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t hat hydrogen can be generated by hydrolysis of a
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bor ohydri de. MEYAOBIND SENERNTUR FORHYIROGENHRAMUCHBNR! Yi ng fuel
cells or hydrogen conmbustion engines with the necessary hydrogen.

Generating the hydrogen by a chem cal reaction as stated above enabl es
rel atively conpact and safe generators if conpared with hydrogen tanks

under hi gh pr . ' sary to have sone control of the
generation deﬁiﬁ@éﬁr’zﬁl'ﬁ/gkﬁgﬁénd of the consum ng device, respectively on
the effective power demand of the | oad, by a systemwhich itself should be
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fuel cell which, as a by-product, "produces wast according to
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and a hydrogen outlet from the reaction chamber.
BACKGROUND OF THE INVENTION

It is known that hydrogen can be generated by hydrolysis of a hydride
reacting with water, the hydride being for example a metal hydride or a metal
borohydride.

Hydrogen generators can be useful for supplying fuel cells or hydrogen
combustion engines with the necessary hydrogen. Generating the hydrogen
by a chemical reaction as stated above enables relatively compact and safe
generators if compared with hydrogen tanks under high pressure. It is
necessary to have some control of the hydrogen generation dependent on the
demand of the consuming device, respectively on the effective power demand
of the load, by a system which itself should be simple and tightly arranged.

From GB 970420, a system is known that produces hydrogen from an
exothermic reaction of magnesium hydride with water, wherein the pressure
of the hydrogen is sensed to control the operation of a pump, defining the
water supply rate. The hydrogen powers a fuel cell which, as a by-product,
produces waste water that, according to this prior art, is used to feed the
hydrogen production in the reactor.

From US 2008/0075987 A1, another hydrogen generator as stated
above is known which also is controlled on demand by controlling the amount
of steam injected into the reaction chamber. The amount of steam reacting
with the magnesium hydride is proportional to the amount of hydrogen gas

generated. For start-up, electric heaters in some sort of boiler are used for
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From US 2008/ 0075987 Al, anot her hydrogen generator as stated above is
known which also is controlled on denmand by controlling the anobunt of steam
injected into the reaction chanber. The anount of steamreacting with the
magnesi um hydride is proportional to the anount of hydrogen gas generat ed.
For start-up, electric heaters in sonme sort of boiler are used for heating
the water to vaporize before it enters the reaction chanber. After start-up
the water is vaporized in the boiler by heat recovered fromthe exothermc
reaction in the reaction chanber; the boiler could be provided as an

i ntegral conponent of the reaction chanber. In the prior art, there
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To attain this _aqbj ecg accortdi g% to.a fjrst aspect of the invention, the
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water, by its NP &P ?P;S*bWe? §°t'§’[}6 TR as liquid to be vaporized in
t he reacti on chanbilarthe price.artafhieer is ghesprabemng cphiadiagtthe whieqsupmplywateer ent eri ng

the reaction %@lmFenicétVtﬂgg!fﬁeéeﬁgpésrgﬁte%pé Ja%’? MeydR cﬁ@?%;@[i ginated by the

reaction, and an externa avol de Ing to a second
aspect of the invention, the hydride which can be the hydride of a 1-val ent

metal , e.g. |iddMMARMNGH rdeIN@ENAORr Val ent netal, e.g. nmagnesium hydri de,
or a 3-valent netal, e.g. alumnum hydride, or a 4- valent netal, e.g.

titanium (1V) hydride, a stoichionetric factor x in the foll ow ng equations

shal | be cont np|sl & olettbmtnt heveRedd® PRVIdE N adkbitiodt &idvah sppatat@jfest i ng t he
reaction conditi onglé%gayr&n?artl cul ar_the . water

: € . supply rate, in relation to

e hydr ogen GEREPLEHAERS ) S olomlmARoRer ERERN BB of | owi ng 1 our
equations: MH + x F2@rtair thid-objectydcordingoe b) firdddpect&f, thdlirsentioy, ittt ng a
1-val ent met al\n’/até(r, B)E/'\iitrs]%aité]r stu?)glyi rQ e?risvgl.llppﬁéd (a)é ﬁa'ui(tl ?o %ég\/-aporized in the
reaction chamber, i.e. after a starting phase the liquid water entering the
reaction chamber is vaporized instantly by the heat originated by the reaction,
and an external boiler is avoided.

According to a second aspect of the invention, the hydride which can
be the hydride of a 1-valent metal, e.g. lithium hydride, or a 2-valent metal,
e.g. magnesium hydride, or a 3-valent metal, e.g. aluminum hydride, or a 4-
valent metal, e.g. titanium (IV) hydride, a stoichiometric factor x in the
following equations shall be controlled within the below mentioned intervals
by adjusting the reaction conditions, in particular the water supply rate, in
relation to the hydrogen generated, the value x being defined by the following
four equations:

MH + x H20 — (1-x) M0 + (2x-1) MOH + Hy,

M symbolizing a 1-valent metal, x being in the interval of 0.51 to 0.9;

MH; + x H20 — (2-x) MO + (x-1) M(OH), + 2 H,,

M symbolizing a divalent metal, x being in the interval of 1.02 to 1.8;

MH3 + x H2O — (1-1/3 x) M203 + (2/3 x -1) M(OH)3 + 3H;,

M symbolizing a 3-valent metal, x being in the interval of 1.5 to 3;

MH4 + xH,0 — (2- 1/2 x) MO, + (1/2 x -1) M(OH)4 + 4H;,

M symbolizing a 4-valent metal, x being in the interval of 2.04 to 3.6,

divalent metal M and particularly magnesium being preferred.



M2 + x H2O -> (2-x) MO + (x-1) MOH)2 + 2 H2, Msynbolizing a dival ent
netal, x being in the interval of 1.02 to 1.8, M3 + x H20 -> (1-1/3 Xx)
M203 + (2/3 x -1) MOH3 + 3H2, Msynbolizing a 3-valent netal, x being in
the interval of 1.5 to 3; M# + xH20 -? (2- 1/2 x) M2 + (1/2 x -1) MOH) 4
+ 4H2, M synbolizing a 4-valent netal, x being in the interval of 2.04 to
3.6, divalent netal Mand particularly magnesi um being preferred.

The solid reaction products nay be formed as two discrete substances or as
one substance having the atom c ratios corresponding to the sumof the

oxi de and the hydroxi de product. The stoichionetric factor x defines
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1.1 to 1.45, and even nore preferably in the interval of
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stoichiometric factor of the reaction from the start to the completion.
Completion is herewith defined as the reaction status where 90% of the initial
amount of hydride is converted.

For the divalent metal hydride, a preferable range of x is in the interval
of 1.1 to 1.45, and even more preferably in the interval of 1.2 to 1.3.
Especially for applications with critical weight and/or volume of the hydrogen
generator, e.g. portable devices or devices to be used in aerial vehicles, a low
value of x causes at a given desired hydrogen capacity low weight and
volume of the necessary water.

However, as mentioned, x can as well have the meaning of a
measurable momentary parameter x(t) which characterizes the quality of the
reaction at any given time. x(t) can be straightforwardly calculated from
measurements of momentary water supply flow and momentary hydrogen
flow. The latter is in good accuracy proportional to the current of the fuel cell
and thus is easy to measure. The resulting value and the history of former
values indicate whether a correction of the reaction conditions is necessary or
not.

Similarly as in the prior art, a preferred hydride is magnesium hydride
(MgH), preferably having the form of a granular material, e.g. a powder, with
an average particle size of less than 50um and more preferably of not more
than 10pum and a granular packing density between 0.4 g/cm® and 0.7 g/cm?.
Such granular material guarantees sufficient gas permeability for hydrogen

and water vapor all through the reaction. The magnesium hydride and the



However, as nentioned, x can as well have the neaning of a nmeasurable
nmonment ary paraneter x(t) which characterizes the quality of the reaction at
any given tine. x(t) can be straightforwardly cal cul ated from neasurenents
of nmonmentary water supply flow and nmonentary hydrogen flow. The latter is
in good accuracy proportional to the current of the fuel cell and thus is
easy to neasure. The resulting value and the history of forner val ues

i ndi cate whether a correction of the reaction conditions is necessary or
not . Simlarly as in the prior art, a preferred hydride is magnesi um
hydri de (MyH2), preferably having the formof a granular material, e.g. a
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first step of dissolving the phosphorous-pent-oxide to form phosphoric acid



For carrying out the above nethod, a hydrogen generator is appropriate,
conprising the reaction chanber, a water supply inlet into the reaction
chanber, and a hydrogen outlet fromthe reaction chanber, wherein in series
with the hydrogen outlet wthin the reaction chanber a porous materi al

per neabl e to hydrogen, but not perneable to the hydride is arranged. This
porous material, e.g. carbon cloth, glasfibre fleece etc., supports the
hydrogen col l ection and transfer, prevents bl ocking of outlets of the
reacti on chanber by the hydride and the escape of sone hydri de and
furthernore provides for at |east partial thermal insulation.
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to the system Mre favorable is the use of an electrical buffer, i.e. a
rechargeabl e battery, provided that the dinensioning of the electric power
out put of the fuel cell is higher than & he maxi num power demand of the

| oad. The buffer bal ances the hydrogen flow rate of the hydrogen generator
agai nst the power demand of the |oad and thus the el ectric power output of
the fuel cell. To achieve a lightweight and conpact fuel cell system
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For easy handling of the hydrogen generator as well as safe and fast
recharging, the reaction chanber or additionally the water storage vessel
are designed as repl aceable cartridge, recyclable or disposable. To
ensure the operational capability of the hydrogen generator in a w de
tenperature range, a requirenent e.g. for mlitary aerospace applications,
an anti-freeze is added to the water within the water storage vessel. The
applied additive is selected as not to block the reactor and not to cause
severe side reactions within the reactor, and furthernore is not to emt
substances whi ch could poison the fuel cell. BRI EF DESCRI PTI ON OF THE

DRAW NG The f ofigefintdl grivfly felitiv& &) the B R6rh SThef readtioh @Rambét iggvivhages of the
present invention will becone apparent fromthe follow ng description of a

preferred embdCHESAL INynisyeprach P¥ o hydide rheingclbsaiaMAra MaNe % dr awi ngs.
Fig. 1 shows aybitegkn gahdratsyednq:msbea M@ ted fopddeadssidl tdmehmddsrogeéhsftwwn a

hydr ogen gener.at or cgorr \?e &” thetl ventt Ol a6 vessel -

| ongi t udi nal JBdRe é’V\f‘% Sf??@‘f Sa‘ﬁg at'P Gl of 5% é\%YP%&Pl 3‘ reaction
chanber of t heohyettearyenthgemeiradear outlet of theFregctidd thsanmber omgvaterdoutiat secti on
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gener at or; section Vi ew o
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PREFERRED ENB% MEMnt of water to be stored, and the hydrogen outlet is connected to a
hydrogen collecting body within the vessel, having a porous wall which is
permeable to hydrogen and impermeable to water; and the water outlet is
connected to a hose open at its far end and having a weight at its far end, the
hose being as long as to reach the most distant area in the vessel. This
guarantees that in all orientations of the system the hydrogen collecting body
reaches a space free of water and the water outlet always reaches a space
under water. The hydrogen collecting body can preferably consist of a tube of
porous polytetrafluoroethylene, the tube being formed as a coil penetrating
through the complete length of the vessel. The water storage vessel also acts
as a condenser; together with hydrogen also residual steam leaves the
reaction chamber and is collected in the water storage vessel. The steam
condenses there and is added to the water already stored within the vessel.

Also for light and portable applications that require a compact electrical
power supply, it is of advantage to connect a fuel cell as consuming device to
the hydrogen system. In this case water can as well be recycled from the
cathode exhaust gas and/or even anode exhaust gas of this fuel cell. A
double recycling system for water from the residual water in the hydrogen
flow of the reaction chamber and from the product water of the fuel cell is
thereby provided.

Since the maximum favorable hydrogen generation rate depends on
the remaining MgH, in the reactor, at the beginning of the reaction more
hydrogen can be generated than towards the end. For supplying a load which
is powered by the fuel cell system with sufficient power at any time, the use of
a buffer storage is of advantage. This buffer can be a simple gas storage
device which however adds substantial volume and weight to the system.

More favorable is the use of an electrical buffer, i.e. a rechargeable battery,



Fig. 1 shows a fuel cell system 1 conprising a fuel cell 2 and a hydrogen
generator 3. The fuel cell 2 is coupled to the hydrogen generator 3 via a
pressure reduction valve 4 inserted into a hydrogen outlet 5 and via a
control and electric output cable 6. In the hydrogen generator 3 the
mai n conponent is a reaction chanber 10, conprising a water supply inlet 11
and a hydrogen outlet 13. The water supply inlet is coupled via a water
line 14 and a punp 15 to a water storage vessel 16; the water |ine 14
optionally also contains a water pre-heater 17 using the waste heat from

t he hydrogen generation reaction. The water storage vessel 16 also is

connect ed Vi a oVl Bgehe ldiriéhsBRingQf tieebMtbE pawsr sugitet thkFudfcelifie reaction
chanmber 10. Tq.the hédro%en i ne 20, a '%efsguhea s]ensor 2% and an excess
pressure val vé"$¥T §128 tag,Raypugpower demarg,ar the inaf [ he,iifer Palanaes e ut put
cable 6 i s comydriged fibw rate ofltee hydrogenh deradorZdainsatheypangr desand bdl unit 24,
a battery 25, a. pauer, aiLML 4CORDESHd ANlBloli, Al and optional Iy
short-circuit Swtches and Turtner equi Bment e(not shown) usual to control

t he operation of theathiete gdphtwighTard camnpacd fuelinelt s@tenmitss durthenntct i on ( not
shown) to the [ i ' ve 4, a
control cable a%%grftg&{ Eoer%r%gg%ﬁ%%og ?é#%éérrrbiétp%ﬁﬁﬁgélfﬂrtﬁ g}r&é(_‘f%n%n%%i on (not
shown) to the g6/ to1Be apnlied kuthe seactipn phanihenda theigase hthe hydiide bingabl e 27 i's

connected t o SEHSAES métA MAFGd G AbgleRivhPARFHA! AHENE SBREKSs QNREz)shown) .
To overcone the conplex handling of "refilling the reaction chanmber 10 with

the hydride, dWPepPlatiediPieincthet Mdmisismacixnpiorytenlva RO CEAMTPEN chamber 10

and the wat er \HieW, ¥0ogsedas 2eluelléelli genpraty tHdewlo Mavdfiveatétadalin. Ganpaet or s (not
shown) to all relevant %%agqrand el ect tacts of the cell system

) _ | fr'c_cn he fuel
1 Thi's car t ri@GRImRDSdraler SReapLbE TR0 STl BEoBPTaldhosed.
The' exot her m awitheac fuedncell akilentheplalicllyl Balbheed edaidven wheennolObe s def i ned
whi ch i s a corBraaua M by kFsmyse WaL bl e iblsel WM e 70, 420
and from US 2068:ta07598,7in AarticMal the dif2llbw, biDalso dithizhe hydrogen flow, if a
hydrogen purge mechanism is applied. Therefore in practice typically only
60%-70% of the water produced by the fuel cell can be recovered for the
hydrogen generator. Thus, if water balanced operation and thus high system
energy density is desired, according to the invention control of x to the
preferred values is carried out.
For easy handling of the hydrogen generator as well as safe and fast
recharging, the reaction chamber or additionally the water storage vessel are
designed as replaceable cartridge, recyclable or disposable. '
To ensure the operational capability of the hydrogen generator in a
wide temperature range, a requirement e.g. for military aerospace
applications, an anti-freeze is added to the water within the water storage
vessel. The applied additive is selected as not to block the reactor and not to
cause severe side reactions within the reactor, and furthermore is not to emit

substances which could poison the fuel cell.
BRIEF DESCRIPTION OF THE DRAWING
The foregoing and further objects, features and advantages of the present

invention will become apparent from the following description of a preferred

embodiment with reference to the accompanying schematic drawings.



MH2 +2 H20 - MOH)2 +2 H2 wherein M synbolizes a divalent netal and the
val ue x determnes the relation between the |atter two equations and can be
described to be a water consunption value. Upon use of a dival ent netal
hydride, for optimal effectiveness the value x is preferred to be
controlled to be from1.2 to 1.3. For magnesi um hydride MgH2 as
divalent netal hydride, liquid water fromthe water storage vessel 16 is
injected via the water supply inlet 11 into the reaction chanber 10, the
wat er supply rate being determ ned by the punp 15. Hydrogen resulting from
the exotherm c reaction, and residual water vapour not consuned by the
reaction |eave theFrbe@“shb\QQ aCfUé’rrﬂeﬁrs éiQth')e?ngt S5phd VA9 8 Dar8 A %mlé” and are
forwarded via the hydrogen line fy he water storage vessel 16, which,
for the water Rvdisan ge%ﬂf?t@'%ﬂc%"%oéf‘%'am@ﬁ%er and thus recycles the water.
An addi tional condenser (not shown) sorrewhere al ong line 20 can al so be
used to condense a | e resi du Water The ent g t he
storage vessel 16 'gaé/ 9@“‘\/@%%? °&é'e\% a fiat rﬁ?%ﬁ'&‘ﬁg EPf"P and i's
fed to the fuekaaiehlcha@nber of the Wtirohas yeneadityt; ng | oad of fuel cell 2 or toward
the end of the hydrogen production, e.g. limted by the anount of fuel,
probl ens can arise in adjusting the required hydrogen flow or hydrogen
pressure for the fbigl3 ised Ipngitudimai secligrotivve A @ sgrobe reatisatied obg reastiony a gas
buffer vol ume, agpkNAWe hyirddaR RhératolNi S however increases size and wei ght
of the systemdramatically. ~ Therefore, for conpact systens, an electric

buffer, i.e. the battery 25, can be used. To achi eve the val ue x

bei ng in the preferigedisrApa6tuainallsedtidrovidw 8f a EliRdR@NVARF stbragevbsyas of the
fuel cell sysh}grﬁ ]}HI s shown hereafter. Before starting water supply,
the reactor s dragea g8 e9™at | east 80C, preferred are 100cC. At

regul ar operation, the reactor tenperature shall be controlled to be in the

range 220 C t ‘:‘?{Wﬁ ) above causes
substanti al '?sls‘gecorrposr éﬁ%‘?%ﬁ%%%%é&gguﬁ @Bﬁrn uncontrol | abl e

hydr ogen generatr on even if the water supply is stopped. This has to be
avoi ded. Too | I VO i My(OH) 2
and causes a I'Q ggséﬁgr)gﬁﬁ%tn%ﬁrSYQQW§%Tpiﬁn é%e%l %gléfz %@rﬂégg?@g_ﬁérfi ve water
consunpt i on araénewiasel Ukt lugl callohdd deunilatgtor the hydragen gnaeretors& vee to be
provided, fi ”adre ufk @HQ&roﬁWﬁN@WrH@éﬁgaqqtoa é/drogéln B@t%‘t'@ n é}@&ﬁrtd on can be
qurtefast i f e wat er vapour part re and us the total
pressure are rﬁngreleorrtc quépuheablé Bvor abl e for | ow rel ati ve wat er consunpti on

to approach the |iwthe hﬂi‘rod&ﬁgfetnb&'fbrf36}h@ma%n4p%ﬁ&ﬂﬁséF&%cﬁ@{&fam\bépour
parti al pressure i s at |venten@erature value x will be,

and vice versal0 8PREENG2 WG SUPR% el 1 1p%ﬂdt"l"QVdrBQ%h%‘d}reé1?'anieh\%‘atPéactor i's

not deatSI ly det@@prahﬂret, is bbuﬂlefij ﬁ@b@v&@ﬂlﬁ@rﬂu&éﬁd atf urhb I’ﬂitto bh@t&%@@@n
proauction ra seen r ow rate I n rogen
e 5 tha et Bate eaLIt b oPishel G5 abiana & Moies P (4T oy at
OCcC) per kg ofussig the wasteerwat emmvm&hwagai getkrationt reecmwradmerwamd nor e
preferably sho | d be

ers H2 The | ower
Phe hydrogen s res§hre 8 R SpeRghom o hdrish ket Buf nd¥Plon g
rel ative wat erorﬁeh@nptheoneawtwhtmamber 10. To Frer hyslmgehyina R0t laeprbsrarcb which is
powered by the I ) ut connection 26, with
the sufficient ew& 21 a%d % e&é%s%{?eélss Fe Vahg%gg?g\@%gﬁtgg to function as
el ectric buff er I ThQ h@ntl‘Od)add gt dUéBE ce!rrlerﬁgy aohegrterliispan elgctgnic he f uel

cell 2, especig Jz?tcﬁFrQE%?fcghf?&é@Q zgfatbQ ?ﬁré’g&gerp@ﬁ@ﬁ%hﬁ%nor?xcess

energy is stored 1 n 't omar rogen
production, tH#8 ﬂ@yﬁjb@g@ndﬂpmdlbébweslrwﬁ@wm airldsfurﬂnéhiequ@mm &gt put from

the fuel cell showPPUd i tG%oﬁt?dNFe%e'réluo%ﬁ’fﬁl’e bt cBI SVigRIcoMi aKRbaRLE | ar ge
val ues of x. M ssing power can then be supplied to the |oad by the battery
25 a connection (not shown) to the pressure sensor 21 or to the preSsure

reduction valve 4, a control cable 27 to the reaction chamber 10 and a further
connection (not shown) to the pump 15. At the reaction chamber 10, the



Fig. 2 is a longitudinal section view of a first realisation of a reaction
chanber 10. It has the water supply inlet 11 and the pipe connections (two
bei ng shown in the drawing) constituting the hydrogen outlet 13. It
conprises MgH2 as granul ar hydride 30 with a particle size of 5pmand a
density of 0.5 g/cnB, filled in a cylindrical housing 31 through which the
inlets and outlets 11 and 13 penetrate. The water supply inlet 11 continues
into the housing 31 as an axial evaporation tube 32, perforated here
uniformy by a lot of holes 33 (sonme ones only being shown), wapped by a
coat 34 of porous material perneable to steam but not perneable to the
granul es of hydhirsl@ad@ 22nécaiiecREidTBHIbR, indartictlar & WaBFaturs demsorat eri al s
being known in the art. A woven, hydrophobic carbon cloth such as is
usual |y used f@ﬁsﬁPﬂﬁbrlng gas di ffusi on el ectrodes for fuel cells havi ng a

thi ckness of 0.35nTp ber€orkd i dompRRMaf@INgas eefiling trtéwneactwnrqnemeer fthe coat 34
t hus prevents ranular dride 30 as

estion of t hol e by the
well as a contvﬂ@ttﬁ%ﬂycfwg ?\Wﬁﬁcﬁé}ﬁ%ﬁawd@ﬁigi ﬁ%’t‘&i'swg R teacion Clhéﬂbgr avoi ds
the devel opment0 id teé watey stokagehvessen 16lipriovitiée Hayidg cqgleklcomtebmts (8t The inner
wal | of the h 3 i Lous
mat eri al pern%ggwg)gtto a 'Je%rv %ﬁerﬁécﬁ%ta R%e C{rfcryonggiée ftt@gﬁjr?pca a)g es of the
hydri de 30. ThTéNSr@af@d@Q)Zﬁ tstaétﬁbae pI@‘e$mmaH3erecmﬂ@ttd@oa¢ﬂ eI ectric resistor
37 15 connect edvi o Ratng e Rl kg B oo e 3G e
liquid water elefieqd %th?@oekﬁaﬁﬁh%tﬁ‘on tube 32 is evaporated in the t ube by
the heat resulting frompgle: en?he(m o eaghh mopnd 2 A, t he areas
i mredi at el y behind the hol'es 33, the resulting steamreacting with the
hydride 30. Theigy i eg@crmbjnat@nn@tt&@ following stwpeeqiiations seovet freMe$SB hr ough t he
hydride 30, wWizghowiahi frbRASaGdenth75b8EAFONt @i Ns nmore and nore the
by- product s MO and MOH)2, and the Tinin 35 t hat | eads the hydrogen to the
pi pe connections of the hydroge¥HothtEt— 2H2 Before start of the
reaction, theterrperaturem,t,lpie rq_@ﬁr Cﬁ} 10 is too lowas to
convert the liquid water into eam her% fe |n such col d phases,
signal | ed by tWherénerMesryatbuhzessertﬂmtenﬂnetell et thec valeatx ldgterrsmearthle ed out by
means of the t he r hydri de 30
So as to av0| cc')(hndgent\ga%H %ﬁh%?&wgeﬁi‘a?gn{%ﬁoe?ae'a%?égﬁ{@ atﬁttobg %Er El ectric
heating wil|l alogsuretionavalug-abpen iusecefse divaleriwmetshd)ydtitesfor owtimatir ogen
hydrogen 11 me JHo Bhae A U et bl b el P el ow &
t hreshol d val ue, efg. magmsom bydmle@Agwwﬁ%wvalentsn@fﬁbhydnée liagidt Watetont r ol

uni t 24 which f?dﬁpme'\ﬁ‘a‘tertﬂ&aé@%sﬁelamﬁ nH}éété‘d g tl?@hbte?’@uﬁeﬂ}lhlehﬁfﬁwwg current
fromthe battery 25, thereby keeping the tenperature in usef ul range.

Fig. 3is al dh’@fetaﬁﬁﬁ%%ﬂa”?éht@ e W?%W‘@P'Yda@é@ﬂﬁdjeteéﬁ‘ﬂegé‘y itRFPWIP a reacti on

chanber 10. The heusdged r%&umrvyﬂr@h the blvtifer@icargakson: ahdb@skvali waket cal or
bl ock-shaped, is filled wt dri d 30 and i,s axi abﬁ [5enetrated by

the steam and PRBUIDGER™Y )}H'r g‘@é Ct'?rt Rue thengagiopha@ganiq vViedier 11, the
hydr ogen out | etydao@eamﬁtléthte ér@nmerfmrcedwmrhya%geﬁ:mhé eep@md; wgtet 0 t he coat
ayer of por oUROAES doat 16y Tmieh oh B ENRBL A Plsp e PR t hor
| ayer of poroueusrmoecléalthe4@atat Ameddtt}cﬂltlabgmnieosﬂrl (edt ®wnD: sranevtheaen i n t he
enbodi nent of her are no, heati (ofo]] [0 pent - oxi de
(P205) is pl acae%% We e-q" ?j%or B%fsedﬁf nfi%'%gr?ngxr ?:Yg% rF‘QpﬁaZQN ?eerrrgn? phosphor,
a hygroscopi c hydwgen ¢rtering the stordgenesssel 16 le@eerthisr esssels 16 nvia ted r ong
exothermc re .to(ra;@r%f?tlqu%@e@feh?oﬁg'f 165B5204) . Upon start of the water

t

supply, the he el ease the exothermc reaction is used to pre-heat
the reaction chanbét fasoyarvingatoasie@fo‘ndl esllghorn tewarBPesendeeicthe hiiiogeMgH2 t o
form H2 and p*}%nﬂlﬁb’ﬂ&?%gT e@E?%"%cﬁﬁn S%QIULI%B%mts%aH%hgé Fllﬁﬁlstllbél{t In a
t ol erabl e extent because o smal I anount he
operating tenp8edeqied hydpgep H@Waveh%%ger“e&r@ﬁ%?l f‘é’h‘é?ﬁﬁé?' tnpettit ure, for

achieving a r 9&5&8@%‘& 5@§Jl@d®9§n%% daBtdifer VhGmb ! g Rhowr Mgk g, for MgH2
from2200Cto 350°C, it is noted in sonme spe cific areas of the

reaction chanbEHS tAVeVemiRareaAsas eSizmyandi Meight s¢fgiiier isystam| yramaticalyy t hus be
al l owabl e not to control the tenperature in a closed |oop control, but to
design the heat | osses of the reaction chanber 10 according to the power
demand and profile of the specific appl9cation. According to Fig. 3,
non-|inear heat insulation is provided, having a high thermal resistance at
| ow tenperatures and a |l ow thernmal resistance at high tenperature. The heat
| oss thereby is small at | ow reactor terrperatures e.g. 180" C and rlses

. Y M . e v P L .



Further, at critical tenperature of the reaction chanber 10 above 350t to
380t sel f-deconposition of the MgH 2 starts in an uncontroll able way and
nmetallic magnesiumis produced (MgH2 -> My + H2). This reaction is

endot herm ¢, and cools down the reaction chanber 10 by itself. The desired
production of hydrogen is not controllable until the |ower tenperature is
reached again but the endotherm c nature of this reaction provides at |east
the basic safety feature of preventing thernmal runaway. Fig. 4is a

| ongi tudi nal section view of a cylindrical water storage vessel 16, for
applications where the orientation has to be insensitive. The vessel 16 is

filled W th watrrefsld, fof cémpat 8YstéBY &in ch&tlcemMiendeaths whitérgiogNtardhd Vol ume
above. The water level 46 in the depicted exanple is approximately 2/3 of

the entire ves$€f- 16. The hydrogen outlet 5 continues inside the vessel 16
as tube 47, thus cwsbrhnéwiheg/a@ehwhru@r:arthe@bdf@méd faggdofy.2 tdhes, tthhe 47

consi sts of ex dro abi c tetrafl uoroet hyl ene
(PTFE), that CD”E@&%&E”S&#%%% E% H *b"c"‘P”fqbe?f ?ﬁe&wd medi a. The PTFE
tube 47 is arrangeBefoteostading avdtéresupalyl theofeatthe shatisselhedtéd tpeanddasat es

P

through the cqmpl ?Feﬁerggl aH806L. %\E%gu@f ériati'o@ e 4reg9t8{ oM Gk Xnhiaches the

bottom of the ves cont I nuous I'nsi de the
vessel 16 as Hweseod®lled taebe dn e yanigk e3208) o BPRISt Ac t@rumatuw tlhsaip open end

and, at its opgRRceRfd &b gé%ugf'é;§h$§fa%| 3Bi- dQﬁgﬁ’poéi% ng A1, Rtidd | ic

wei ght t he hose 48 havi ng on |t2ud|
ext ensi on of trﬁ\"‘é“‘\?e@s‘é]CO’l‘GD”atﬂﬁd@’drqgﬁnaﬁWe@“PrérﬂVQ@|'foﬁ'e Wﬁtér \REPRY '5t o be

extracted fromsdgpedVEESRas thbhe svorbWatcd brleaBmbé@itrd HBRevdrhavberd 46 and
the hydrogen to be extracted fromthe vessel 16 is always taken from above

the |evel 46. formation\gjMg(OR)}eAndscayses aﬂ%’gﬁﬂ"r‘%“éed”caf?&tofé‘c%q’ WSt rom t he

cat-hode exhausarggaS|aam»(n,<afer&wagum@dearﬂxmwéquegaﬁ whsitiévingf thel lagel | 2. The
wat er gener at ed i s theoreti cabLy enough to replace the

wat er consumed'® ?/Pls[t?{g?o Eﬂ%f%@sﬁh f'@@We?%%PyS?mwﬁ actice the water |osses
of the fuel cell 2Anmkeghtthe re:atutlbm ehn dfe yuiteofaghliuthe watal hepour tpartiall . 4

e kel BRLHASHSRE Shaen0d Ay ) BIBER EPRAY censity
reIatlve water consumptlon to approach the I|m|ts of reaction rate. The larger
the water vapour partial pressure is at given temperature, the larger the value
x will be, and vice versa. Since the water vapour partial pressure in the
reactor is not easily detectable, it is more convenient to limit the hydrogen
production rate to be seen from the hydrogen flow rate in the hydrogen outlet
5. The flow rate should not exceed 9 normal liters (1013 mbar at 0C) per kg
of still un-reacted MgH, contained in the reactor and more preferably should
be less than 3.5 normal liters per kg of MgH,. The lower the hydrogen flow
per unit mass of MgH; is, the lower is the related relative water consumption
value x.

For supplying the load, which is powered by the fuel cell system 1 via
the power output connection 26, with the sufficient power at any time, the
battery 25 has to function as electric buffer. If the load needs less energy than
supplied by the fuel cell 2, especially at the beginning of the hydrogen
production, excess energy is stored in the battery 25. Towards the end of the
hydrogen production, the hydrogen flow reduces and thus also the power
output from the fuel cell 2 should be reduced in order to prevent unfavorable
large values of x. Missing power can then be supplied to the load by the
battery 25.

10



3 hydrogen generator 4 pressure reduction valve 5 hydrogen outlet 6 control
and electric output cable 10 reaction chanber 11 water supply inlet 13
hydrogen outlet 14 water line 15 punp 16 water storage vessel

Fig. 2 is a longitudinal section view of a first realisation of a reaction
chamber 10. It has the water supply inlet 11 and the pipe connections (two
being shown in the drawing) constituting the hydrogen outlet 13. It comprises
MgH; as granular hydride 30 with a particle size of 5uym and a density of 0.5
g/cm?, filled in a cylindrical housing 31 through which the inlets and outlets 11
and 13 penetrate. The water supply inlet 11 continues into the housing 31 as
an axial evaporation tube 32, perforated here uniformly by a lot of holes 33
(some ones only being shown), wrapped by a coat 34 of porous material
permeable to steam but not permeable to the granules of hydride 30 and not
permeable to liquid water, such materials being known in the art. A woven,
hydrophobic carbon cloth such as is usually used for preparing gas diffusion
electrodes for fuel cells having a thickness of 0.35mm to 0.55mm is
appropriate for this purpose. The coat 34 thus prevents a congestion of the
holes 33 by the granular hydride 30 as well as a contact of the hydride 30 with
liquid water; the latter avoids the development of slurry which can block the
hydrogen outlet 13. The inner wall of the housing 31 is covered by a lining 35,
again of a porous material permeable to hydrogen but not permeable to the
granules of the hydride 30. The reaction chamber 10 further contains an
electric resistor coil 36 allowing heating of the reaction chamber 10. A
temperature sensor 37 is connected via the cable 27 (Fig. 1)to the control unit
24,

The liquid water entering the evaporation tube 32 is evaporated in the
tube by the heat resulting from the exothermic reaction and in the areas
immediately behind the holes 33, the resulting steam reacting with the hydride
30. The hydrogen originated by this reaction penetrates through the hydride
30, which with increasing time contains more and more the by-products MO
and M(OH),, and the lining 35 that leads the hydrogen to the pipe connections
of the hydrogen outlet 13.

Before start of the reaction, the temperature in the reaction chamber 10
is too low as to convert the liquid water into steam. Therefore, in such cold
phases, signalled by the temperature sensor 37, electric heating is carried out
by means of the coil 36. This heating also rises the temperature of hydride 30
so as to avoid condensation of steam in the reaction chamber 10. Electric

heating will also be favourable in case of low load, thus low hydrogen
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17 water pre-heater 20 hydrogen line 21 pressure sensor 22 excess pressure
val ve 23 el ectronic board 24 control unit 25 battery 26 power out put
connection 27 control cable 28 replaceable cartridge

demand, thus low water supply rate and finally low hydrogen pressure in the
hydrogen line 20. Under such conditions, the temperature falls below a
threshold value, e.g. 100C to 80T, which is signa lled to the control unit 24
which supplies the resistance wire in coil 36 with heating current from the
battery 25, thereby keeping the temperature in a useful range.

Fig. 3 is a longitudinal section view of a second realisation of a reaction
chamber 10. The housing 31, which in this example can be cylindrical or
block-shaped, is filled with the hydride 30 and is axially penetrated by the
steam and the produced hydrogen. It has the water supply inlet 11, the
hydrogen outlet 13 and the temperature sensor 37. Corresponding to the coat
34 and the lining 35 of Fig. 2, the present react'ion chamber contains a layer
of porous material 41 at the water supply inlet 11 and a further layer of porous
material 42 at the hydrogen outlet 13. Other than in the embodiment of Fig. 2,
there are no heating coils but phosphorous-pent-oxide (P.0Os) is placed in the
layer 41. P,0Osis an oxide of the element phosphor, a hygroscopic powder
that, if combined with water, reacts in a strong exothermic reaction to
phosphoric acid (H3PO4). Upon start of the water supply, the heat released by
the exothermic reaction is used to pre-heat the reaction chamber 10. In a
second step the HsPO, reacts with MgH; to form H, and phosphates. The
phosphates coagulate to particles, but in a tolerable extent because of the
small amount of the P,0s.

The operating temperature, i.e. the average reaction chamber
temperature, for achieving a reasonable performance is rather uncritical,
ranging for MgH, from 220 to 350%C; it is noted, that in some spe cific areas
of the reaction chamber the temperature may differ significantly. it may thus
be allowable not to control the temperature in a closed loop control, but to
design the heat losses of the reaction chamber 10 according to the power
demand and profile of the specific application. According to Fig. 3, non-linear
heat insulation is provided, having a high thermal resistance at low
temperatures and a low thermal resistance at high temperature. The heat loss
thereby is small at low reactor temperatures, e.g. 180TC and rises
disproportionally if the reaction chamber temperature rises to 350C and
higher. Vacuum insulation, mirrored or not mirrored depending on reactor size

and average hydrogen flow demand, fulfills this requirement. Since the heat
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29 granul ar hydride 30 housing 31 evaporation tube 32 holes 33 coat 34

lining 35 coil

36 tenperature sensor 41 |ayer of porous materi al

of porous materi al

transfer is not governed mainly by conduction, which is proportional to the
temperature difference, but by radiation through a vacuum gap, the heat loss
can be proportional to the reactor temperature to the fourth power (T). Thus,
in Fig. 3, the housing 31 consists of a double wall cylinder with vacuum 43 in
between. If the above described insulation is not sufficient for avoiding excess
temperatures, known cooling techniques can be applied.

Further, at critical temperature of the reaction chamber 10 above
350T to 380T self-decomposition of the MgH ; starts in an uncontrollable
way and metallic magnesium is produced (MgH, — Mg + Hy). This reaction is
endothermic, and cools down the reaction chamber 10 by itself. The desired
production of hydrogen is not controllable until the lower temperature is
reached again but the endothermic nature of this reaction provides at least
the basic safety feature of preventing thermal runaway.

Fig. 4 is a longitudinal section view of a cylindrical water storage vessel
16, for applications where the orientation has to be insensitive. The vessel 16
is filled with water up to a water level 46 leaving a sufficient air volume above.
The water level 46 in the depicted example is approximately 2/3 of the entire
vesse!l 16. The hydrogen outlet 5 continues inside the vessel 16 as tube 47,
thus constituting a hydrogen collecting body. The tube 47 consists of
expanded, porous and hydrophobic polytetrafluoroethylene (PTFE), that is
permeable for gaseous but not for liquid media. The PTFE tube 47 is
arranged closed to the walls of the vessel 16, penetrates through the
complete volume of the vessel 16 and approximately reaches the bottom of
the vessel 16.

The water line 14 continuous inside the vessel 16 as hose 48, i.e. a
very flexible plastic tube, with an open end and, at its open end, a high
density weight body 49, e.g. a metallic weight, the hose 48 having at least the
length of the longitudinal extension of the vessel 16. Thus, in any orientation,
the water to be extracted from the vessel 16 is always taken from under the
level 46 and the hydrogen to be extracted from the vessel 16 is always taken
from above the level 46.

Water can as well be extracted and recycied from the cathode exhaust
gas and/or even anode exhaust gas of the fuel cell 2. The water generated by

the fuel cell 2 is theoretically enough to replace the water consumed by the

13
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43 vacuum 46 | evel 47 porous PTFE tube 48 hose 49 high density wei ght body
CLAIMS 1. A nethod of generating hydrogen from a hydri de being hydrol ysed in
a reaction chanber (10) in an exotherm c reaction by the addition of water,
characterized in that the water, by a water supply rate, is supplied as
liquid to be vaporized in the reaction chanber (10). 2. A nmet hod of
generating hydrogen froma hydride being hydrolysed in a

hydrogen generator 3, in practice the water losses of the fuel cell 2 make the
control of x to values smaller than 1.4 inevitable if water balanced operation
and thus high system energy density is required.

14



reaction chanber (10) in an exotherm c reaction by the addition of water,
if desired according to claim1, characterized in that the water supply
rate in relation to the hydrogen generated is controlled according to a

val ue x being defined by any of the follow ng four equations: MH + x H20 -
(1-x) MO + (2x-1) MOH + H2, M synbolizing a 1-valent nmetal, x being in the
interval of 0.51 to 0.9; M2 + x H20(2-x) MO+ (x-1) MOH)2 + 2 H2, M
synbolizing a divalent netal, x being in the interval of 1.02 to 1.8, M3 +
x H2Q(1-1/3 x) M03 + (2/3 x -1) MOH3 + 3H2, Msynbolizing a 3-val ent
metal, x being in the interval of 1.5 to 3; M# + xH20 -> (2- 1/2 x) MR +

(/2 x -1) M GBrEREMERLIGY synbol i zing a 4-valent netal, x being in the
interval of 2.04 tﬁlﬁﬁt}?j 3{ Met hod according to claim2, characterized in
that, for a divale o el

fuel cell

2
3 hydrogen generator
4 pressure reduction valve
5 hydrogen outlet

6 control and electric output cable
10 reaction chamber

11 water supply inlet

13 hydrogen outlet

14 water line

15 pump

16 water storage vessel

17 water pre-heater

20 hydrogen line

21 pressure sensor

22 excess pressure valve

23 electronic board

24 control unit

25 battery

26 power output connection

27 control cable

28 replaceable cartridge

29 granular hydride

30 housing

31 evaporation tube

32 holes

33 coat

34 lining

35 coil

36 temperature sensor

41 layer of porous material

42 layer of porous material

43 vacuum

46 level

47 porous PTFE tube

48 hose

49 high density weight body
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X is in the interval of 1.1 to 1.45, preferably in the interval of 1.2 to
1.3. 4. Method according to any of clains 1 to 3, characterized in that the
hydri de i s nmagnesi um hydride MyH2. 5. Method according to any of clains 1 to
4, characterized in that the hydride is in the formof a granular materi al
(30) having an average particle size of |ess than 50pm and preferably of

not nore than 10pm 6. Method according to claim5, characterized in that

t he granul ar packing density is between 0.4 g/cnB and 0.7 g/cnB. 7. Method
according to any of clains 1 to 6, characterized in that the rate of flow

of the hydrogen generated is kept not to exceed 9 normal liter per kg of
still un-reactedcinfhis de contained in the reaction chanber (10), and
preferably is less than 3.5 nornmal liter, normal liter meaning at 1013 nbar

and WC. 8. Method according to any of clains 1 to 7, characterized in that
the water supply ranetha o geteratingit/dmgen fiohuehydridg being hyenojyeediinur e i n t he

reaction chamber (geg):tion chamber (10) in an exothermic reaction by the addition of
water, characterized in that the water, by a water supply rate, is

supplied as liquid to be vaporized in the reaction chamber (10).

2. A method of generating hydrogen from a hydride being hydrolysed in a
reaction chamber (10) in an exothermic reaction by the addition of
water, if desired according to claim 1, characterized in that the water
supply rate in relation to the hydrogen generated is controlled
according to a value x being defined by any of the following four
equations: |
MH + x H,O — (1-x) M20 + (2x-1) MOH + Hy,

M symbolizing a 1-valent metal, x being in the interval of 0.51 to 0.9;
MH; + x H20 — (2-x) MO + (x-1) M(OH); + 2 Hz,

M symbolizing a divalent metal, x being in the interval of 1.02 to 1.8;
MH3 + x H20 — (1-1/3 x) M2O3 + (2/3 x -1) M(OH)3 + 3H>,

M symbolizing a 3-valent metal, x being in the interval of 1.5 to 3;
MH,4 + xH20 — (2- 1/2 x) MO, + (1/2 x -1} M(OH)4 + 4H;,

M symbolizing a 4-valent metal, x being in the interval of 2.04 to 3.6.

3. Method according to claim 2, characterized in that, for a divalent metal,

x is in the interval of 1.1 to 1.45, preferably in the interval of 1.2 to 1.3.

4. Method according to any of claims 1 to 3, characterized in that the
hydride is magnesium hydride MgH..

5. Method according to any of claims 1 to 4, characterized in that the
hydride is in the form of a granular material (30) having an average

particle size of less than 50um and preferably of not more than 10pm.

6. Method according to claim 5, characterized in that the granular packing
density is between 0.4 g/cm® and 0.7 g/cm?.
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9. Method according to any of clainms 1 to 8, characterized in that the

wat er supply rate is controlled in dependency of the pressure of the

hydr ogen generated. 10. Method according to any of clains 1 to 9,
characterized in that the water supply rate is controlled in dependency of
the water vapour partial pressure in the reaction chanber (10). 11. Method
according to any of clains 1 to 10, characterized in that for starting of
the reaction the reaction chanber (10) is pre-heated. 12. Method according
to claim1l, characterized in that pre-heating is carried out electrically
by neans of resistance wires (36). 13. Method according to claim 11,

characterizedy in tMﬂhoBra‘écé?@iﬁ% kd8hy & clhs h @8le Odharae B Sl that thy rdieact i ng
phosphor ous- pent - oxi de deposited i'n the reaction chanber (10) and water in

an exot herni ¢ reac?f gy ofithe hxgregRyaenecediisntert otdRexeredcy Apmel ttef o 13,
characterized in tpatkd bestivatirereated ifydadedpbitsiled th thaereaetmt tHambehanber (10)

is heated before e ri the reactiqn chanber. 15. Method according to
clai m 14, charact e{]'itoge?d‘g?pﬁetjfgﬁg[y '?ﬁ?@s?%%{b??d}?r%ﬂé'#ée?°f@fgﬁ © 'DeYY ed and the
excess heat is usesdt 1003heat atdieCwat er to be supplied. 16. Met hod accordi ng
to any of claims 1 to 15, characterized in that into a stock of water,

contained in a water storage vessel (16) applied to the reaction chanber
(10) for supp}yi ngMethodiackomiingelp, ananofatrins 1 toeZi ehprantetized ve thad thenj ect ed.

water supply rate is controlled by influencing the temperature in the

reaction chamber (10).

9. Method according to any of claims 1 to 8, characterized in that the
water supply rate is controlled in dependency of the pressure of the

hydrogen generated.

10. Method according to any of claims 1 to 9, characterized in that the
water supply rate is controlled in dependency of the water vapour

partial pressure in the reaction chamber (10).

11. Method according to any of claims 1 to 10, characterized in that for

starting of the reaction the reaction chamber (10) is pre-heated.

12. Method according to claim 11, characterized in that pre-heating is

carried out electrically by means of resistance wires (36).

13. Method according to claim 11, characterized in that pre-heating is
carried out chemically by reacting phosphorous-pent-oxide deposited in

the reaction chamber (10) and water in an exothermic reaction.

14. Method according to any of claims 1 to 13, characterized in that the
water to be supplied to the reaction chamber (10) is heated before

entering the reaction chamber.

15. Method according to claim 14, characterized in that the reaction
chamber (10) is cooled and the excess heat is used to heat the water

to be supplied.
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17. Hydr ogen generator (3) for performng the nmethod of any of clains 1 to
16, conprising a reaction chanber (10), a water supply inlet (11) into the
reaction chanber and a hydrogen outlet (13) fromthe reaction chamnber,
characterized in that in series with the hydrogen outlet (13) within the
reaction chanber (10), a porous material (35, 42) perneable to hydrogen but
not perneable to the hydride is arranged. 18. Hydrogen generator (3)
according to claim 17, characterized in that in series with the water
supply inlet (11) within the reaction chanber (10) a porous nmaterial (34,
41) is arranged, that is perneable to steam but not perneable to the

hydri de and plrseferﬂl%lhlﬁd%kéd?dﬁé’fto W&%h@ﬂt@ﬁ'&ié’ré&er&@d m"bﬁgtrl%ed" gener at or
(3) for performing the nmethod of any of clains 16, if desired

according to cl ai nftegk efrwater, C@Bﬁ'ﬁ‘?q HEVE Y ﬁ@éﬁﬂ@lVﬁﬁS%lﬁbﬁ%@@P"e\dfe)the a wat er

supply inlet (11) jeatfont BearitRACHDORCAPPRMG @NGthawhker foentipuédiey (13) from
the reaction chanber, characterized in that the reaction chanber (10) is

surrounded by a t hatdiiye 's REGedt i on, having a non-1inear insul ation
characteristic with a high thermal resistance at |ow tenperature and a | ow
t her mal resi st@nceHadrogdrdeneesqd 8 afoupefordbg tidymeibge of gend ckins 1 (3)
according to clai terl J on-1j I
isolation is real |m£6615 og%hgﬁgéur%%tiﬁg%P%'?P%rﬂ(q@)ﬂf%wat%e%@éggﬁg{ @gpﬁ‘ Elgenrinal

radi ation. 21. Hydthegenctipenehaatber a(d)a hysirogser diehi(ty frdme theerdrotiorof any of

claims 1 to 16, if Hja‘?rﬁieF €hapfefRbdd l?mgth]fapmaéé}‘eQRntﬁlﬂ?é ARirdgent Qutié0p3f OTPr i si ng

a reaction chanber (10), a water su inlet (11) |nothereaC|on
chanber and a hydr ¥t ’htW?P‘élO“(C_hL@)‘b@Frrﬂ) f RErous MRtsrigh(Sehahipermeaiar act eri zed

in that the hydr ngéﬂwyﬁﬁh@@ﬁﬁhﬂ{otF&)ne%@l@@étt@&@dﬁdé’@bﬁéngﬁdor age vessel (16)
having an inlet (20) connected to the hydrogen outlet (13) of the reaction

chanber (10), a water outlet (14) connected via a punp (15) to the water
supply inlet 1811) Hpdrogdrhgeneeast Bpacdbhﬁrli‘d)mrcle(lﬂ:ﬂ’b? ana}aeteul’w’ln@gm iutl et (5),

wherein the water stora Vessge ne er than e anount
o nat or o bo. ot oras WS RERHsULnRT Eluf it A5 re i halbeRy bl's 2
hydrogen col | ecti ng pbaty n{adefial (@4t hnhstahangwsﬂmlt is peawesdtge & gtoaro st vval | which

|'s permeable to hygl &%’% %6?9 th TRE g&%‘%’ $hd Brebdr S glch;? e{r%%:?] pid gir ogen

generator (3) accordin clai m Charatteri ze e hydrogen

col | ecting body (4|k)Uld3OnSI sts of a tube of porous polytetrafl uoroethyl ene,
the tube (47) being forned as a coil penetrating through the conplete

vol une of the vessel (16) so as to allow a part of it being above the water
| evel (46) inl%l| Uydregeregdneraiords) foheeripemingithg method 2Banygf¢raggeh gener at or

(3) according to ch@i MRl albrdifrdab agdifl 1 Z & 18” croh?hsﬂ;@ea Waicgsn out | et

(14) within the vessel (18 i's connected to a hose open at its far end
and having a wei ghtqmfsy (¥, q valer supplyinet t%b”‘}%%%re@éﬁl%gma@b%ﬂ'@ s to reach

the nost distant apRfioddh dulBt MB$&BM thd Bdaction chamber, characterized in that
the reaction chamber (10) is surrounded by a thermal insulation, having
a non-linear insulation characteristic with a high thermal resistance at

low temperature and a low thermal resistance at high temperature.

20. Hydrogen generator (3) according to claim 19, characterized in that the
non-linear thermal isolation is realized by vacuum insulation (43),

permeable to thermal radiation.

21. Hydrogen generator (3) for performing the method of any of claims 1 to
16, if desired according to any of claims 17 to 20, comprising a reaction
chamber (10), a water supply inlet (11) into the reaction chamber and a
hydrogen outlet (13) from the reaction chamber, characterized in that

the hydrogen generator (3) comprises a water storage vessel (16)

18



24. Hydrogen generator (3) for performng the method of any of clains 1 to
16, if desired according to any of clains 17 to 23, conprising a reaction
chanber (10), a water supply inlet (11) into the reaction chanber and a
hydrogen outlet (13) fromthe reaction chanber, characterized in that the
hydr ogen generator (3) is connected to a fuel cell (2) powering a |oad, for
suppl yi ng hydrogen to the fuel cell. 25. Hydrogen generator (3) according
to claim 24, characterized in that the electric power output of the fuel
cell (2) is dinmensioned to be higher than the maxi mum power demand of the

| oad. 26. Hydrogen generator (3) according to claim25, characterized in

that the fuel cel |he(v3~)g b n%ts@zw%ﬂﬁé‘ét&ﬂt& %@Hy&bé‘éﬁ oLl (1846 ‘ﬂ{e for
powering it. 27. drog en{ngenera or (3) accord ng to any of clainms 24 to

26, characterized rGHCttOI’?aﬁha g (1ge|a \i‘%‘?! O‘(t?} (144 CEW@@tVé%atp&"ﬁ’ \l&t er storage
vessel #16) f apg! I e th@dwah@r PR inRA (chambethe (ré4bxioh Q;lhar$1b@rp(1m ag?-ﬁ W t h

wat er, or eedl ng roauct t Into the s e ves rogen
Goner ator (3 for HErRER BT ISIe VRS ket AdReE BR 1B pet s 1]

desired accordi ng vtaureelargef tranaheramainttobwater toctomspones;mvgitae hmxogeron chanber

(10), 5 3205 00kl T b, Wpa by chag ey, g oo

outlet (13) fromt racteri that the reaction
chamber (10) is de¥isgtlefavirg @ p@puw@ﬁm@cm@r permegble tpohydrgagnodish gener at or
(3) according to cfplemheable Bhglidvafii zed in that also a water storage
vessel (16) applied to the reaction chanber (10) for supplying it with

wat er is desi ned as repl aceabl e cartrldg% preferably integral wth the
reacti on cha (Iﬂﬂrogen generator (3) according to claim 21, characterized in that the

hydrogen collecting body (47) consists of a tube of porous
polytetrafluoroethylene, the tube (47) being formed as a coil
penetrating through the complete volume of the vessel (16) so as to
allow a part of it being above the water level (46) in all orientations of
the vessel (16).

23. Hydrogen generator (3) according to claim 21 or 22, characterized in
that the water outlet (14) within the vessel (16) is connected to a hose
- (48) open at its far end and having a weight (49) at its far end, the hose

being as long as to reach the most distant area in the vesse! (16).

24, Hydrogen generator (3) for performing the method of any of claims 1 to
16, if desired according to any of claims 17 to 23, comprising a reaction
chamber (10), a water supply inlet (11) into the reaction chamber and a
hydrogen outlet (13) from the reaction chamber, characterized in that
the hydrogen generator (3) is connected to a fuel cell (2) powering a

load, for supplying hydrogen to the fuel cell.

25. Hydrogen generator (3) according to claim 24, characterized in that the
electric power output of the fuel cell (2) is dimensioned to be higher

than the maximum power demand of the load.

26. Hydrogen generator (3) according to claim 25, characterized in that the

fuel cell (2) is also connected to an electrical buffer for powering it.
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27.

28.

29.

Hydrogen generator (3) according to any of claims 24 to 26,
characterized in that the fuel cell (2) is connected to a water storage
vessel (16) applied to the reaction chamber (10) for supplying it with

water, for feeding product water into the storage vessel.

Hydrogen generator (3) for performing the method of any of claims 1 to
16, if desired according to any of claims 17 to 27, comprising a reaction
chamber (10), a water supply inlet (11) into the reaction chamber and a
hydrogen outlet (13) from the reaction chamber, characterized in that

the reaction chamber (10) is designed as a replaceable cartridge.

Hydrogen generator (3) according to claim 27, characterized in that
also a water storage vessel (16) applied to the reaction chamber (10)
for supplying it with water is designed as replaceable cartridge,

preferably integral with the reaction chamber (10).
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METHOD AND GENERATOR FOR HYDROGEN PRODUCTION

ABSTRACT

Methods of generating hydrogen are described, wherein a hydride is
hydrolysed in a reaction chamber (10) in an exothermic reaction by the
addition of liquid water to be vaporized in the reaction chamber (10), and/or
the added water is controlled in relation to the hydrogen generated according
to a value x defined by equations, which, for a divalent metal, reads:

MH; + x H,0 — (2-x) MO + (x-1) M(OH); + 2 H;,

wherein M symbolizing the divalent metal and x is preferred in the interval of
1.2 to 1.3. The equation as well as the values of x depend on the sort of
hydride, i.e. whether a 1-, 2-, 3- or 4-valent hydride is applied.

Furthermore a hydrogen generator (3) for performing these methods is
depicted comprising a reaction chamber (10), optimally in form of a
replaceable cartridge and being surrounded by a non-linear thermal
insulation, with a water supply inlet (11) and a hydrogen outlet (13), wherein
in series with the water supply inlet (11) and/or the hydrogen outlet (13)
porous materials (34/35, 41/42) permeable to steam and/or hydrogen but not
permeable to hydride and/or liquid water are arranged. The hydrogen
generator (3) comprises a water storage vessel (16), also a part of the
replaceable cartridge, acting also as condenser for recycled water; and if
coupled to a fuel cell (2), the product water of the fuel cell (2) is also supplied.

For system balancing, an electric buffer is applied.

Fig. 1
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