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*159159* HYDROGEN GENERATOR AND HYDROGENATI ON
APPARATUS Techni cal Field [0001] This invention

relates to a hydrogen generat or for generaLLnﬂ

hydrogen by way of dehydrogenati

hydri des and a hydpogeBati anlamparalt u:s rior st qwﬂmmm ,l”’"llmlllmm

hydrogen by synthesi zi ng organi c hydri des by

hydr ogenati on of unsaturated hydrocarbons. Backgroung

Art [0002] Hydrogen energy has been attracting
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mnimzing the air pollution and the gl obal warm ng

that arise due to consunption of fossil fuel and

reducing the risk of radiation exposure due to
Taghiniicadt iforelof atomic energy. Since hydrogen can be

enerated by electrolysis of water, it can safely be
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[0002] Hydrogen energy has been attracting attention in

recent years from the viewpoint of minimizing the air
pollﬁtion and the global warming that arise due to
consumption of fossil fuel and reducing the risk of
radiation exposure due to utilization of atomic energy.
Since hydrogen can be generated by electrolysis of water, it
can safely be said that hydrogen exists almost inexhaustibly
on earth. Also, it is a clean energy source that does not
give off any carbon dioxide when combusted. This is a main
reason why hydrogen attracts attention.

[0003] Meanwhile, hydrogen needs to be stored safely and
efficiently for the utilization of hydrogen. Known currently
commercially available hydrogen storing methods include a
method of putting hydrogen into a high pressure tank and
hermetically sealing the tank, a method of storing hydrogen

in the inside of hydrogen storage alloys and a method of
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1 storing hydrogen as |liquid hydrogen. [0004] However,
‘the above |isted hydrogen storing nethods are hardly
commercially feasible for utilizing hydrogen as
energy source because they involve problens such as
that they require a huge anmount of noney as capital

s tioM@gt MeRit-ogand akhati duhiey hgewigde. only a poor hydrogen
storing capacity. [0005] On the other hand, benzene
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whereas benzene 1s obtained by removing part of the hydrogen
atoms of cyclohexane. Similari% decalin is obtained by
hydrogenation of naphthalene, whereas naphthalene is obtained
by dehydrogenation of decalin. Organic compounds such as
saturated hydrocarbon compounds that can externally supply
hydrogen by way of dehydrogenation are referred to as
“organic hydrides” hereinafter. Thus, hydrogen can be stored
and supplied by utilizing hydrogenation and dehydrogenation
of hydrocarbon compounds. Such techniques for storing and
supplying hydrogen are expected in the field of providing

automobiles with motive power and also in the field of power

generation (refer to, e.g., Patent Document 1)

Patent Document 1: JP 2002-187702 A (abstract and so on)



Di scl osure of the Invention Problemto be Sol ved by
.the I nvention [0006] However, the efficiency of
dehydrogenati on and that of hydrogenati on between
organi ¢ hydrides such as cycl ohexane and decalin and
unsat ur at ed hydrocarbons such as benzene and
Disapbthakeneé ahed ahsenthenefficiency of storing and
suppl yi ng hydrogen need to be inproved to make supply
Prabdest tpappe Sollredr byerthesiInyemtjionf t hese techni ques
commercially feasible. Particularly, energy necessary
[0608] dewdragetiat | ofif anternergy b ainegedytion and that
hydrogenation need to be utilized very efficiently.
of[ 00Q9TPIERaviiew bEtwRenabsdenidehvifiddsppobheds, it is
therefore the object of the present invention to
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dehydrogenat i reg ons being arranged radially
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théeaﬁbr@ntm@a@bﬁQQU|bﬁStheaprégebe sHpphtednatoaidprove the

efficiency of dehydrogenation and that of hydrogenation

Means for Solving the Problem

[0008] 1In an aspect of the present invention, the above
object 1is achieved by providing a hydrogen generator for
generating hydrogen by dehydrogenation of organic hydrides
in the presencé of a catalyst, characterized by comprising a
reactor vessel of a multi-tubular structure having a region
for supplying fuel to generate heat necessary for
dehydrogenation, the region containing a combustion catalyst
for combusting fuel, and a region containing a
dehydrogenation catalyst necessary for dehydrogenation, the
regions being arranged radially side by side with a wall
separating them. Dehydrogenation of organic hydrides is an

endothermic reaction that requires heat to be supplied at a



hi gh rate and energy can hardly be supplied at rate
required for the reaction by an ordinary packing type
reacti on vessel. However, a hydrogen generator :
according to the present invention directly transmts
the energy generated by conbusting fuel to the
hid@hyditegemat icor regt alarsthd i iyhebe ragmni «at her tdten tduired
region containing the conbustion catalyst to realize
foa hihgh refdfdtdicendy ofn ubidizaty oseofineneygy adadgction vessel.
additionally, a high hydrogen generation rate. [0009]
HBweferald yhydmvgerhyghrogert e reratmari rac gar ditreg groeddree
present invention, at |east either the conmbustion
inggnslipst digecthy debpanogenabeosneaual gsneiretsdpport ed
on the wall surface in the reactor vessel. Wth this
copppahgeentelhéat thies dahangwioenad ignr eetky yBont e
conmbustion catal yst through the wall surface so
rephPhherhFal §82Phe MRy dFGgen Genérariion that €omrostapn
ferably, a hydrao ener.at or accordln to t he
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catal yst~ or "t he dehydrogenation catal yst is supported
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process. Wth this arrangenent, the catalyst can be

issuppneihedrs® asréotlealkira® tAehtghotbetsnl catalyst through
conductivity. Additionally, heat can be transmtted
thguveklystiofebe endétib&hpirc reégeonhby hysirngen generation
rate.
[0010] Preferably, in a hydrogen generator according to the
present invention, the wall surface is that of a fin-shaped,
pleated, lattice-shaped or honeycomb-shaped member. With this
arrangement, the wall surface supporting the catalyst shows
an increased surface area per unit volume to further raise
the hydrogen generation rate
[0011] Preferably, in a hydrogen generator according to the
present invention, at least either the combustion catalyst
or the dehydrogenation catalyst 1is supported by an aluminum
compound by way of an-anodic oxidation process. With this
arrangement, the catalyst can be supported so as to realize
a high thermal conductivity. Additionally, heat can be

transmitted quickly to the endothermic region by using



4 alum num which is an excellent thermal conductor,
for the wall surface or the fins of each of the
regions. [0012] Preferably, in a hydrogen generator
according to the present invention, the
dehydrogenati on product is used as fuel. Wth this
alamiange@itch the fatexadl wheht helighal ScostpPtdéLdfor the
externally can be mnimzed or nullified so that a
wadel kusdhktieciogntt ey driegero fyenettatd Ont sy st &g ead)  be
realized by utilizing the reaction product of the
[0&IQUr c e mtentaibdlys. in [ H0RHrboeangtheraaspestcotdihg to the
present invention, there is provided a hydrogenation
prappakatioyehonost driengdtyydtogemadiyi orsyortdubsitziingg used as
organi ¢ hydri des by way of hydrogenation of
fuahsawmtatédihydmmaagbmﬂstiﬁﬂuher@m@SQMCﬁhb¢hafuel is
cataly characterized by conprising a reactor
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chi@@kﬁé&ﬂ@édOwys@odﬁﬁisiﬁ@ hydegeepat yeBseat grcanmbet i-
remar kabl y booste [0014] Preferably, in a
tulhwybrogenatd¢onrappay atgsa acegidnnfjokoremoving the heat
genérated by hydrogenation and a region containing a
hydrogenation catalyst necessary for hydrogenation, the
regions being arranged radially side by side with a wall
separating them. Hydrogenation of unsaturated hydrocarbons
for storing hydrogen is an exothermic reaction that gives
off heat at a high rate and, at the same time, an equilibrium
reaction so that the rate of reaction falls as the
temperature rises. However, a hydrogenation apparatus
according to the present invention can control the rise of
the reaction temperature and improve the efficiency of
hydrogenation so that the hydrogenation rate can be
remarkably boosted.

[0014] Preferably, in a hydrogenation apparatus according to

the present invention, the hydrogenation catalyst is



the present invention, the hydrogenation catalyst is 5
supported on the wall surface in the reactor vessel.
Wth this arrangenent, the heat generated by
hydr ogenati on through the wall surface can be
i medi ately renoved to further raise the rate of
supydiregenain ahe [WQAN5]s Prefes all Yohd Nréadwysh oganadli ogith
apparatus according to the present invention, the
thial larsarfgeeenits thathedt agénerasdhped, hpieayetation through
| atti ce-shaped or honeyconb-shaped nenber. Wth this
thar mandementfaceheamalde sunrfeatie tsuppardnaved e foattdlepstraise
shows an increased surface area per unit volune to
thieureher afailselndgenegtionof hydr ogenati on. [0016]
Preferably, in a hydrogenati on apparatus according to
(004 prRssdistradwent i oa, hyeohyds bgematppareatal ystoiding to
supported by an al um num conpound by way of an anodic
thgxpggeiean procassonwihe 1kl avwakreneht , thde ehtal fse-
can be _supported so as to realize a high thernal
shapRaudtisats?: lABBLEPoRRARPSY REaborarcHELTFRMRYS themPer.

.qui ckly fromone of the regions to the other by using
W P AANERTEG fari ottt CTEE A7 (ORI o
e | | rf. r. the fins of each of th
c=F b S =1 St A0E%6F ehoSihUaRE! or SodTy Ui volune to

fuggﬁ%dkggséothgerrBl’t%;gr%t Jayentian, the efficiency of

rogenation o rogenatron can be inproved and,
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supported by an aluminum compound by way of an anodic
oxidation proéess. With this arrangement, the catalyst can be
supported so as to realize a.high thermal conductivity
Additionally, heat can be transmitted quickly from one of
the regions to the other by using aluminum, which is an

excellent thermal conductor, for the wall surface or the

fins of each of the regions.

Advantage of the Invention

[0017] Thus, according to the present invention, the

efficiency of dehydrogenation or hydrogenation can be
improved and, at the same time, the overall energy efficiency

can be raised.

Brief Description of the Drawings

[0018] FIG. I is a schematic illustration of a preferable



6 enbodi nent of hydrogen generator according to the
present invention. FIG 2 is a schematic perspective
view of the reactor vessel of FIG 1. FIG 3 is a
schematic illustration of the cross sectional plane B
that is obtained when a cross section of the reactor
emvesideknits offaken ralbeng geineretAr BcGording aoschenmgirieGent
illustration of a preferable enbodinment of
inkydragenat i on apparatus according to the present
i nvention. Explanation of Reference Synmbols [0019] 1:
hydr ogdi. génes ad oscli@matr geacpersyesselve 1tiewud€r thegrreactor
(region) 12: inner region (region) 17: fin 18: fin
ve4Be lhydr dgénat.i on apparatus Best Mdde for Carrying Qut
the I nvention [0020] (1. Hydrogen Cenerator) Now, a
pr ef erfdl§ 3 ehbodi Aehenat L aydt bgehrgeher adbr thaceseds ng
to.the_present invention will be described in detali
Seﬁ§lP€PérP#ﬁ§et§ Fﬁétaééoﬁﬁgﬁﬁpﬁg $RER RgSrqsosRction of
Firstly, dehydrogenation that takes place in a
thﬁyé@éﬁ%ﬁrggﬁéﬁﬁﬁoﬁSaé@é@@iﬁ&OPS PrHéNSr ésent i nventi on

wi || : L ,
f§6.4 is a schematic illustration of a preferable

embodiment of hydrogenation apparatus according to the

present invention

Explanation of Reference Symbols

[0019] 1: hydrogen generator

10: reactor vessel

11: outer region (region)
12:  inner region (region)
17: fin

18: fin

40: hydrogenation apparatus

Best Mode for Carrying Out the Invention

[0020]
(1. Hydrogen Generator)

Now, a preferable embodiment of hydrogen generator
according to the present invention will be described-in
detail by referring to the accompanying drawings.

[0021] Firstly, dehydrogenation that takes place in a

hydrogen generator according to the present invention will



be briefly described. The three reaction fornul as
shown below are typical formulas of dehydrogenation
of organic hydrides. As seen fromthe reaction
formul as, unsaturated hydrocarbons are generated as
hydrogen is elimnated from organic hydrides. [0022]
CLOHLE 13 ClQHB 4 5H2 17,:333,,4 K Ll s(dehydrogenation

b 1 L“Th t h

o Ry CARED - R 5D s0S 6 e o

be(4eh\H0g82AHAN RfrmQKE @Tew?,)d&zjé% tice/ i brdtdic
204. 8 kJ/ﬁgﬁ'(dehydrogenation 0 met hyl cycl ohexane)

hyid@323k. Anky degen rganeral ofean Re fraliized BYsaturated
utilizing conpounds such as organic hydrides part or

hyalrbcafrbbhe beadgenefravbdchsi $yidibaed tie daullieskeddsrom
or triple bonds to give off hydrogen to the outside.

orlg@024] hfhGidesi s a schematic illustration of a
preferabl e enbodi nent of hydrogen generator according
[0022]t he present invention. FIG 1 shows only an
enbodi nent of hydrogen generator according to the
Cighliesent Cigilyent pitn andBXie lpfasent (dehysentgema tiionby fno
nmeans |limted thereto. [0025] The hydrogen generator 1
deghliih) s enbodi nent has a reactor vessel 10 that
provides a site of dehydrogenation of ,
Cshivet hy| <68k oheX&ne ( i%@éi%d@d’g@ody (delydrogeppiion) of
which is an organic hydride. The reactor vessel 10
CY§H8R§XéHegblong cylindrical profile. It is a

riQLe-t bul stru re fo d , by radially. arranging
C7I%‘hree ﬁﬁgésf e Tnﬁ%@ﬁ%§%”%gﬁe %@%ﬁﬁéoggna¥lon OE

methylcyclohexane)

[0023] A hydrogen generator can be realized by utilizing
compounds such as organic hydrides part or all of the bonds
of which is turned to double bonds or triple bonds to give
off hydrogen to the outside

[0024] FIG. 1 is a schematic illustration of a preferable
embodiment of hydrogen generator according to the present
invention. FIG. 1 shows only an embodiment of hydrogen
generator according to the present invention and the present
invention is by no means limited thereto

[0025] The hydrogen generator | of this embodiment has a
reactor vessel 10 that provides a site of dehydrogenation of
methylcyclohexane (indicated by “OHY” in FIG. 1), which is an
organic hydride. The reactor vessel 10 shows an oblong
cylindrical profile. Tt is a triple-tubular structure formed

by radially arranging three tubes. The innermost tube of the



reactor vessel 10 is a channel 13 for exhaust gas

produced as a mxture of fuel (indicated by "FU' in

FIG 1) and air is conbusted. Fuel that can be used

for the purpose of the present invention includes

city gas, LPG and kerosene. Both the upstreamend and
rebBeodovasseeamend af chhgnehanfefor 18xhaker 0Ly pLoduced

formso nmany apertures. Exhaust gas flows through the
aschamnelukd bromuwpstiieancheecdowyst fredm andris. 1) and air

di scharged fromthe reactor vessel 10. [0026] Another
ist ubebhavedg &udilamneter cghedkensihart drhehechanelseldfi $he

arranged radi ally outside the channel 13. The region
predeénhedniynt hent ubeladest hetgutes, idld aut fleceowfnd. hédoth

channel 13 is a region 12 where a m xture of fuel and
thau KBS repnt eodu@ed ane cowbgstredm( eodbe fr éfher rddinne lad 3

“inner region” in this enbodinent). The inner region

arg2oRendtin fogBmeeniieati Growtiires- | Gwdaugsr wasf fllke's

|ateral wall of the reactor vessel 10 and the _
thpagh ehifefBaapatt &f ef B9t HeStEPRANEP 43N THECHBREGr 1S

ssel 10_is provided at the lo part of the
leSP%F%?&MEF?mtEE?eB?aﬁF?ﬁ BHESEXBi%re t han one
e inner

(0B o A% heGn S, 'v%s'gﬂ. ﬁgﬂ?%%ﬁ‘hé%%avt“ﬁ‘rp.té@nlthg
chgmgieﬁ openl g @CSD redi o108 rpé I chamnct M The
ernati vel e prOV| u alr enter the

re@ﬁ@ﬁrdeffﬂé@nb}ztﬁgrQHEQ EHS kg@equgrtwgﬁlt@%rkgkgrgk the

of the reactor vessel 10 and consuned

ch&ﬁ’ﬁ@ys“ Ol tg]ef@gla-rhew Wta GRS I QAUCLAr @S] 8and air is
result of the conbustion is nade to enter the channe

indBodn 08y t gy upshib@are Ntk 4 hes epbrande f1OW 50 tihger
outside of the reactor vessel 10. [0027] A tube that

re@leo’ oper ahes ambiokemeunter w®akl iahetrheegion 12 held in

communication with a lower part of the lateral wall of the
reactor vessel 10 and the upstream end aperture of the

channel 13. The reactor vessel 10 is provided at the lower

part of the lateral wall thereof with one or more than one
openings that are held in communication with the inner
region 12. While two openings are shown in FIG. 1, a single
opening or three or more than three openings may
alternatively be provided. Fuel and air enter the inner
region 12 through the lower part of the lateral wall of the
reactor vessel 10 and consumed for combustion there. The
exhaust gas produced as a result of the combustion is made
to enter the channel 13 from the upstream end thereof and
flow to the outside of the reactor vessel 10.

[0027] A tube that also operates as the outer wall of the



9 reactor vessel 10 is arranged outside the inner
region 12. The region defined by the inner wall of
the tube and the outer wall of the tube that defines
the inner region is a region 11 where tol uene
(indicated by "TL" in FIG 1) and hydrogen are
redeneated sy dehydr agenabbanoat sieEhyhey¢haBexapgibhoi12.
be referred to as "outer ‘region” in this enbodifnent).
ThEn@ QUicer deglindd bl ithdelthdm waanmamiaad i b did ache
| ower part of the lateral wall and the top wall of
outhe eddt af wessalukkl.thite defmictey ttessieindd fesgion is a
provided at the lower part of the lateral wall thereof
reyjitdh loneheremabeuthan (Onei opend ngg trat’ are het.d1) nand
communi cation wth the outer region 11. Wiile two
hyopegieng s rar g esieawt edn byFld@hytirogesiengbe openi ng or
three or nore than three openings nmay alternatively
meltd yprooeildedxahet Kpbchel ohéxanedenvers theiteutmrgion” in
region 11 fromthe lower part of the lateral wall of
thtilse embactioenzéssBhe10uand regdenhyll ogenackd there.

Tol uene _and hydrogen generated by dehydrogenatign
COMSRLEERAPH Ma%h GpdOrEIMPERG Of thée ditterorlegiddd ppd the
and are discharged to the outﬁide fromthe top end ?6 ,
toph@aldalort NeedSActry. YAt lstlPuctife t6fCERE VEgeesdr [0 is
vessel, 1 i 11 -be described in reater. detail .
PTG} BefarCer "< OOUT HE t Fr I° AOrdy Indgdas iy Tog vith
he d r ation _in. I taqr. v 10 i - :
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FIENG anothgri beab-gxghapgetr23.apd subsequant by Beabednings
by an eleCtric heater 24, which is one of a nunber of

maeallitB@natively be provided. Methylcyclohexane enters the

outer region 11 from the lower part of the lateral wall of
the reactor vessel 10 and is dehydrogenated there. Toluene
and hydrogen generated by dehydrogenation flow toward the
upstream end of the outer region 1l and are discharged to
the outside from the top end of the reactor vessel 10. The
structure of the reactor vessel 10 will be described in
greater detail hereinafter.

[0028] The thermal energy necessary for the dehydrogenation
in the reactor vessel 10 is obtained by heating fuel and
supply it to the combustion catalyst. Fuel is fed by a pump
20a to a flow path changeover wvalve 21, a heat exchanger 22
and another heat exchanger 23 and subsequently heated by an
electric heater 24, which is one of a number of heating

means. Air to be mixed with fuel (to be referred to simply

10



means. Air to be mxed with fuel (to be referred to
sinply 10 as "air" hereinafter and indicated by "AR'
in FIG 1) is fed to a heat exchanger 26 and heated
by an electric heater 27, which is one of a nunber of
heati ng nmeans, before it is actually mxed with fue
ad N“@i AT xekr28naThermaxer i28ikcstepr oyi d&k’™wi th amnc. 1) is
el ectric heater 29, which is one of :a nunber of
feheatd g eansexdiwusged B minkt wreateld tyelarard egitirid $eater
sufficiently heated in the m xer 28. The m xture of
27f welichanics aimre tdfata i sumbxedobyhe¢dheimy xeea28 bsfolenit is
introduced into the inner region 12 in the reactor
aorggddly 1Q xdomitthe fusllurial ia ynipferopdni Age (fiuelr 2B et
_ports) arranged at a lower part of the lateral wal
provided rdaét e \wdesdlrit0 heNdteg 2Ratwhitdie i evta iaf a
heaters cited above as heating nmeans are operated
nugRied] wfathoete NG M3 stIASH ¢ el vperatPonteel taed air
. reactor vessel 10 and,thernal,ener%% is self
isg fitdice R twilehetRE Aeadtsr MiesLel?810TNe Bp&FaEengti huel
st.ead tate so that the electrj.c heaters .may not
=rle dud oty o TRErhabn TIF 4T G e dly 16t 206" (G0FST Crre
. _heat_ ,exchanger 22 prqyi des site ere the L XLure
B R N S T G ogen orbracachy adhydrbgthat | gk the
yl.cy e fu X el i
o AT sy Py henead och . ieE RIEPOF, SEBtnatdst u glover

pa®t olrolyeng .2ad Rydragen s the mod s Qfd1ugpe ABde tnat
hydrogen, on the other hand, is deprived of heat by

thkuell candicoakadersThe tbaatpexehargaea23npr avades aze
site where exhaust gas produced as the m xture of
optuekedndaahiyi atconbustied aidsthuelingxchangeeheation of the
Fuel is prelimnarily heated as it gets
reactor vessel 10 and thermal energy is self sufficient when
the reactor vessel 10 is operating in a steady state.so that
the electric heaters may not necessarily be operated in a
steady state.
[0029] The heat exchanger 22 provides a site where the
mixture of toluene and hydrogen generated by dehydrogenation
of methylcyclohéxane and fuel exchange heat. Fuel is
preliminarily heated as it gets heat from the mixture of
toluene and hydrogen. The mixture of toluene and hydrogen,
on the other hand, is deprived of heat by fuel and cooled.
The heat exchanger 23 provides a site where exhaust gas
produced as the mixture of fuel and air is combusted and:
fuel exchange heat. Fuel is preliminarily heated as it gets

heat from exhaust gas. Exhaust gas, on the other hand, is

deprived of heat by fuel and cooled. The heat exchanger 26
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heat from exhaust gas. Exhaust gas, on the other hand,
is deprived of heat by fuel and cool ed. The heat
exchanger 26 11 provides a site where exhaust gas
produced as the m xture of fuel and air is conbusted
and air exchange heat. Air is prelimnarily heated as
priotvigiets ahedtt ef momrex kadisiusgasyas Ptaligtedyass tre thiekture of
. other hand, is deprived of heat by air and cool ed.
fuQ03@d MEtrhyilsc yeinahexane dritatais aethadrgegersatted A tie
reactor vessel 10 is fed by a punp 20b to a heat
prexchangen ly3@eanddanst hér degat heachdnger eXhaust gas.
Subsequently, rmethyl cyl cohexane is heated by an
Exbkheetr ige shezat eth82otlhir chandls isnaleplr izenuferhesft by air
heati ng nmeans, before it is fed to the outer region
angll cbedgda plurality of openings (source materi al
inlLet ports) arranged at a |lower part of the l|atera
[0Q3]|  dfetind cvedeherapes$drt16.S [GHYHropkaakest in the
exchanger 30 provides a site where exhaust gas
re6F6860¥855§1tﬁ% hP xt&fe” MfafﬁémpaﬁgbaFP Pshﬁéﬁbﬁ§F56”ger

th t heat
S0 FAPCRE Brat RERERTPSE habt %ddba%eea%ergﬂfyssﬁgéf “from
Exh th th h
mefl es?wiagﬁ?xm%tl%§ A3, b RaBerrAr LRA"8borBa nich
S h t h to.t
o oPET e kBl MRS e PhEE 2 fE fpd g oo

ouggﬁy g&HEelpfff ugn QPQlFYgrQQeBpgﬁQ§§%t@Qo@yce

genation o ycyc exane and the source

maegkganahn1@§05699§>hsékah@eahstrsaqbwérvga§@lO%Othzhe
source material is prelimnarily heated as it gets

labeab1fwemt be mhxt veacebr kelsweneiend hydrogen. The
m xture of,toluene and hydrogen,
[0031] The heat exchanger 30 provides a site where exhaust

gas produced as the mixture of fuel and air 1is combusted and
the source material exchange heat. The source material is
preliminarily heated as it gets heat from exhaust gas
Exhaust gas, on the other hand, is deprived of heat by the
source material and cooled. Subsequently, exhaust gas 1is
discharged to the outside. The heat exchanger 31 provides a
site where the mixture of toluene and hydrogen generated by
dehydrogenation of methycyclohexane and the source material
exchange heat in the reactor vessel 10. The source material
is preliminarily heated as it gets heat from the mixture of
toluene and hydrogen. The mixture of toluene and hydrogen,
on the other hand, is deprived of heat by the source
material and cooled.

[0032] The mixture of toluene and hydrogen enters a reaction
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on the other hand, is deprived of heat by the source
mat eri al and cool ed. [0032] The m xture of tol uene and
hydrogen enters a reaction 12 product container 35,
passi ng sequentially the heat exchanger 31, the heat
exchanger 32 and the heat exchanger 33. The hydrogen

prbfattertersihbe Beagidsen gy edugieradntiaiynehedhdas ddttinger
fed to the outside of the reaction product container

3135 hebyhasry enfcrmrheat 3@xehanger 3éka tThedrealgeex Bangee
33 provides a site where the m xture of toluene and
hyhydnegenhaandncealsi rgewatesrc t(iiomdipoatdedt thye sh@Ahiniemr BPGis
1) exchange heat. The m xture of toluene and hydrogen
thes depr itvedhef ouvtestdebyo fcadle ngeat ern apebdod] exbntainer 35
_before it enters the reaction product container 35.
byThevhedt sexutrengerciBhqroddded hea hsiatte aptedieadieydpdgen
and cool i ng water exchange heat. Hydrogen is deprived
PreviRgst aby 1ESolMNed awdter THrd WSl Fd t et dnd jlydrogen
delivered to the outside. [0033] The bottom of the
andegepilondpredest (dBALGRREA BY arfd! phRpt38, lang*chenge
punp 36 and the fl ow path changeover val ve 1l are
heREI ATHR BOMTHRFCALT of HEPR GAth FOIH o Jen4SRHg =d of
toluene in.the reaction product ,cantain n .he
nep S BT SR LR ron parh G e e Al e A Y Hee

re%ﬁgkﬁkn%%%degEt%oggiéFgﬁhé§aﬁé§% Nggﬁegxggag%e¥%@h(§$ovides

eat exchanger exchanger and t'he

i, : It 4 he 49l abtaj at,
a g'é)égr w%%reA%_y%lrro?%lﬁ bind %é’lg—sléfﬂ“gf qb e@!d?l%%g%’ehrengl ly

hydr ogenat ron n be use Thus,

Hyayegéhe%f bebrii $e@0BSURREG oMW ddbitikgy iwdtldralandstagasd
of dehydrogenati on and subsequently tol uene can be

be?%@tg as fiveleligveeall 2o arhydragarigeneration system
UHB3? The bottom of the reaction product container 35 and
pump 36, and the pump 36 and the flow path changeover valve
21 are held in communication with each other so that the
toluene in the reaction product container 35 can be fed from
the flow path changeover valve 21 to the fuel inlet ports of
the reactor vessel 10 by way of the heat exchanger 22, the
heat exchanger 23 and the mixer 28. As a result, the toluene
obtained by dehydrogenation can be used as fuel. Thus,
externally supplied fuel is consumed only in the initial
stages of dehydrogenation and subsequently toluene can be
used as fuel to realize a hydrogen generation system that
shows a high cost performance. In other words, the rate at
which fuel necessary for dehydrogenation is supplied

externally can be minimized or nullified so that a self-

sufficient hydrogen generation system can be realized by
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shows a hi gh-cost performance. In other words, the
rate at which fuel necessary for dehydrogenation is
supplied externally can be mnimzed or nullified so
that a self- sufficient hydrogen generation system can
be realized by 13 utilizing the reaction product of
uttihe zsayr eaemabeckabs. pHaucsuppl ¥hef souelcet aatthe@ials. The
reactor vessel 10 fromthe outside and the supply of
subpllyene tfacthe o edet arearasselveldedanObersw ttelkedubyide and
means of the flow path changeover valve 21. Note that
theheuppppl v foft cfluenet act hder eactatorvessede 110 0f cam bee
outsi de and the supply of toluene to the reactor
swuésbetl D9 memypsnotf ldesiltoehed thomplaetgsloyeandrad viel @l Note
rate regulator may be enployed to regulate the ratio
thet the Buewlyvatd dluelextcerthgl Hagsltcand adsstl d0 from the
toluene. [0034] FIG 2 is a schematic perspective view
ouppifpeapda&her suppdgelt1601lPrPEe 30 $he d@wsmy essel 10
illustration of the cross _sectional_ plane B that is

MaYpPnE Witeh Chelr GEEPSECEL YN B At He Peddt Sy WRREGtor may
A LI Pl I TN
orEPF RS KUBY Bhs\ et e LopmRd by comdally

RS 25080 75,01 9U 1081l e o2t O, vePole oo

ube "1 H%V|ng a |%ne_
vedB T Pt o Tt TRETELEL T T kR phe b EEPEs

se@Pi8XLErpaknéegi @natlisf ebraenenatingd toluere ardtion of
hydr ogen by dehydrogenati on of nethyl cycl ohexane. The

thOUEEEct88i 0853411 $0 PLOVigesh Waibng@ pphyeahity of fins
17 extending in the direction fromthe
[0035] As shown in FIG. 3, the reactor vessel 10 is a

container of a triple-tubular structure formed by coaxially
arranging a tube 14 having the largest diameter and
operating as the oufer wall of the reactor vessel 10, a tube
15 having a diameter smaller than the tube 14 and a tube 16
having a diameter smaller than the tube 15. The region
between the tube 14 and the tube 15 is an external region 11
for generating toluene and hydrogen by dehydrogenation of
methylcyclohexane. The outer region 11 is provided with a
plurality of fins 17 extending in the direction from the
tube 14 toward the tube 15. The region between the tube 15
and the tube 16 is an inner region 12 for introducing the
mixture of fuel (which may be toluene) and air. The inner
region 12 is provided with a plurality of fins 18 extending

in the direction from the tube 15 toward the tube 16.
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tube 14 toward the tube 15. The regi on between the
tube 15 and the tube 16 is an inner region 12 for
introducing the mxture of fuel (which may be
toluene) and air. The inner region 12 is provided
with a plurality of fins 18 extending in the
[ooBglectiran fiam theddibe el 5 itronaisd atree datbe 6. slébports or
[0036] The fins 17 and the fins 18 are catal yst
supppEEast $aor ngs uppeecs ivavicag alegspecstuppercat diysed to the
supports fitted to the outer surface thereof. The
outatralsystf asepphetrs odr e Theefoartalllypt suppomts exiedereferably
prepared by way of an anodi c oxidation process. A
a loovibust iogn deatgieparethdty iwa vr eduiane dIfaskt i deg- 1o
m xture of fuel and air is supported on the fins 17. A
proekypdr odegaribon taanalopse Lylat tﬁsﬂtr dguinesy ifred for burning
dehydrogenati on of nethyl cycl ohexane is supported on
a & turene f1 g uetha e iyidr ogensti R (st 4y sthe sfins 17.

referably.platinu A _catalyst s or.t d f
de%ﬁﬁﬁ?ﬁﬁﬁ?%igaecﬁgag}ﬁFgﬁﬁﬁghéétFeﬂggggﬁaﬁg%cgtglyst
upport. Additionall Si the fir 7 8
I haE8G 0l SR nah PRar VIS VAT GRF SR hel Rt 15PREbR vl Sao
.heat, oC be ickly transm f he | | on.
£ AR SR PO LhER Lo LPE LPREL) 8L M
Aaegtgwstssegg@y@t £9aBY o rUbhLina bR BxGARDYSt iOMighly heat-
catalyst, generated heat is conducted to the fins 17
re%%skgﬁtogggélQQQ!9ﬂp$$r&p pabseibhe11{empeial Wig ofins 17

t he dehydrogenati on catal yst supported on the

ansiUngages Rhatherf bNsmlAumTheR: ABt RYLEYG ehexane ks
dehydr ogenated on the surfaces showi ng a raised

cohauper atUneatt @4 askicgu et ueneraigh hvdsdogerom Whé einner
the tenperature of the dehydrogenation catal yst
regapned$2 dependenguobart hegt.gpel bf
[0037] As a mixture of fuel and air is combusted by
utilizing a combustion catalyst, generated heat is conducted
to the fins 17 in the outer region 1l to raise the
temperature of the dehydrogenation catalyst supported on the
surfaces of the fins 17. Then, methylcyclohexane 1is
dehydrogenated on the surfaces showing a raised temperature
to produce toluene and hydrogen. While the temperature of
the dehydrogenation catalyst varies depending on the type of
organic hydride, it is preferably within a range between
about 270 and 400° C, more preferably within a range between
about 285 and 370> C if using methylcyclohexane. As
combustion of fuel and dehydrogenation of organic hydride

are conducted in the respective regions that are arranged

radially side by side (the inner region 12 and the outer
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organic hydride, it is preferably within a range

bet ween about 270 and 400 C, nore preferably within a

range between about 285 and 370 C if using

met hyl cycl ohexane. As conbustion of fuel and

dehydr ogenati on of organic hydride are conducted in
relghenr espeehieve riregiiens vt bat d@hgdaobanged onr agicaldhit of

side by side (the inner region 12 and the outer 15
eneggiyomtil) zathenefbfriecirensgdoft oddélyy drogenatiisen @red dqurattity

of energy utilization are raised to by turn raise the
ofqiymtrioggn ofnkydregemegeneriat ed neer(thei hyidoogett eneration

hydrogen generation rate). [0038] Catal yst supports
rattaving a profile other than fins 17 may be arranged

in_the outer region 11. For exanple, pleats may be
(0038 re Fadm ivtse swriosad sofhartiandt wheorof idre X8 hvd tiften fins 17

dehydr ogenati on catal yst may be made to be supported
magn behe rrgnggds Inalther reatiarel e gien dilt | Eerskipegles prleats

honeyconb-shaped nenber may be arranged in the outer

mayoBFoR OLTANG t B deryidisgeiatiBh (CHttal Yooy Bac cthe
do e e AT arry L hFarey kg DE PorRel® GHtFRE tod on the
f f the.tube 15 or, 16 th ]
P134F AT y ot CREJTE it 3 0 0 SUDRORESd. oif (i edps shaped
i yel latti.ce- -
refbbE Pal, K8 s BnbBl TR RE e SRS AT RS HERE, e

deﬁ%ﬂ?Hé&hQBioﬁa&§£¥§%sﬂaMa9ebEaﬂ§dE0t@ebéugﬁ%bb%@e@non the
the wall surfaces o t he” menber. As descri béd above,

waMeB - RecEENS F1¥hel REMbERS £8mi1RKe9! $1&Ht A may be formed
| atti ce-shaped or honeyconb- shaped nenber is

one@Rkoyedrathecdr eaeswppeRr tikngrt he sagathst cpRPubBién
volume 1is raised to by turn raise the reaction
caeélystemey. be made to be supported on the pleats.
Alternatively, a lattice-shaped or honeycomb-shaped member
may be arranged in the inner region 12 and the combustion
catalyst may be made to be supported on the wall surfaces of
the member. As described above, when the fins 17, the fins 18,
pleats, or a lattice-shaped or honeycomb-shaped member is
employed, the area supporting the catalyst per unit volume
is raised to by turn raise the reaction efficiency
Similarly, catalyst supports having a profile other than the
fins 17 may be arranged in the inner region 12.
[0039] As described above, by employing a reactor vessel 10
of a triple-tubular structure having an inner region 12 and
an outer region 11 arranged outside the inner region 12 and
separated from the inner region 12 by a wall so as to

contain a dehydrogenation catalyst necessary for
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Simlarly, catalyst supports having a profile other
than the fins 17 may be arranged in the inner region
12. [0039] As descri bed above, by enpl oying a reactor
vessel 10 of a triple-tubular structure having an
inner region 12 and an outer region 11 arranged

deﬂ%ﬁ%b@%néh?ohnﬂﬁéré§9|Qﬂm@%kﬁﬂ%i sepaled fdemyhe in the
I nner reglon yaVVal SO aStO contain a

OUQ%BYQ%@Q%HaUUOBSCQEQEM§Et€$985§QE¥df@9 th8 heat generated
dehydrogenation therein, the dehydrogenation catal yst
asi @ &ﬁ%ulmukﬁrdnmwuytrbh|df|ﬂﬁﬁﬂhﬁﬁeﬂmmdumﬁugiynmaﬂue the
heat generated as a result of conbustion of fuel to
efifimedhateby dahgerbhenaefibnchencyleb dékydrogerdt ihguirogen
and also the rate of hydrogen generation. Since the
geaembusbhonScatal yee andbubkéidehydrtedgenat rod tatal yst
are supported respectively by the fins 17 and the
dehydsog8nphiphecpeatvor wesselrporthdarepgectbrglet ey the
directly to the dehydrogenati on catal yst by way of
fingelduahdcebeofinhel$i hs t7eandacherfiassad Wt heat is
boundary fil mresistance. Thus,
copgéchiE] FaAEFbRY @pfFeﬁeﬁ@pygﬁaosne@eynraageﬁyﬁ§dbgggﬁy of
generation rate can be eal i zed. 0040 Table | _belo
thehawsTeoRE 6F ChE rddel 8Btja|tﬁ§d Bys |1%omaowm gy gas

. t t f di ff
boRBERST ey Bk anECRURR! § THed {00h Lo 12 ¢¥t) izt ion
I ; rati
ef§985%96 DREb ) PR ORIR T R SRRt 168! ke can be
realized.

[0040] Table 1 below shows some of the results obtained by

looking into hydrogen generation rates for different

methylcyclohexane supply rates.

[0041]
[Table 1]
Source material | Hydrogen generat | Conversion ratio
supply rate (ml/|ion rate (NL/min) (%)
min)
10 5.2 98
30 . 13.4 85
40 I 14.3 | 68

[0042] BAs seen from Table 1, the hydrogen generation rate is

raised when the methylcyclohexane supply rate is raised.
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10 5.2 98 30 13.4 85 40 14.3 68 [0042] As seen from

Table 1, the hydrogen generation rate is raised when

t he net hyl cycl ohexane supply rate is raised. 17

[0043] (2. Hydrogenation Apparatus) Now, a preferable

enbodi nent of hydrogenati on apparatus according to
[06@? present invention will be described in detail by

referring to the acconpanying draw ngs bel ow. [0044]
@ FiHRidogenitdbroapphi-atushat takes place in a

hydr ogenati on apparatus according to the present

i nventNn aWbkkrbeabréethyodassht bed. hJhecsbheeion

reaction formulas shown below are typical fornulas of
aphpdaagenaticondohgunsaturabed sehydiacanhons. wAS 1seen

fromthe reaction fornmulas, organic hydrides are
degemebatied nasieaanésblyt reffelrydnggepattinen agfcompasagtingat ed

hydrocarbons. At the sane time, |arge heat generation
droakegspbatew. [ 0045] CI1O0H8 + 5H2 -' ClCH| 8 - 333.4

kJ/ mol (hydrogenation of naphthal ene) C6H6 + 3H2 -
[0@BIH1 2 Fir208.y9 kydnoyer(diyidrogerst i orked benzens) a C7HS

+ 3H2 -> C7H14 - 204.8 kJ/ nol (hgdro enation of .
hyggPgenafio[00BBR F &y dF ogeRCEAR Bel St bredPS§FENY Byvantion
large quantity by wutilizing conpounds that can store
Wlwd%@g@ﬁl@ﬁla reeecaPar FBgefhBfewdya6t 1RPdEOGBHARF oRNOWN

beig&ha%% %gggkgﬂa%ggmulas of hydrogenation of unsaturated

hydrocarbons. As seen from the reaction formulas, organic
hydrides are generated as a result of hydrogenation of
unsaturated hydrocarbons. At the same time, large heat

generation takes place.

[0045]

CioHg + 5H, — CpHis - 333.4 kJ/mol (hydrogenation of
naphthalene)

Ce¢Hg + 3Hy — CgHp2 - 2059 kJ/mol (hydrogenation of benzene)
CsHg + 3H; — CsHis — 204.8 kJ/mol (hydrogenation of toluene)

[0046] Hydrogen can be stored safely by a large quantity by

utilizing compounds that can store hydrogen on a molecular
level by way of hydrogenation such as unsaturated
hydrocarbons.

[0047] FIG. 4 is a schematic illustration of a preferable
embodiment of hydrogenation apparatus according to the

present invention

[0048] The hydrogenation apparatus 40 of this embodiment of
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hydrocarbons. [0047] FIG 4 is a schematic
illustration of a preferable enbodi nent of

hydr ogenati on apparatus according to the present

i nvention. [0048] The hydrogenati on apparatus 40 of
this enbodi nent of 18 the present invention has a

t hee@tlabntessflnlQohhakh sProviddes ora veiss@ 10f10 that provides
hydr ogenati on of toluene (indicated by "TL" in FIG

a 4)itkhalr iy @dgensativhabed thydiepearhani cibedr pactar,” in
vessel 10 shows an oblong cylindrical profile and is a
FIGri4)| etatbulsarars turlietdire tfeof mdiddy-arddinal IMheareargiorg
three tubes. The innernost tube of the reactor vessel
vetBeils 1 skobanneh &@B1éng cedindgieal profobei agdwasea.
Both the wupstreamend and the downstream end of the
tré¢harneéhbt3aar etropenreofbomadsby naagiapeyt aresngHeat edree
air or water flows through the channel 13 from
tuppst r 8am tondowastr éahrand itde dieschargegsteomlPhes a
reactor_vessel 10. Toluene is hydrogenated in an
chgonel f&gfen 2aobinghelreatt 6POVERGeVaOr. t Bobechbhie
nmet hyl cycl ohexane (i ndicated by "OHY" in FI G 4&, R
upPRkirEAM §NdnaBFgihrc dRyastdeamagBdnsyes o RENGHt 4P dere
of the_ reactor vessel 10 to enter reacti on prodyct
OPEBNL ]I AEFM35O mF@d4@Peﬁ6Pf§&diH&aﬁ§arBéénoFoW€6F6e#g9WS
the tenperature of .,the hydrogenation catalyst in_the.
tnrghabof Peecbated 13 LY EPant o heit cdor ot it ean "aAd %is
aikemperaure fange betuesn g0sand 250 r & Sldcs,
y roa e

enation 1s an exo rmc reaction,

hygéﬁéggggé&iQH 55 SHPRLEeS3 QOﬂngIQQPV€ﬁ§e£¥ac%%r vessel 10

rogenation becones onm nant to reduce e ratio
tog%eeemgeﬁétﬁplepclg%ysﬁs (@ omthy gy clvehexang, when 4)

e tenperature ri ses
which is an organic hydride, and moves to the outside of the
reactor vessel 10 to enter a reaction product contéiner 35.
[0049] For adding hydrogen to toluene, the temperature of
the hydrogenation catalyst in the reactor vessel 10 is
preferably heated to a temperature range between 70 and 2_50O
C. Since hydrogenation is an exothermic reaction,
hydrogenation is suppressed and conversely dehydrogenation
becomes dominant to reduce the ratio of conversion of
toluene into methylcyclohexane when the temperature rises
above 250° C. Therefore, the temperature of the hydrogenation
catalyst is preferably maintained to a temperature range
between 70 and 250° C. A 'more preferable temperature range
for the hydrogenation catalyst is between 80 and 200° C.
[0050] Since the configuration of the hydrogenation

apparatus 40 is similar to that of the above described

19



above 250 C. Therefore, the tenperature of the

hydr ogenation catalyst is preferably maintained to a

tenperature range between 70 and 250 C. Anore

preferabl e tenperature range for the hydrogenation

catalyst is between 80 and 200 C. [0050] Since the
hye@Bhaugahieentelt thenhydrogenatiizede appdedt b 4dmpSnents

simlar to that of the above described 19 hydrogen
thgenerat @omhoand ch@ee ha Jrarge: NMpetatefs, conpenent ot be

that are common to both of the apparatus, it will not
deberideachebedaher guanyiefurt her. [0051] The

hydr ogenati on apparatus 40 differs fromthe hydrogen
[0@Mder ather Hydraigeng tiiont katoatraltuend0i 8iffzed Wirbh the

hydrogen before it enters the reactor vessel 10 of the
hyhlydgegegeappatatué @iahg tthaththetsllbshance mixed with

di scharged from the reaction product container 35
hydoagannsesarpl 45 hpdrogenhet weechas wesseéenlcohsthed

by hydrogenation. \Wile toluene and hydrogen are
hygrggenbepresatuhetheatd ekeningee sePahdn¢hedlipelarged from

exchanger 31 in the enbodi nent _of FIG 4, the
thﬁlF@?ﬁgFPUeP§°BECﬁ1ﬁéatéﬁnﬁrpégl??%ﬁah%%t?%%m¥¥%l%X?Rﬁge“
t the h h 0 d t I
theﬁehﬁagpo%a§8§§ﬁ§§5 gpe [@géﬁy%%??%sh% En??lﬁg%h {8 tbapene
10 of t |.e-t ubul
and RS gdnon s, i B REERRER oBl BREE LS AANCRT 30 and che
hegetékgﬁahpsr Qg?% f@@éOQT&§d9£9n§689f9§§d4fféH%J*%ay

I nner reg SO as O contal n"a
a19¥9599§9§1 OPe ﬁ@&é&y§£ aeggééeaxnfgbsh¥g5ﬁg§e@5t90e to
t herein, e generated heat is imediately renoved to

théahégttBﬁcﬁéﬁbéke@@Yond6@ﬁ§Et@£naﬁ@lé&f@bt@@ tRtendft
hydr ogenati on. Additionally,

exchanger 31.

[0052] By employing a reactor vessel 10 of a triple-tubular
structure having an inner region 12 and an outer region 11
arranged outside the inner region 12 and separated from the
inner region 12 by a wall so as to contain a hydrogenation
catalyst necessary for hydrogenation therein, the generated
heat is immediately removed to raise the efficiency of
reaction and also the rate of hydrogenation. Additionally,
since cooling air (or cooling water) and the hydrogenation
catalyst are held in contact with the fins 17 and the fins
18 in the reactor vessel 10, heat can be removed immediately
from the hydrogenation catalyst by way of the wall:-surfaces
of the fins 17 and those of the fins 18. Thus, the

hydrogenation rate and the conversion ratio can be further

improved.
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since cooling air (or cooling water) and the

hydr ogenation catalyst are held in contact with the
fins 17 and the fins 18 in the reactor vessel 10,
heat can be renoved immedi ately fromthe

hydr ogenati on catal yst by way of the wall'-surfaces

[00%3]t heyHdmscHe giwk thosenof rihe 18 Np188tsThUBert BBan the
hydrogenation rate and the conversion ratio can be

fifhgr tineandi mpeoYeds 20, [2053]1 Mheintd-ehddas o7 hdke comb-
fins 18, pleats other than the fins 17 and the fins’

shhk@edomeableat tiisC engllaged, ot hdoaeyLond- a shapedd nenbesres
enpl oyed, the cooling area and the area supporting

suppertangl yse pertadnyist welrumelits vodivged itso feyi segr rto by turn
rai se the reaction efficiency. The catal yst supports

ragade tok ralagiiiopmedXiide eace. cahel ysttaduppostepbavsngade of
hi gh heat- resistance. Additionally, since the fins 17

alypdnys grédpadéc 6P tAILYRICnFMPPRALT S SaRiighl Y ighehealtry
conductive, heat can be quickly transm tted fromthe

rephRERNERg OAdiRipBat k. Gutere tYheygifomsill’ pogs4f whel Bade
an_enbodi nent of hydrogen generator and an enbodi nent

OfoFlHyéPB@eﬁg?Foﬁsaéﬁg YU TGN FAG UHhe Veprisaadntcan be
Lnvention are, descri bed above, the prese I nvention

aut EXEY heAneBns R RnTr ol FO%t HObE orgadrRonts OwENEnonEs ™

rebg Fified and altered in various different ways

wi thout' departing fromthe scope of the present

mdﬁ%:nyﬁge B%O%%qm%e%%t Ay %tyo%?ﬁ%%r (e 1B, (RS >

mat eri al such as zi‘rcon um™oXxi de or sillcon

emPblifhdRc | B8t 83droQEngt UshNURLAXhHEs AddbELORG! LY. chbe
catal ysts supportéd by the catal yst supportS may be

pr88beet edvirompabladidBtribed above, the present invention
1s by no means limited to those embodiments, which may be
hodified and altered in various different ways without
departing from the scope of the present invention.

[0055] The catalyst supports may be members made of a
material such as zirconium oxide or silicon nitride instead
of aluminum oxide. Additionally, the catalysts supported by
the catalyst supports may be selected from palladium,
ruthenium, iridium, rhenium, nickel, molybdenum, tungsten,
nitenium, vanadium, osmium, chromium, cobalt, iron or a
combination of any of these elements instead of platinum.
[0056] While the reactor vessel 10 has a triple-tubular
structure, it may alternatively have a double-tubular
structure, a tetra-tubular structure or some other multi-
tubular structure. The inner region may be selected as a

region for dehydrogenation or hydrogenation and a region
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ruthenium iridium rhenium nickel, nolybdenum
tungsten, nitenium vanadium osm um chrom um
cobalt, iron or a conbination of any of these

el enents instead of platinum [0056] Wile the
reactor vessel 10 has a triple-tubular structure, it

ot S{) taI - Iy pavg, & deublerduly 3Jo S UL AR, r&yion

tetrat tructure or sone other multi- tubular

ma Lrv J Ct rqnedThéﬁs 'cﬂﬂ.eér ﬂﬂl Mgy bersel el efbAred by
e y

glon or d drogenatlon or hydrogenation and a

adBHANRE Hiranged v adi aldactsddeydysesigle d gbatd Meelt Gnay be
the inner region rmy be forned as outer region. A

enBIHEM I f At Wpo R randing wréddial idyerofideact or
vessels in parallel may be enployed for the purpose
of the present invention. Industrial Applicability
[ 00571 The present invention can find applications in
Irds t dirdusippilégathidt tgonsune or store hydrogen. 22 C L
Al MS 1. A hydrogen generator for generating
[0byHr ogete byre stehty drogenatdroncaf Dimanapphickidess i in the
the presence of a catalyst, characterized by
incomirisisnghad aeastuore vassdlonsf hydndasan-t ubul ar
structure having a region for supplying fuel to
generate heat necessary for dehydrogenation, the
regi on containing a conbustion catalyst for
conbusting fuel, and a region containing a
dehydr ogenati on catal yst necessary for
dehydrogenation, the regions being arranged radially
side by side with a wall separating them
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2. The hydrogen generator according to claima1,

characterized in that at |east either the conmbustion

catal yst or the dehydrogenation catal yst is supported

on the wall surface in the reactor vessel. 3. The

hydr ogen generator according to claim 2,

characterized in that tde,vlt gugface is that of a

fin- shaped, pleated, |lattice-shaped or

honeyconb- shaped nenber. 4. The hydrogen generator

according to any one of <clains | through 3,

chagact epi agdrbgehhatnatakeastoei yhaerbhengcaphusyeanby

catal yst or the dehydrogenation catalyst is supported
debydangahati owno €oapgandcbiydaydes am ahedpecesexcedabion

process. 5. The hydrogen generator according to any
cavaeyst, ctlaaiars elritzledolgh cbmpetiaiagteri zed in that the

dehydrogenati on product is used as fuel for

gener aeeagohedesnedesfary Mudt i-gebydpogenaricénre2Baging a

A hydrogenation apparatus for storin% hydr ogen by
regyARhésy zFRPPbY §adi EVRYdEPJESNBYahay N6RThyPEFE§ERAYI 6RT

of unsaturated hydrocarbons in the presence of a
depydapgeratiehaithet &C0268 KPNESAPLNSI Ry CORDUSAALHr catalyst

vesse|l of a nmultji-tubular structure having a region
for oforRBLing fReIhERd FerfiBtdd IRt dY6Gerfat i on and

regi on containjn hxdro enati on catal yst necessar¥
F 2 4 he

de Py EIHRR GHahatT Bt Y Thel T O0T SHEY et hgh el Y 2 T iom:

reh 202l LY, shde Py, side i a wall separating them, 7,
ﬁ'ﬁe % %r(l(j:l é@% ) g g In

appar at us according to clfaim haracterize

Se%g?%tinf bydrogenation catalyst is supported on.the

2. The hydrogen generator according to claim 1,

characterized in that at least either the combustion
catalyst or the dehydrogenation catalyst 1is suppofted on the
wall surface in the reactor vessel.

3. The hydrogen generator according to claim 2,
characterized in that the wall surface is that of a fin-
shaped, pleated, lattice-shaped or honeycomb-shaped member.

4. The hydrogen generator according to any one of
claims 1 through 3, characterized in that at least either the
combustion catalyst or the dehydrogenation catalyst 1is
supported by an aluminum compound by way of an anodic
oxidation process.

5. ‘The hydrogen generator according to any one of
claims 1 through 4, characterized in that the dehydrogenation

product is used as fuel for generating heat necessary for

dehydrogenation.
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surface in the reactor vessel. 8. The apparatus
according to claim7, characterized in that the wall
surface is that of a fin-shaped, pleated,

| atti ce-shaped or honeyconb- shaped nenber. 9. The
apparatus according to any one of clains 6 through 8,

: Cha5aCteA|ﬁ?grbgeﬁggioﬁh§p5¥9£9@§n§5£ogtéﬁiﬁéyﬁydrbéen by
supported by an” al um num conpound by way of an anodic
sy®Xhaat + Dy psegasse R@drides by way of hydrogenation of
unsaturated hydrocarbons in the presence of a catalyst,
characterized by comprising:

a reactor vessel of a multi-tubular structure having a
region for removing the heat generated by hydrogenation and
a region containing a hydrogenation catalyst necessary for
hydrogenation, the regions being arranged radially side by
side with a wall separating them.

7. The apparatus according to claim 6, characterized
in that the hydrogenation catalyst is supported on the wall
surface in the reactor vessel. |

8. The apparatus according to claim 7, characterized
in that the wall surface is that of a fin-shaped, pleated,
lattice—shapea or honeycomb-shaped member

9.  The apparatus according to any one of claims 6
through 8, characterized in that the hydrogenation catalyst

is supported by an aluminum compound by way of an anodic

oxidation process.
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