO; respectively represent a metal borohydride and-a
30 metal metaborate. While H; is the useful product, MBO; and residual water,
partly in the form of steam, are exhaust products. These exhaust products,

dissolved in aqueous solution, have a high tendency to crystallize.

T
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According to US 2006/ 0225350 Al, the exhaust is processed in a gas / liquid
separator and the exhaust is drained to a collecting tank. Again, the
construction is unfavourable with respect to size and weight. This prior
art, further, uses a closed |oop control of the pressure and the
tenperatyre in the I er, nentioned pressures arg f,romO to
41 ko alcriied 55k 2ORARDLRRTE 2EERE o EiR uRlells SRR This 0687 o,

t he exhapsdid4l9dMsithi sresesiRiciicEth ianspedihls vassep odad aidarhi @Hich eammnent s,
the liquid conponent being fed back to the reaction 15 chanber. In this
prior ar ventedetopthshptnespherar Therdniingceguipment and; ther mentieaed i vessekhaust
products S r .crystallize, thereby clogging the

reacti onléé: ar?b%lr)hlgp at%ﬂlei%(%&/nedéﬂ?'terg%'%ndui ts and apparatus. 20 SUMVARY OF
THE INVENTION It is an object of the invention to provide for a conpact,

| i ght wei g‘r%tﬁ hydr ogen generator. For such conpact generators with small

si zed el &weAtding t0U§299@/088§%$Q P ndee exbaystiis psgersped D 8ps i/ Jigkidon of the
reactl °“s8§§r%'t’<§rt AHOHE St Nis I dfainBhS 1& .ec&}’e%%hé”tédk?ak Yircofgest s the
condui ts.” FOr preventing the 25 crystallization, t condul £ extendi ng from
t he exhaugststpuciidocissunfavbetable avithheespest toldizebbad wakigbt.t Bhia priordaitt end
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exhaust products outlet opens to the environnment via a controllable valve.
By such temperstures ara@0derffi5hents for separating or drying the exhaust

products are no | onger necessary. A further aspect with reference to the
conpactness is the fact that the saturation water vapour partial pressure

depends @uet e USSTOB3H5T 82D Whe @ﬂaa?]maﬁo@mbﬁié ¥e;§é’r‘&¥éoaﬂf[toiifs basedlas
n

pressure of the m xture containing the water vapour i he reacti on chanber
i s i ncr easddiquisheamppaentsy dbe liquid campenget beifgefedobaeinée e reaetian dr ogen
underca hj e i .on: C Iy l.Li -flowrate
of t?15e pgh%&g%e\ﬁ f\tgrsp%'i'/\cye}ré'gﬁ h%ﬁ??"ﬁg& ecu?fgggdésf%? %%@mé;c'bit@% rté:%gtﬁ%er, wher e
a pref er eghadstnpredattsr the Saktprogactt terd€. toForystdiize, rtResby, clohgingethet or
chanber preferably contajns tenperature and pressure sensors, it is coupled
to tenpefeagiioa chgmpariadhedpnpsyeanyeondyits BndanPasatiSar e connected to a
control unit controlling the punp and the tenperature adjusting devices.
For maintaining the desired pressure in the reaction chanber the first
liquid collecting area contains first liquid | evel sensors coupled to a

ot erdal SUNMARCCERBEREN IS as out et i s coupl ed via a cooling device.
to a gasfjsldilbfdct of the invention to provide for a compact, lightweight hydrogen
generator. For such compact generators with small sized element, it is
particularly necessary to avoid crystallization of the reaction exhaust products
which, in this case hypercritically congests the conduits. For preventing the
25  crystallization, the conduit extending from the exhaust pfoducts outlet via the
controllable valve to a conduit end carries heating devices at least along part

of its length, an elevated temperature counteracts the crystallization.

To obtain such compact and lightweight generator, according to the invention,
30 in the generator the exhaust products outlet opens to the environment via a
controllable valve. By such disposals, the components for separating or drying

the exhaust products are no longer necessary.



separator containing a second liquid collecting area including second

| iqui'd | evel sensors, as is known in the prior art; To said area a

di scharging conduit is 20 connected which leads via a controllable val ve,
whi ch opens and closes in intervals, alternatively to the environment or to

a point ypstream of the The |iquid is alnost pure te jch, if
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DRAWNGS The foregoing and further objects, features and advantages of
t he preséhambﬁr/@mwﬁrqmng thee Sewerate i et pyrPBrANchihe SoWeRi AheRtdr i pti on

Fior 1 SHEdEes TanReRRihd e Rf st atdlehed BERURER S HUERN onr o

2 shows aogecFoomlsurews@rﬁ the ﬁdacecrrndiambeeptaiénamnbonn‘ammiampamneon Fig. 3
shows a section view of another alternative enbodi nent of the invention 10
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accordlng to 1 conpri ses shap ed cont al that contains
an aqueotsnpeﬂaturecadjmﬂtlr@ dmmaﬂs hydr| de, in the present exanple sodium

bor ohydri de, which via a conduit 3 and a check valve 4 is conducted to a
punp 5, here a peristaltic punp, which punps the solution under pressure

via a copgpintaiftaifing théafdsired [reasiier in/theCreticibA &thdnibdrte first liquid
| collecting area contains first liquid level sensors coupled to a control unit

15 controlling the controllable valve which opens and closes in intervals.

In the generator the gas outlet is coupled via a cooling device to a gas / liquid
separator containing a second liquid collecting area including second liquid
level sensors, as is known in the prior art; To said area a discharging conduit is
20 connected which leads via a controllable valve, which opens and closes in
intervals, alternatively to the environment or to a point upstream of the pump.
The liquid is almost pure water which, if conducted to the environment, is
discharged similarly as the reaction exhaust products, and if conducted to-a
point upstream of the pump, can be used for diluting the fuel, similarly to the

25  prior art US 7,083,657 B2, or for a cleaning cycle

For avoiding crystallization of the reaction exhaust products in the reaction

chamber and its downstream elements, high pressure and high temperature

according to mutual relations are preferably used, as characterized in claims 9
30 to11.



20 reaction chanber is a fixed bed catal yst device 10, e.g. consisting of
porous ceram c substrates with a supported catal yst of known kind. An
alternative catal yst device, not shown, consists of novabl e catal yst
supports to be imersed into the solution in the reaction chanber. The
reaction_ch e hea a hea 11 and can be cool ed by fans 12.
Accor di n&% %%&&Pﬁ&?'ﬂ\ﬂft% ESBt‘ﬁr\ﬁ(}rﬁ“é’ghe heater 11 and the cooling fans
12 can be replaced by heat pipes. In the reaction chanber, the reaction
menti oned above takes place, rel easing hydrogen and reacti on exhaust

pr oduct sThehferégcdmg)gmd &Bﬁmnersbjeue festatesoand hedviaatagds ofidine aprgaentout | et

13, flows 30.throygh a coolln
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cell system 23. The reaction chamber al ns pressure sensor 27 and
tenperature sensors 28 A control unit 29 in the hydrogen generator 1 picks
up the v s_,of the Ssur e r ,27. and the tepperature sensors 28 and
regul at eE ﬁ Shfq“()sv\?'?g gfmeﬂtegfgﬁﬁ%ygro%e%eqeratgrto ep'&XEF'te‘?ﬂ the heater 11

and of t FRy. Ragiowsld sa€lan vieWdbofiah aitarhdive emdotrient of théavepibh part of the
reaction_chanber 7 there is a first liquid collecting area 30 wherein the
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-casing of the hydrogen generator In area 30 two liquid |l evel sensors 39,
40 are arranged at slightly different |evel heights and are connected to
the control unit 29, which controls the valve 37. Wen the higher liquid

| evel SeD‘quAIﬂQDQDESéR@PTg@Q%F Pﬁiﬁl@lgﬂgg’twg%ﬂn ERFrppens the val ve 37

bet ween conduit 36 and conduit en har gi ng the exhaust products
31 through end 38 into the surrounding environment. As surroundlng

enV| n he at nos re,is usuall ef i,ned; alsothes r roundi

envi By geBSe g ok e aian b Flr TopunPieSe g aresed Ui s no
part of ghetalhedr 2apat ORRIRS &n %Qdeﬂ@é s%“ll@tYMh 'dﬁ éhﬁetfa'l Gleﬁﬁe Vhethei n the
exhaust products are accunul at ed lower liquid | evel sensor 39

gives a stegsﬁat exampleceodivm| bcunhydmd;e wvmsreylaaneondluwé @1 a theokialvai n t he
predefin in th ion ch 7 th |, evel dlffer nce between
Phe. sensiis CAEATHER 16 Bt 2CAgls Bber RIS Bor, APIEHinpS th¢ SRERRR g t he
gas vol umﬁrdem FSRRORE vial adbomdit 601S hardactidh ecHanSSBIENC Coptaing@NhNBet he val ve
37 is rather d%@ and t he dutgerate can be 25 in the order of 1:10.The

pat h2¢ r ofpactien sinamierds a fixechbed ratalyst devicad 0, €. ghepnsising eforerayst cont ai n

' corrpl ex t a r 1 i zation.
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condensed from { he re of hydr ogen and and cool ed in the cooling
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Two | eve Sensors are ace In area connect to the
cont2%l altemati@es not sfiaven, sthm'Heater 11 and the cooling fans 12 can be replaced
by heat pipes. In the reaction chamber, the reaction mentioned above takes '

place, releasing hydrogen and reaction exhaust products.

The hydrogen escapes the reaction chamber through a gas outlet 13, flows
30 through a cooling coil 14 and is fed into a gas / liquid separator 19. In this
separator, the hydrogen is withdrawn through filter units 20 and a pressure

regulator 21 and fed via a conduit 22 to a fuel cell system 23.



to |l evel sensors 39, 40. The valve 37, controlled by control unit 29, can
bl ock the exit of the liquid through the discharging conduit 46, can
connect the discharging conduit 46 to the conduit end 38 so as to discharge
t he condensed water or can connect the discharging conduit 46 to a conduit

49, located to 5 point upstream of the pu 5 either into the fuel
cont ai neﬁ-ﬁg Eﬁacgppe qug?fn;}ocﬁﬂﬁﬂ‘%.a PHRSY ?F\%ﬂs@ééﬂér‘é{]i@rﬁ%@“ﬁr@r a
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preventi ng cl ogging of the systemby crystallizati on; ng the
sol ut i onobthe peessuteabensalr2Hand tbe Aenpeditnre sensrs28 and regilatésitinet shown

infig. | ocat direct in . the.reaction_chapber 7 .and, fixed by fixing
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agents i n1pkecbrihg €08 gRleheprogrdrhat i s an aqueous acidic solution such as
phosphoric acid to which possibly a catalyst is added, 15 is transported

via the conduit 3 to the check valve 4 and punp 5 and further to a
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near the b(gﬁ%om of tr}g@cganber 7, but above the liquid collecting area 30
as in t herqdustiPwist32oat theraqitom of aiep 3@ exiands ta aseenduity3G aed &wither

constel | gt r i e i .9 ; j A f uel
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10 and coae:jjngsnﬁhe:hydliqggnrg'mrét@r 1atrd atdee 30iteyoi I?u&bldvebsdam@rlarwawo is o
constructed as a separate nt aj per . 55, nnected to the catal yst device

by ot ubBisaTanged ghadty diferedt oL ARighBu AN avs caeRiSRds e ponte

cont ai nenip2g, iflch RBnAYRAKS! vl é’%‘??t\ﬁh?Htth@tqigﬁerili id QI by 9p the
container 55 at a level |ower than the | ower vel Sensor 39. 30 I'n the

gr aph of giveg.a signahhe cestsalrunii 29 lopenatthe ivalver 37 batveeers caditit 3@ andai nst t he
temperature, i.n C the abscissa. Three curves 61, 62 ow limts of

the Cor r EPEYTRTY 28, dBRnARISE TS exhaUREpabERA E threliBh o S8 iBlectener al 1 v
the tenp@iredndig | émifonftstndentsueuhbimgiedvrbhfent thehaimégmdref & of curve
60 (| ower tenperatures) the danger of crystallization is too high. Curve 61

“and 62, veyalyr defined tHeo etisodurenndipy fanyironmeshooan i beta oolladtien

Codi am b5TRNEr RRE Y SuREPreBTRRCUNS el s FiBbef RERIPTa " or

20% sol uhbtoshowheinettie figurdaotihe@ireshé hextenet arofgcetoaret scslraultede
sel ect ed between curve 60 and curve 61 or respectively 62 for obtaining

opt i+l VoI hedawet baud deel sepsend? givesi dhigeal. the corfiaistit 39 sirsess. These
curves appedivé 37t Ao FARER Bk Sledbifed Pré&suté in the reaction chamber 7

the level difference between the sensors 39,40 is small as well as the
discharged amount, keeping the gas volume in chamber 7 almost constant.
The frequency of opening the valve 37 is rather high and the duty rate can be

25 in the order of 1:10.The path from the outlet 32 to the conduit end 38 is short
and does not contain complex elements, thereby aImbst preventing the danger
of crystallization. As a further measure the conduit 36 and the valve 37 are at
least partially heated.

30 In the lower part of gas / liquid separator 19, the water condensed from the
mixture of hydrogen and steam and cooled .in the cooling coil 14 accumulates
in a second liquid collecting area 45. In the bottom of area 45, a discharging
conduit 46 is connected that leads to the valve 37. Two level sensors 47, 48

are placed in the area 45 and connected to the control unit 29, working similar



REFERENCE LI ST 1hydrogen generator 2fuel canister 53conduit 4check val ve
S5punp 6conduit 7reaction chanber 1010fi xed bed catal yst device 1lheater
12f ans 13gas outlet 14cooling coil 1519gas / |iquid separator 20filter
units 2lpressure regulator 22conduit

to level sensors 39, 40. The valve 37, controlled by control unit 29, can block
the exit of the liquid through the discharging conduit 46, can connect the
discharging conduit 46 to the conduit end 38 so as to discharge the condensed
water or can connect the discharging conduit 46 to a conduit 49, located to a

5 point upstream of the pump 5 either into the fuel container 2 or directly into
pump 5. The latter can be suitable for a cleaning cycle for restarting the
generator after an interruption, thus preventing clogging of the system by
crystallization; or for diluting the solution of the metal hydride.

10
According to different embodiment shown in fig. 2, located directly in the
reaction chamber 7 and fixed by fixing devices 51 there is a solid block 52 of a
chemical hydride. A reaction agent in the fuel container 2 that is an aqueous
acidic solution such as phosphoric acid to which possibly a catalyst is added,

15 is transported via the conduit 3 to the check valve 4 and pump 5 and further to
a distributer 53, that is located at the top of reacting chamber 7 and arranged
to spray the reaction agent to the solid block 52 thereby originating the
reaction. The gas outlet 13 in this embodiment is situated near the bottom of
the chamber 7, but above the liquid collecting area 30 as in the embodiment of

20 fig. 1.

Fig. 3 shows a still different constellation of the reaction chamber 7, which is
supplied by the fuel solution of fig. 1 and is equipped with the fixed bed

25 catalyst device 10 and comprises cooling rips 54, and the liquid collecting area
30 is constructed as a separate container 55 connected to the catalyst device
10 by a tube 56. The gas outlet 13 is arranged in the top part of the container
55, and the exHaust products outlet at the lower part of the container 55 at a
level lower than the lower level sensor 39.

30

In the graph of fig. 4, the pressure in kPa at the ordinate is plotted against the
temperature in °C at the abscissa. Three curves 60, 61, 62 show limits of the

correlation between pressure and temperature. Curve 60 shows generally the



23fuel cell system 20 27pressure sensor 28tenperature sensors 29contr ol
unit 30first liquid collecting area 3lexhaust products 2532exhaust products
outl et 36conduit 37controllable valve 38conduit end 391 ower liquid |evel
sensor 3040hi gher quuid | evel sensor 45second |iquid area 46conduit
471 I 48| evel sen
eve Fe%lggrgture |lmvlt depen dsent on the pressure, in the area left of curve 60 (lower
temperatures) the danger of crystallization is too high. Curve 61 and 62,
referring to the embodiment of fig. 1, show limits of the correlation of pressure
and temperature for different concentrations of sodium borohydride in water,
5 i.e. curve 61 for a 25% and curve 62 for a 20% solution, wherein for both
cases the operating points should be selected between curve 60 and curve 61
or respectively 62 for obtaining optimal conditions to avoid crystallization of the

exhaust products. These curves appear in the tables of claims 10 to 12.



49condui t 51fi xi ng devices 52solid bl ock 53distributer 554cooling ribs
55cont ai ner 56t ube 60curve 6lcurve 10 62curve CLAIMS 1Hydrogen gener at or
(1) conprising a container (2) for containing an 5 aqueous solution of at
| east one netal hydride, a reaction chanber (7) containing a catalyst (10),
a punmp (5 r i t he aqueous solution fromthe container to the
react or c%gkgggﬁaggﬂﬁglt liquid collecting area (30) conmunicating with the
react or chanber for collecting the reaction exhaust products (31), an
exhaust products 10 outlet (32) exiting fromthe collecting area and a gas
outlet (1B) fdiydssgemgenergterne gaseous products, characterized in that the
exhaust p odu&ts out.l.et opens to the environnent via a controllable val ve
(37). 2. dr thGﬂBﬂEFator (1) conprising a container (2) for containing a
15 |i gui d3r eacddriduitagent, a reaction chanber (7) containing at |east one
metal hydride in solid form (52), a punp (5) for punping the liquid
react i on 4gentcheckmaiM@e container to the reaction chanmber, a first |iquid
col l ectin, arggﬂé 0) conmunicating with the reactor chanber for collecting
the reactfon st products (31), an exhaust products

6 conduit

7 reaction chamber
10 10 fixed bed catalyst device
11 heater
12  fans
13  gas outlet
14 cooling coill
15 19  gas/liquid separator
20  filter units
21 pressure regulator
22. conduit
23  fuel cell system
20 27 pressure sensor
28 temperature sensors
29 control unit
30 first liquid collecting area
31 exhaust products
25 32 exhaust products outlet
36  conduit
37  controllable valve
38 conduit end
39 lower liquid level sensor
30 40  higher liquid level sensor
45 second liquid area
46  conduit
47 level sensor

48 level sensor

12



20 outlet (32) exiting fromthe collecting area and a gas outlet (13) for
extracting the gaseous products, characterized in that the exhaust products
outl et opens to the environnent via a controll able valve (37). 3. The
generator according to claiml1l or 2, characterized in that the 25reaction
chanber (Z% cont%i S tenperature (28) and pressure sensors (27). 4. The
gener at or*accdri HB to claim3, characterized in that the reaction chamber
(7) is cogpl eq‘ixtirﬁb §eWwess ature adjusting devices (11, 12). 30 5. The
generator according to claim4, characterized in that the sensors (27, 28)
are conne®? ed sabiddledntrol unit (29) controlling the punp (5) and the

t enper at u$:g ad&iwﬁihi%g devices (11, 12). The generator according to any of
clainms 1 5,98t eri zed in that the first liquid collecting area (30)
cont aisns 44 r steddlifigiris! evel sensors (39, 40) coupled to a control unit (29)
controlling the controll able valve (37). The generator according to any of
claims 1 % 6,caf@if@kterized in that a conduit (36) extending fromthe
exhaust péé)duc‘tégeoutlet (32) via the controllable valve (37) to a conduit
end (38) TarriesS heating devices at |east along part of its length. The
gener at oré@ccauvenrg to any of clains 1 to 7, characterized in that the gas
out | et (1{ is coupled via a cooling device (14) to a gas/ liquid separator
- (19) cont®l ni f$"¥€ second liquid collecting area (45) including second

i quig | I ors (47, 48), to said area a discharging conduit (46) is
connected whic eads via a controllable valve (37) alternatively to the
environment or to a point upstreamof the punp (5). The generator according
to any of clains 1 to 8, characterized in that the exhaust products outl et
(32) opens via a controllable valve (37) to a container open to atnosphere
that accunul ates the reacti on exhaust products (31). A nethod of operating
t he hydrogen generator according to claim5 or any of clains 6 to 9 if
referred to claim5, characterized in that the reaction in the reaction
chanber (7) is carried out at a tenperature, the mninmum tenperature being
defined by a curve (60) connecting the points of the follow ng table:
Tenperature (C) 70

13



85 100 115 Pressure (kPa) 100 300 800 1200 11.The method of claim10 if
referred to claiml, characterized in that when using a 25%
sodi um bor ohydri de (NaBH4) solution in water 30(H20) the pressure in the
reaction chanber (7) is controlled by the punp (5) dependent on the
naxinun1tepgﬁhgture according to a curve (61) connecting the points of the
fol |l ow ng . Tenperature (C) 85 100 115

1. Hydrogen generator (1) comprising a container (2) for containing an

5 aqueous solution of at least one metal hydride, a reaction chamber (7)
containing a catalyst (10), a pump (5) for pumping the aqueous

solution from the container to the reactor chamber, a first liquid

collecting area (30) communicating with the reactor chamber for

collecting the reaction exhaust products (31), an exhaust products

10 outlet (32) exiting from the collecting area and a gés outlet (13) for
extracting the gaseous products, characterized in that the exhaust

products outlet opens to the environment via a controllable valve (37).

2. Hydrogen generator (1) comprising a container (2) for containing a

15 liquid reaction agent, a reaction chamber (7) containing at least one
metal hydride in solid form (52), a pump (5) for pumping the liquid

reaction agent from the container to the reaction chamber, a first liquid

collecting area (30) communicating with the reactor chamber for

collecting the reaction exhaust products (31), an exhaust products

20 outlet (32) exiting from the collecting area and a gas outlet (13) for
extracting the gaseous products, characterized in that the exhaust

products outlet opens to the environment via a controllable valve (37).

3. The generator according to claim 1 or 2, characterized in that the
25 reaction chamber (7) contains temperature (28) and pressure sensors
(27).

4. The genera;tor according to claim 3, characterized in that the reaction
chamber (7) is coupled to temperature adjusting devices (11, 12).
30
5. The generator according to claim 4, characterized in that the sensors
(27, 28) are connected to a control unit (29) controlling the pump (5)

and the temperature adjusting devices (11, 12).



130 Pressure (kPa) 300 550 800 1050 12.The nethod-of claim210 if
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11

referred

characterized in that 5when using a 20% sodi um bor ohydri de

(NaBH4) solution in water (H20) the pressure in the reaction chanber (7) is

controlled by the punp (5) dependent on the maxi mum tenperature accordi ng

Zﬁconnectln & points o thefoII V\nngtable .Tenperature
he cqarding

to a CUI’V

(C) 70 85 100

10

15

20

25

30

10.

11.
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the first liquid collecting area (30) contains first liquid level sensors (39,

Kpzany of claims 1 characterlzed in that
40) coupled to a control unit (29) controlling the controliable valve (37).:

The generator according to any of claims 1 to 6, characterized in that a
conduit (36) extending from the exhaust products outlet (32) via the
controllable valve (37) to a conduit end (38) carries heating devices at

least along part of its length.

The generater according to any of claims 1 to 7, characterized in that
the gas outlet (13) is coupled via a cooling device (14) to a gas/ liquid
separator (19) containing a second liquid collecting area (45) including
second liquid level sensors (47, 48), to said area a discharging conduit
(46) is connected which leads via a controllable valve (37) alternatively

to the environment or to a point upstream of the pump (5).

The generator according to any of claims 1 to 8, characterized in that
the exhaust products outlet (32) opens via a controllable valve (37) to a
container open to atmosphere that accumulates the reaction exhaust
products (31).

A method of operating the hydrogen generator according to claim 5 or
any of claims 6 to 9 if referred to claim 5, characterized in that the
reaction in the reaction chamber (7) is carried out at a temperature, the
minimum temperature being defined by a curve (60) connecting the

points of the following table:

Temperature
) 70 85 100 115
(°C).
Pressure
100 300 800 1200
(kPa) -

The method of claim 10 if referred to claim 1, characterized in that
when using a 25% sodium borohydride (NaBH,) solution in water

(H20) the pressure in the reaction chamber (7) is controlled by the



100 150 230 350 500 1013. A method of operating the hydrogen generator
according to claim®6 or according to any of clains 7 to 12 if referred to
claim®6, characterized in that the controllable valve (37) connected to the
exhaust products outlet (32) of the first liquid collecting area (30) opens

and closes in intervals controlled by the first liquid |evel sensors (39,
40). 15 14. A nRYABA( fg‘?ﬂfé}&ﬁ”?rfﬁ’ g'PFé ’H?HPBﬁgnteMg%%ra%@é‘ﬁpainat o claim
8 or accordin ' Onbi ' o claim 8,

characteri zedg(l;anrg?ﬁglap ﬁ‘n%%gg@(ﬁ Pgﬁfsé&vﬂgg\fgﬁé\g%qg%%hect ed to the

di schar gi ng clohetoperatd®) | out | et of the segond liqujd collecting area (45)

opens and cl os(g in 20int8Pval s ¢3BProl | ed1b§ the sEbnd lilquid | evel
sensors (47, @& é)

Pressure
(kPa)

300 550 800 1050

12. The method of claim 10 if referred to claim 1, characterized in that

5. when using a 20% sodium borohydride (NaBH4) solution in water
(H20) the pressure in the reaction chamber (7) is controlled by the

pump (5) dependent on the maximum temperature according to a

curve (62) connecting the points of the following table:

Temperature
. 70 85 100 115 130
(°C)
Pressure
100 150 230 350 500
(kPa)

10 13. A method of operating the hydrogen generator according to claim 6 or
according to any of claims 7 to 12 if referred to claim 6, characterized
in that the controllable val\)e (37) connected to the exhaust products
outlet (32) of the first liquid collecting area (30) opens and closes in

intervals controlled by the first liquid level sensors (39, 40).

15
14. A method of operating the hydrogen generator according to claim 8 or
according to any of claims 9 to 13 if referred to claim 8, characterized
in that the controllable valve (37) connected to the discharging conduit
(46) outlet of the second liquid collecting érea (45) opens and closes in
20 intervals controlled by the second liquid level sensors (47, 48).

10



