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CHEM CAL REACTI ON APPARATUS AND POWER SUPPLY SYSTEM 5 Techni call FiJNd200he
present invention relates to a chem cal reaction apparatus and a power
supply syst¥P¥824%di ng this chenical reaction apparatus REGFIPOHBI36

particularly, to a chem cal reaction apparatus applied 10 to a power sup

systemincluding a fuel cell which generates electric
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The present invention relates to a chemical

reaction apparatus and a power supply syst
this chemical reaction apparatus and, more
particularly, to a chemical reaction appar
10 to a power supply system including a fuel
generates electric power by using fuel.
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In the technical field of chemical reactions,

chemical reaction apparatuses are known in which

15 various fluidized material mixtures are supplied to

flow paths to cause chemical reactions, 1i.

e., catalyst

reactions with catalysts placed in the flow paths,

thereby producing desired fluid materials.

These chemical reaction apparatuses have various

20 scales and structures in accordance with their

applications. For example, in a certain relatively

small-sized chemical reaction apparatus, a micron-order

or millimeter-order flow path is formed in a silicon

substrate by using the micropatterning technology

25 developed in the technology for fabricating

semiconductors such as semiconductor integrated

circuits, and fluid is supplied to this flow path to

MR

*G00002*



I 1I-f 1111 *000002* 1 7 JUN 2005 WO 03/082460 PCT/JP03/0336 2 cause a

chem cal reaction. FIG 15 is an opened-up plan view show ng an 1éx&ﬂbﬂ@5of
such a conventional chem cal reaction apparatus. FIG 16 is a sectional
view taken P8B40 5 |ine C- Cin FIG 15. This cheni cal PGRAEOIDHM
apparatus includes a silicon substrate 1. On one surface of the silicon
substrate 1, a fine zigzagged flow path 2 is formed by wusing the

m cropatterni ng technol ogy devel oped in the 10 semi conductor fabrication
technol ogy. The two end portions of the flow path 2 are extended to

substantially central Eortlon of two predeterm ned end faces to form an
inlet port 3 af@USufl RePBbrel 4£eaCiem yst layer 5 for performing a 15

chem cal reaction i orged,on_the inpner |__suyr.f of, the flow path 2.
A gl ass substrate G%Fé'bgﬁd%g 0 ?%%Reaﬂg% }ﬁ%hgﬁéﬁé h§&FP§C3nOf t he

silicon substraken,lie OB %ﬂ@h?#ré@ﬁ@er?%iéx{ﬁ @h%?ﬁc%‘ib%%@ﬁ:?aﬁ away from 20

the surface opposite to the silicon substrate 1, a zigzagged thin-film
heater 7 corregppadhfdsto the. féovgpatdeckichall Miclledaktheatbdlhaof the

thin-filmheater 7 is made slightly smaller than that of the flow path 2.
If the 5 line C - C in FIG. 15.

This chemical reaction apparatus includes a
silicon substrate 1. On one surface of the silicon
substrate 1, a fine zigzagged flow path 2 is formed by
using the micropatterning technology developed in the

10 semiconductor fabrication technology.

The two end portions of the flow path 2 are
extended to substantially central portions of two
predetermined end faces to form an inlet port 3 and
outlet port 4. A catalyst layer 5 for performing a

15 chemical reaction is formed on the inner wall surface
of the flow path 2.

A glass substrate 6 is bonded to the
above-mentioned surface of the silicon substrate 1.

On the surface of the glass substrate 6 away from
20 the surface opposite to the silicon substrate 1,
a zligzagged thin~film heater 7 corresponding to the
flow path 2 is provided.

The width of the thin-film heater 7 is made
slightly smaller than that of the flow path 2. If the

25 chemical reaction (catalyst reaction) in the chemical
reaction apparatus induces an endothermic reaction

under predetermined heat conditions, the thin-film



25-chem cal reaction (catalyst reaction) in the chem cal reacti on7aphegidsus
i nduces an endotherm c reaction under predeterm ned heat conditions, the
thin-filml 7 JUN 2005 WD 03/082460 PCTI JP03/03364 3 heater 7 supplies
predet er mi NEYOYYMPal energy to the catalyst in the flow RS HPOFOF6bN t he
chem cal reaction. A use exanple of this chem cal reaction apparatus

havi ng the above arrangenent will be explained below 5 Recently, research
and devel opnment for putting a power suppF% systemusing a fuel cell into
practical wuse have been extensively done. A chemical reaction apparatus

havi ng the above arrangenent, can be used in _this wer su stemusin
a fue? cel | . BjeRheE 185%@2&%%ﬁupq%ﬂﬁﬁ%nm+n§ﬁb§P§Fﬁgg 8§eﬁHBFL§eE%§plained °
bel ow, hydrogen_can b roduced fraqm ower eratior uel nd
supplied to phSan-ﬁgY_s‘ge Ill,gé% _ %%p%@e& u@&ﬁ%%%%@@#aéi ﬁaa_?ﬁj} vel cell
can be downsized. VWil g.t Qfarhé:j‘@né%flﬁﬂi@aéﬁmi7cﬂe%%ctt|1%n' aLpak-QEuef 15

the flow path 2 to a predeter tenperature, the power generation fue

gas described ghoyRgi ShéUppbvEhrididendit fWiaw Rt bxp1kiaeut Belbnl et port
3. This causes an endotherm c reaction by the catalyst 5 in the flow path

2 to proguce hydrogrecantlgarbegeaitcixialed ateRl opreynir dduc put®inthese
products, only hydrogen can be produced by renoving carbon di oxide from
hydrogen. El eet ppweposepplars istgensiated Huedupellyi Agtohpsachjdabdgen to
the fuel CeII'use have been extensively done. A chemical reaction
apparatus having the above arrangement can be used in
this power supply system using a fuel cell. By this
10 chemical reaction apparatus, as will be explained
below, hydrogen can be produced from a power generation
fuel gas and supplied to the fuel cell, and the power
supply system using the fuel cell can be downsized.
While the thin-film heater 7 heats the interior of
15 the flow path 2 to a predetermined temperature, the
power generation fuel gas described above is supplied
into the flow path 2 from the inlet port 3. This
causes an endothermic reaction by the catalyst 5 in the
flow path 2 to produce hydrogen and carbon dioxide as
20 a byproduct. O0Of these products, only hydrogen can be
produced by removing carbon dioxide from hydrogen.
Electric power can be generated by supplying this
hydrogen to tHe fuel cell.
In the above conventional chemical reaction
25 apparatus, when the interior of the flow path 2 is

heated by the thin-film heater 7, the two substrates 1

and 6 are also heated. Therefore, if the whole outer



In-the -above conventional chenical reaction 25 apparatus, when tP?
interior of the flow path 2 is heated by the thin-filmheater e\ AR5
substrates 1 and 6 are al so-heated. -Therefore, if the -whole outer 1. 7 JUN
2005 4 surfaces of.- these substiates |I' and 6'  a're exposed to-the

at nosphere, the thernul ' energy generated by the thin-filmheater.7'"' s
partially radiated to t he'outside' fromthe surfaces of 'the substrates

1. and 6. This. increases the thermal energy -loss and. worsens the energy

utilizati curfdcesd asfirehe9é bu¥eRiadRsThe. dHESENrei 84EHEREN tBAhe
t'he. *. advantage. that' in a chem cal. reaction " apparatus which. includes a'

- flow . patdtmdaphextd owthg therdauoeman@yzyuhgxaﬁga b BRating elenent 'to
‘heat the'-interior . of the "flow path perform a desired chenical reaction;

~:the'... endthgyl-film eatent Tohs paricipldwed dui stedresstha bhest ber mal
energy | oss -caused when,. the thermal energy. generat.ed by.  the Heating
-el-ement |§qmm1hhﬂIgurﬁmhasedfotheldabéﬂnatqr%&%ﬁndlavenThmB ' also- has

" the. advalntage t hat when-this chemical . reaction apparatus -i.s ; "applied' .
to . a poW@ﬁreasﬁiuﬁhq %Wermaiusnaggy flosls- .aref ovarsens ypeef uel. cel

't he- Ioss -of t her mal ener gy-r.equited-for. heatlng for . pomer generatlon can.

'be--reduc@&eﬁﬂ%EWQR%kﬁﬁtﬂ¢mrzatlon " can be-" |ncreased , “and t he power

" suppl y system can be " dowi nsi zed: * To obtain the above. advantages -a

~chenical - reaction apparan§Cé@§§Mﬁr%ftlﬂ%ﬁﬁﬁlQBpect of -the. -

The present 1nventlon has the advantage that 1n .
j a chemlcal reaction apparatus whlch lncludes a flow
:path for allowlng fluld to flow and causes a heatlng
."eelement 'to heat the 1nterlor of the flow path to ‘
";ﬁ;perform a de51red chemlcal reactlon, the energy
ﬂjutlllzatlon is- 1mproved by suppre551ng the thermal
:_ energy loss caused when the thermal energy generated by“j
the heatlng element ‘is partlally radlated outSLde 'The -
.present 1nventlon also- has the advantage that when thls“

"chemlcal reactlon apparatus 1s applled to a power ,-'
.supply system us1ng a fuel reformlng type fuel cell,. .

_ the loss of thermal energy requlred for heatlng for
.power generation can be reduced, the . energy utlllzatxon_
can be.rncreased, and the power supply system can be
“downsized. R - |

.To obtain the above advantages,.a'chemicai
reactiOn apparatus.aCCording to one aspect of the
present invention is provided as defined in claim 1 of the

appended claims.



.present invention is provided as defined in claim1 of the appended
clainms. 1 7 JUN 2005 5 The heat radiation preventing film can subdr dé& 2005
radi ati on of- heat” fromthe outer surface of the substrate. a box menber

whi ch-covers all.the  outernost.,surfaces!of Preferably, this chemca
reaction apparatus further conprlses the plurality of. substrates’
including the heat at, -least a portio® between the box nernber and 'the.
radi ation.-preventing film wherein a space is formed in" outernost
surfaces 'of the,plurality' of.substrates including the heat. radiation
preventing film The .space is kept in.a;substantially.vacuum state, or a
'gas. having, thermal . conductivity Iomer than' that of conponents of 'the

- box'. menber is sealed in'the space,. 'so . heat 'conduction to ‘the
outside fromthe outer surface. . of the substrate i ncl uding-th. heat
radi-ati.on . .preventing filmcan be suppressed. Accordingly, it is

possi ble to suppress the'thermal:ehergy | oss when. the. heating. el ement

heats the interhorndftt hgaihevoRapheveafdnynNes €4S ’ o | on.
Preferably, the plurality of sﬁbs%rgggs |Rglude a?areas%g%eg%lfgp tég%}ate

in ne'-sufiace: of up h [ a second substrate
~bonded-to one sur%a%% tﬁ? 8E€e |rst§%E %?a?genggfsgggﬁﬁ ‘2005 6 In one
- enbodi nent, the heat radiation preventlng filmis one of

. Preferably, thls chemlcal reactlon apparatus further compr:tses .
a box member whlch covers all the outermost surfaces of |
the plural;ty of substrates 1nclud1ng the heat
-radlatlon preventlng fllm, whereln a space 1s formed lnlﬁ.
'“"::: at least a portlon between the box member and thet;' |
o outermost surfaces of the plurallty of substrates
"1nclud1ng the heat radlatlon preventlng fllm The
space is kept in a: substantlally vacuum state,.orla gas
'.hav1ng thermal conduct1v1ty lower than that of .
components of the box member is: sealed ln the space, so
"fheat conduction to the out51de from the outer surface
.of the - substrate lncludlng -the heat radlatlon
.preventlng'fllm-can-be sUppressed -Accordlngly, 1t 1s
Lpossible to suppress the thermal energy loss when the_

,heatlng element heats the 1nterlor of the flow path

and increase the energy utlllzatlon

Preferably, the plurallty of substrates include at least a

first substrate in one ‘'surface of which ‘the flow path

'1s-formed, and a second substrate bonded to one surface

of the first_substrate.



a retal filmnmade-' of Au, Al', . or Ag,. and a netal.; oxide fjLm nmade
of-sn02 i 1n03 , or 'ZnO This heat radiation preventing -filmisat | H&8005
one of .a first heat rad'iatio npreventing. filmwhich covers at |least. a
.portion of-the. other su.rface of the first-substrate; .away from one
surface,. a. second heat radiation other surface of the second substrate
away fromone preventing film' mhichecovers at-least a portion of. the

_ surface'mhichopposes 'the first. substrate third.hea radiation preventing
film which 'co' vers at |east. a portion of -, those side: surfaces. of .the.

1St SUbStr ateop LGN, ALE ROLRENALEN! Alus 00k e AIIRRIUEL AP S and o2

:fourth heat radlatlon prevent’i ng f a portron
.;"-‘)I-pt_[‘ﬁéep%hﬁ%tgi”' 35" Tl Sty Hhe Todidngeteirelie 6 E@%ﬁe@irﬁef‘d' e
o espo Q.fﬁtgﬁf*Set e ShBRe f'ds”r‘t T iR oRRLs Bhepaadidtqsgcs ohere
a0y PhegeRlEng; }‘Eén's?l%oﬁa@ U g Fey pubgtepaLine flow path:
subst r.at ey, £ Doy mgp@gaﬁm%e £ BB A &5 L hE 10L0RT sur face of the

l_second su%strale a rom orne sur ‘ace,
b opretoh o1 98 AW e e B BCE T highatee (1 11
- .away from one surface, a second heat radlation.ti:L DI
'“'preventing film Wthh covers at least a portion of the
':hother surface of the second substrate away from one
;:Trgsurface Whlch opposes the first substrate, a thlrd heat
‘tii;radiation preventing film which covers at least a -
:“portion of those 51de surfaces of the first substrate,
-j:whlch are perpendlcular to the other surface, and a
fourth heat radlation preventlng film which covers at
least a portion of. those 51de surfaces of the second .
'substrate, which are perpendicular ‘to the other
surface. _ | | L _ h _
Optionally, the heating element comprises a thin-film heater.
This thin- film heater has one'of a 21gzagged shape
‘correspondlng to the ‘shape of the 21gzagged flow path,-
".and a rectangular-shape coverlng.substantially the"
*“whole of the flow path,land'is formed on'at.least'one
of that‘one surface of the second substrate,'Which:
'»opposes3the.first substrate, the‘other.surface of.the
second substrate away from'one surface, and the other
'surface of the first substrate away from one surface

. On the surface on which the ‘thin- film heater is formed,

surFace of - the flrstg'”



7 the heating elenment has an insulating filmwhich covers th { n-film
heater and has a flat upper surface. The heat radiation prevénti H@ 205 m
may be formed on this insulating film Aternatively, it is possible to 5
incl ude a MW 9¥834PBstrate which is bonded onto the insul RETHEPOINIBM and has
a recess in a surface which opposes the thin-filmheater, and formthe
heat radiation preventing filmon the outer surface of thls third
substrate. The recess is in a substantially 10 vacuum state, or a gas

havi ng thermal conductivity |ower than that of the third substrate is
sealed in the recess. Also, as the heating elenent, it is possible to

i ncl ude a conbtbeibeatinw phemenahan an dewbdetisg fiémcahbﬁ%s@OV%@%r

formed in at least a portion thereof, and a ppl uni t _which plies a
conbustion fluthe EBiRnElEmnrerteH AN &ﬁspé‘t }’Flia% }é h@PﬁEi‘c%ner%

By 5 conbust i olFEaEERORELT (REY I Tt S Reargtrefagty Déhen the
cheri cal 1eact g, a0pasat UB1.0! AR o ALASE J NYENL ogekglmlt@d to a power

supply system orm ng type fue IS possible,

as a fuels vaporhzefiget éﬂppays@@s%@%l%i & WohaedobnfBt fRECl as power
generation fuel to the flow path, and vaporize the fluid in the flow path

by heating thengkhowtpaghrbymt &ed hedd iangrealearerin aAsuafhcé JhiNcR005
reforming. unit, it is possible to forma -reformng
opposes the thin-film heater, and form the heat
radiation preventing film on the outer surface of this
third substrate. The recess is in a substantially
10 vacuum state, or a gas having thermal conductivity
lower than that of the third substrate is sealed in the
recess.

Also, as the heating element, it is possible to
include a combustion flow path having a combustion

15 catalyst layer formed in at least a portion thereof,
and a supplying unit which supplies a combustion fluid
to the combustion flow path, and a thermal energy
generating unit which generates thermal energy in the
combustion flow path by a combustion reaction on the

20 combustion catalyst layer.

When the chemical reaction apparatus of the
present invention is applied to a power supply system
including a fuel reforming type fuel cell, it is
possible, as a fuel vaporizer, to supply an aqueous

25 solution of methanol as power generation fuel to the
flow path, and vaporize the fluid in the flow path by

heating the flow path by the heating element. As a



.catalyst layer in-the flow path, and reform the.. power generation fuel
in the.. flow path  by.heating the..flow path by the heating ehanghn zms

thereby produce hydrogen .As a: carbon mpnoxi de renovi ng un|t
.possibl to.:..... " forma-:.selective oxidation cat al yst. Iayer in
the flow ..path, and-renove carbon nonoxi de. from a gas. nixture

cont ai ni ng carbon nonoxi.de by heating the8flow path by the heating "
elenment: .Electric - pover can be -geneér at ed by' supplylng hydr ogen produced
. by’ these units to 'the fuel--cell; and causing , hydrogen. and- oxygen:
to react with. raformpnpennit, Int|h§epQﬁsrbﬁelb¢efbnmfarﬂefarh£ﬂg

.radi ation preventing filmwhich covers the :outernost .surfaces of'the
pIurallty of : s%%%@lhﬁésléverth@ e Tladw patic: | and’ rpfoamathe, povand -
“further. conprises 'a box merber 'whi ch_covers all-the outernost-surfaces of
~the: “pl ural.tqﬁfb?ra%ﬁet faeés inndihedi He't tra thedey raeaiingrithe flow
- preventing. film n £ around-the outernost -.surfaces of the .
plurality of " 1'sl't‘at?:l thEPB'd'P-ﬁQ teH@menbnea'%h?%\%ilPHtP’éth?@vehﬁ/dr#‘@gfaﬂ m
space whi'ch i ubstantlally vacuim state or, ed. 1n this manner, it

i's: ..possibl }‘st & r%%l’ﬂle%nthap%‘s " FeMAYe Al Weher. g’yt reguPPEgiPde Reating.

for .power gen -1 on, crease the .ener and dOWﬂSIze t he
p ey g

I
~ power ' suppt y sys Mg g7 508§l§5t,&(?%rctﬁtl iﬁz)éit n?l’érlﬁsEBEt fdr“ hi's _
- i hvention, ?’Et}{ S 4 crio]yérdg? OFQ?xé\%B %ﬁ%%ﬁ%l’rcg%sé’fe‘%?% ggé'ﬂa‘?ﬂth” cr aitm 26 '

- Accordlng to F Ut et aspec
o -_'contalnlng carbon monox1de by heatlng the flow path by

o

'f'the heatlng element | Electrlc power can be generated
:1-by supplylng hydrogen produced by these unlts to the
hl?'fuel cell, and causrng hydrogen and oxygen to react
hfgfw1th each other - It 15 also p0551ble to form a. heat
'hradlatlon preventlng fllm whlch covers the outermost
- 5;ﬁsurfaces of the plurallty of substrates of the chemlcal
'reactlon apparatus, and further comprlses a box member
'whlch covers all the outermost surfaces of the
.”'plurallty of. substrates lncludlng the heat radlatlon Frb
preventlng fllm, and forms, around the outermost |
surfaces of the plurallty of substrates 1nclud1ng the
‘heat radlatlon-preventlng fllm,_a-space which is in a
substantially vacuum‘state'or'in:which argas_having low.
'thermal conduct1v1ty is: sealed 'In this manner, it is
possible to reduce the loss of thermal energy requlred

for heating for power generatlon, increase the energy

‘utlllzatlon, and downsize the power supply system



proevi ded a chem cal reaction apparatus as defined in claim48. quhhlﬁ&@
obj ects and .advantages of.-the invention will be setforth.in' t
description. which follows, and 1 7 JUN 2005 WO 03/ 082460 9 PCT/ JP03/ 03364
in“part will, be obvious fromthe description, or may -"be |earned by
practice of the invention. The objectss and advantages of the invention nay
be realized and obtained by neans of .the instrunentalities and conbina 5
tions partlcularly poi nted out hereinafter.. Brief Description of Draw ngs

The acconpanyiRgcdfanhggso whbeRedr &sbREE! BE onstitute a part.
of the specification, ?Ilust ratg enggdlneg?s%%ggtﬁggfgggﬁ §Be§ﬁd

toget her widi 4d@ éhﬁoasﬂeéagapﬂg Sy5REkPa:0LLaR,2ROY] A0d png 0ot al ! ed

description of the enbodi el ow, “Sérv the
principl es of t 1is an e p plan view of the second
embodi nent ongI(’e %@¥§§ treac gﬁhﬁﬁpQFBFﬁ agchHFnSnVEBtﬂénth§h§¢@seﬁt
|nvent|on q# % is a Sect onal view of the second enbodinent of the
cheni cal HEA9Y %p%%?%f%% at€BFHIAD 2PBarAEUpr agedefinedninonlakiG4s3 is
-a 'sectional view show ng. the state in 20 which the chemical reaction

‘a aratus acc is LG to th resent ‘invention i's packaged: FIG 4 |s an’
Oggned up- plagd§| gﬁdan advantages of . Ehe 1%ventlon T

Wlll be set forth 1n the descrlptlon Whlch follows, and ;i;irt




enbodi nrent of the chem cal reaction apparatus according to the gnfSﬁBt
i nvention; FIG 5 is a sectional view of the second enbodinent of oA 2005
chemi cal reaction apparatus according to the present invention; 1 7 JUN
2005 WO 03MR9UBB490 PCT/ JP03/0336 FIG 6 is a sectional RGEWOHIIEhe third
enbodi mrent of the chem cal reaction apparatus according to the present

i nvention; FIG 7 is a sectional view of the fourth 5 enbodi nent of the
chemical reaction apparatus according 10% o0 the present invention; FIG 8
is a sectional view of the fifth enbodi ment of the chem cal reaction
apparatus according to the present invention; FIG 9 |is a sectional view
of the sixth ehbderreriillofoa wovdresi E5Pny Ehet ABRCEPPEIRULTB®H ding to

th t i tion; FIG_10 i, i onal i f the se:
enbod! mont of PheLCHOMSRY RERENA ipaPaL BEVEEEOr Al ngl s T I pr esent

ern el onot $a atPaitAgEd [ The 1AVl 1bATHEY 9L e DAY I D 11T

cheni cal react?on appar atus accor esent 1 nvention; FIG 12 is

a bl ock di agra&%g%fﬂ\é&'%ﬁf}n@&ﬁé i1e e 13QthDReALARNGEEE NN capayer supply

systemusing a
5 tions particularly pointed out hereinafter.

Brief Description of Drawings

The accompanying drawings, which are incorporated
in and constitute a part of the specificétion, illust-
rate embodiments of the invention, and together with

10 the general description given above and the detailed
description of the embodiments given below, serve to
explain the principles of the invention.

FIG. 1 is an opened-up plan view of the second
embodiment of a chemical reaction apparatus according

15 to the present invention;

FIG. 2 is a sectional view of the second
embodiment of the chemical reaction apparatus according
to the present invention; .

FIG. 3 is a sectional view showing the state in

20 which the chemical reaction apparatus according to the
present invention is packaged;

FIG. 4 is an opened-up plan view of the second
embodiment of the chemical reaction apparatus according
to the present invention;

25 FIG. 5 is a sectional view of the second
embodiment of the chemical reaction apparatus according

to the present invention;



cell, to which the chem cal reaction apparatus according to the ggﬁsent
invention is applied; FIG 13 is a schenmatic view show ng the rrdHﬁéﬂﬁnt
of a polymer electrolyte fuel cell applied 25 to the fuel cell to which the
chemi cal r dRPIA4605ppar at us according to the present i nveRET/HRP30E364
applied; 1 7 JUN 2005 WO 03/082460 PCT/JP03/03364 11 FIG 14 is a
schematic view show ng the main parts of a practical arrangenent of the
whol e power supply systemusing the fueltOcell, to which the cheni cal
reacti on apparatus according to the present invention 5 is applied; FIG 15

is an opened-up plan_view of an exanple of the conventional cﬂgnic
reaction apparatus: Fafd £l & aesestiongkiVismaol iths Jhimce ewRe W@ngf t he

conventional chemcal reaction apparatus. 10 Best Mode.for, Ca ing Qut the
| nvention A ch@%?%aﬁ £ 3%%?%ﬁ Eﬁégﬁ%RQH?QﬂﬁﬁﬁEﬂ%ufqﬁ?qﬂﬁgg 5Peééét ?nvention

and a power suppl S ' ding this chem cal reaction apparatus wll
be descri bed iﬁge§8§giigg%bg§#%h t he basis of enbodi nents shown in the 15

drawi ngs. <Chem cal pgachi on APRaLRiEa fdv Ur ROy FIG 1 1s an
opened-up plan view as the first enbodi nment of .a chem cal reaction
apparatug . 100cgBoachmenti 88 tRet Higei &FEMeddtMia iapparatids Accsrding

to the present invention;

FIG. 8 1s a sectional view of the fifth embodiment
of the chemical reaction apparatus according to the
present invention;

10 FIG. 9 is a sectional view of the sixth embodiment
of the chemical reaction apparatus according to the
present invention;

FIG. 10 is a sectional view of the seventh
embodiment of the chemical reaction apparatus according

15 to the present invention:

FIG. 11 is a sectional view of the eighth
embodiment of the chemical reaction apparatus according
to the present invention;

FIG. 12 is a block diagram showing an outline of

20 the arrangement of a power supply system using a fuel
cell, to which the chemical reaction apparatus
according to the present invention is applied;

FIG. 13 is a schematic view showing the
arrangement of a polymer electrolyte fuel cell applied

25 to the fuel cell to which the chemical reaction
apparatus according to the present invention is

applied;



a sectional view taken along aline A- A of this chem cal react{ ﬁn
apparatus 100. FIG 3 is a sectional view show ng an exanpl e of eJUN 2005
packaged state when the chem cal reaction apparatus 100 according to the
25 present YOOH$24%8n is applied to an arbitrary system  TRE/ER9&AI364I
reaction apparatus 100 of the first enbodinment of the present invention
includes 1 7 JUN 2005 WD 03/082460 PCT/J P03/03364 12 a rectangul ar
plate-like first substrate 11 having at Jleast a flat upper surface and
made of silicon. For exanple, the first substrate 11 has a |l ength of about
15 to 35 nmnm a width of about 10 to 25 mm and 5 a thickness of about 0.4
to 1.0 mm In one sdCacéd? iSea schemapper VEeH f WY e maddt Paysst r at e

11, fi i d fl th 12 is f d .b i th i tt _

Lo o 2 SRS Lo oL b 2 LS LM TP LY o i, W grgget Ler i
le, 10 th .1 i ! t ' dept h

crarple. 10, U etz Besa LD, ofo abeily G (8 LB 2 dent

two end por ti onseale {che abbavatBa! Boddralfy oS o holdy b rkirabhy central

portions of two predeterimned end faces of the first substrate 15 11 to
forman isl et pogtappbdiaad outlet port 14. That is, the depth of the flow
path 12 is set to be about half the substrate thickness. For exanple, a
reaction catal yst | &t. 15 fisr anpepkoedirng plalesvied ahem cadanpdactoifon i s
preferably the conventional chemical reaction apparatus; and
FIG. 16 is a sectional view of the example of the
conventional chemical reaction apparatus.
10 Best Mode for Carrying Out the Invention
A chemical reaction apparatus according to the
present invention and a power supply system including
this chemical reaction apparatus will be described in
detail below on the basis of embodiments shown in the
15 drawings.
<Chemical Reaction Apparatus>
(First Embodiment)
FIG. 1 is an opened-up plan view as the first
embodiment of a chemical reaction apparatus 100
20 according to the present invention. FIG. 2 is
a sectional view taken along a line A - A of this
chemical reaction apparatus 100. FIG. 3 is a sectional
view showing an example of the packaged state when the
chemical reaction apparatus 100 according to the
25 present invention is applied to an arbitrary system.

The chemical reaction apparatus 100 of the first

embodiment of the present invention includes



20-forned on the entire inner wall surfaces of the flow path 12. 4Taeyn o505
present inventionis not limted to this formin which the reaction
catalyst layer 15 is formed on the inner wall surfaces of the flow path
12: That i‘g‘,’(’%‘ﬁzﬁpr angement in which only the flow path 1ECTHERIEIf4Hr ned
and no reaction catalyst layer is fornmed is also possible. A rectangular
second substrate 21 which functions 1 7 JUN 2005 WO 03/ 082460 PCT/ JP03/ 0336
4 13 as a lid and is nade of gl ass about18.7 nmthick is adhered (bonded)
on the upper surface of the first substrate 11, thereby formng a solid
body by these two substrates. That surface of the second substrate 21, 5
which faces the Feesangwbak: fl@ter ldike fdsdwerbstrebeell ota¥iRg stcond

substrate 21 is flat. subst anti al t he whale of this surface (nore
speci fically, %ﬁ@sFoﬁeg?aELHQQﬁﬁaﬁﬁf e ppd H@gﬁpﬂgr3+fb5??lons inthis

enbodi nent ), gF%%LFi%%é eﬁq@%;pffggﬂngg%éy}é%etEhnhégoéeﬁég§gﬁ §¢1 msuch as

TaSi Ox or Ta orned as 'a heating el énmen I'ng el enent.

This thin resi abait 1518 55 1), o0 JAGLHE oF apdRt 16 £5925 Am M dhd be _
explained in the second to eighth enbodiments described |ater, the heating

el ement gf thea $hipkesSHtof NI @4 itee 1.0 hen.t hin- bhenshetdes, 22 in this
enbodinent is not limted to the formin which it is fornmed on that

surface of theisecpntheubpentanrZace Wil dheogiosss sthetfatgtldubstrate 11.
'n short, thISfine zigzagged flow path 12 is formed by using the
micropattefning technology developed in the
semiconductor fabrication technology. For example,
10 the flow path 12 has a width of about 0.2 to 0.8 mm,
a depth of about 0.2 to 0.6 mm, and a total length of
about 30 to 1,000 mm. The two end portions of the flow
path 12 are extended to substantially central portions
of two predetermined end faces of the first substrate
15 11 to form an inlet port 13 and outlet port 14. That
is, the depth of the flow path 12 is set to be about
half the substrate thickness.
For example, a reaction catalyst layer 15 for
performing a desired chemical reaction is preferably
20 formed on the entire inner wall surfaces of the flow
path 12. The present invention is not limited to this
form in which the reaction catalyst layer 15 is formed
on the inner wall surfaces of the flow path 12. That
is, an arrangement in which only the flow path 12 is
25 formed and no reaction catalyst layer is formed is also
possible.

A rectangular second substrate 21 which functions



thin-filmheater 22 need only be so designed as to 20 supply prede%ermgq%e
thermal energy to the reaction catalyst layer 15 in the flom/pafh 1N

to fluid flowing in the flow path 12, in order to progress a desired
cheni cal ré‘éfb?ql‘@%‘ﬁ(’cat al yst reaction) in the flow path 12PCTAFRAF0I3pE
thin-filmheater 22 is fornmed 25 on that surface of the second substrate
21, which faces the first substrate 11, _i.e., when the thin-film heater
22 is forned i medi ately above or on thel?lom/path 12 1 7 JUN 2005 WO
03/082460 PCT/JP03/03364 14 as in this first enbodi nent, the thernal

energy can be efficiently supplied to the flow path 12. This  relatively
i ncreases the #fhe? nia%—defh%‘xglys Jtade of 9d@ss| APPHES OF i/ r B ERBOSI Hent, the
thin-film heater

22 51 d int t | h bstanti al |
the whol e of tRRECedr 1ATAtt) o e SRE-ELSUrPHFE 9%, ChRi GRS Bpposes the’
first bstrat f 1
Formati on of tARESERIRErFHm Creiitss IMRT B, PAgRcaaY b e 8 et uri ng
cost can 10 b§uB§9H£§Q?.'fTﬂiEf%&%ﬂaaﬂ BENtheagesBAWNsliBstkite 2212 heat

|

radi ati on preventing m 16 1s forned on the other surface or |ower
surface gf theyhieht raubstfiad ef lldstanthbserattiee 13i de shef acwer exaepicé or the

inlet port 13 and 15 outlet port 14 of the first substrate 11. Likew se, a
heat radi ati onopr ehenseognd i suwbA3radieridladst dlielie héat subatdeatiahlyreventi ng
film16 is formed on the surface of the second substrate 21 away fromthat
surface whi ch the whole of this surface (more specifically, the ldwer
surface except for peripheral portions in this
embodiment), a thin-film heater 22 made of a thin
10 resistor film such as TaSiOx or TaSiOyxN is formed as a
heating element or heating element. This thin resistor
film is formed by, e.d., sputtering.
As will be explained in the second to eighth
embodiments described later, the heating element of the
15 present invention, i.e., the thin-film heater 22 in
this embodiment is not limited to the form in which it
is formed on that surface of the second substrate 21,
which'opposes the first substrate 11. In short, this
thin-film heater 22 need only be so designed as to
20 supply predetermined thermal energy to the reaction
catalyst layer 15 in the flow path 12, or to fluid
flowing in the flow path 12, in order to progress a
desired chemical reaction (catalyst reaction) in the
flow path 12. When the thin-film heater 22 is formed
25 on that surface of the second substrate 21, which faces

the first substrate 11, i.e., when the thin-film heater

22 is formed immediately above or on the flow path 12



opposes the first substrate 11, or the upper surface of 20 the seg@ngyn 25
substrate 21, and on the side surfaces of the second substrate 21.
Consequent | at | east portions of the outer surfaces (surfaces to be
directly B¥WA00 t he external anbient) of the chenicalPCHEP4¥PI36h
apparatus are covered with the heat radiation 25 preventing filnms 16 and
23. As shown in FIG 2, the heat radiatioq preventing filnms 16 and 23
preferably cover all the outer surfaces £47° JUN 2005 WO 03/ 082460

PCT/ JP03/ 03364 15 of the first and second substrates 11 and 21, i.e.

substantially all the surrounding syrfaces Qf the chem cal reactjon
appar at us. Howé&fer™ ghéspﬁégé tegPﬂ€%Wﬁ?EW1¢h§|%§§qm i 8§ CARPs®Porm so

these filnms 5 .al,so, be rtially,. fo eeded., For,exanple, since
the area of the il&éegﬁgyagggg% e%a%% sﬁ%gﬁl@% }aecl(illsqr%u_chrrg%l Ime)r t han t hat
of all the outefy1g &%ﬁ?ﬁinc&ggsggaﬁ?éaﬁké’fzﬁﬂ” RN IEA] 3 bLkABN16 and 23

may al so be forned on e outer surfaces except for these side 10 surfaces
of the substrates. I ithikarerakl embedifeRp) esse radiratiion efeateat 2brom t he
first and second substrates 11 and 21 by formng the heat radiation
preventiryg fil ns foraed 28tonat hecbatbgulswrdteges cof sudsesatialddyr &hes.
However, a heat radiation preventing 15 filmor filns nay al so be forned
only on the outwholesgff bes efirfaecesabsthatzscandy substaaist 2dy ewbachhi ch

the thin-filmheater is forned, i.e., the second subsStrate 21 in the
arrangenent shQRPOSESFEhe first substrate 11. Therefore, the number

of steps requlired for the formation of this thin-film
heater 22 can be reduced, so0 the manufacturing cost can
10 be reduced.

In this embodiment, as shown in FIG. 2, a heat
radiation preventing film 16 is formed on the other
surface or lower surface of the first substrate 11 and
on the side surfaces except for the inlet port 13 and

15 outlet port 14 of the first substrate 11. Likewise, a
heat radiation preventing film 23 similar to the heat
radiation preventing film 16 is formed on the surface
of the second substrate 21 away from that surface which
opposes the first substrate 11, or the upper surface of

20 the second substrate 21, and on the side surfaces of
the second substrate 21. Consequently, at least
portions of the outer surfaces (surfaces to be directly
exposed to the external ambient) of the chemical
reaction apparatus are covered with the heat radiation

25 preventing films 16 and 23.

As shown in FIG. 2, the heat radiation preventing

films 16 and 23 preferably cover all the outer surfaces



These heat radiation preventing filnms 16 and 23 20 are nade of a_netal
material such as Au, Al, or Ag having high heat ray reflectancd, ! oftUNa2005
metal oxide such as Sn02, 1nG8, or ZnO As a nethod of form ng this heat
radiation WREMPng film the fol | owing methods can be aBpNIRIFI36H5 That
is, it is possible to apply: a nethod in which a nenber obtained by form ng
the nmetal material described above into foil or filmis coated with the
metal 1 7 JUN 2005 WD 03/ 082460 PCT/ JP03//03364 16 oxi de descri bed above,

or afilmof the netal oxide is fornmed on the nenber, and the resultant

filmis adhered the outer ;surfaces aof each suhstr . a.,method in
which a thin f|°|fmtt§1e gfﬁsgf SPAeSLERNS FRSITEERS | @ﬁa%ﬂﬁdloﬁ-t'he out er
surfaces of ea substra b Si LN, fi t] chni que such
as deposition, %Q“s"ﬁﬁflf’é?ﬁ‘%gy %%Hp#lggi%‘&Eéﬁﬁ%lﬂré%%rgﬁr%gm%%c% Fhe gut er

surfaces of eagl eﬁlliggtlr aksc %gnc §Pa%§.h f'&?ex%xa,i NSe ?)fre% tof the above

materials together with an 10 appropriate solvent. Al so, "as shown in FIG
3, when the chemivealiohedst heR BPRAFEY Uso 1901 Acemtli nG tthdshe mnasgent

invention is applied to an arbitrary system e.g., a power supply system
usi ng a fsuel celay tdsbebdepartbeill $5fdated  ad meeddibm Gar rexaapilen
apparatus 100 may be packaged inside a support nenber 40 (e.g., a housing,
box or nounti ngifcamthevyegsuppokine nglge etwsfakes Tfe each substrate
is much smaller than that of all the outer surfaces,
the heat radiation preventing films 16 and 23 may also
be formed on the outer surfaces except for these side
10 surfaces of the substrates. It is favorable to
suppress radiation of heat from the first and second
substrates 11 and 21 by forming the heat radiation
preventing films 16 and 23 on the outer surfaces of
these substrates. However, a heat radiation preventing
15 film or films may also be formed only on the outer
surfaces of one substrate, e.g., a substrate on which
the thin-film heater is formed, i.e., the second
substrate 21 in the arrangement shown in FIG. 2.
These heat radiation preventing films 16 and 23
20 are made of a metal material such as Au, Al, or Ag
having high heat ray reflectance, or a metal oxide such
as SnOp, InO3, or ZnO.
As a method of forming this heat radiation
preventing film, the following methods can be applied.
25 That is, it is possible to apply: a method in which a

member obtained by forming the metal material described

above into a foil or film is coated with the metal



support nmenber 40 supports an inlet pipe 13a and outl et
inlet pipe 13a and outl et pipe 14a are 20 connected to.

the i

e’ inlot! poldl 485

and outletvgort 14 (FIG 2), respectively, and preferably have a fl ow path

havi ng t he
supporting pieces 41 are provided on, e.g., the four,

upper

QPH082468ss section as the flow path descri bed REHIROFPIIG4he

and | ower

corners of 25 the chem cal reaction apparatus 100. Accordingly, a space or
spaces 42 are forned between the supportl®member 40 and chenical reaction
apparatus 100 except 1 7 JUN 2005 WD 03/082460 PCT/JP03/03364 17 for

portions of the supporting pieces 41. The space 42 is

space. The heaf*id8ufeseREePAIFHranEe andy Be O nsPEvES

such as air, freon,

thermal energ aonsed i

nsul ati ng

% geat
By 9%Ht¢ ng® a gas

oUch 2 21, Feal o ERL OB B 038 De Ry el

substantial |y yaouym stole. . CPNSEauaNtdty idhlst,Bessi B

ng a

FrbRot B by hoat

ermal” energy partra

conduction to &ﬁ@igusgggmiflmz&wp%y  mbebot@ heeartihesheat radiation

preventing filns

23 formed on the surrounding surfaces of the

chemi cal sreact ikgpmagpahatbs d@fer Therfduey odaeh eubetrateflbgeusinghe box

40 may be covered with a radiation preventing filmor

| ayer

15 40a, 40b

for reflecti ngaheatn(fhinafedusi i )teimiandl wuchdiest déprbsdhiohe appar at us
100 so that outwardly escaping of heat ener% , that is, heat
o}

sputtering, or plating; or a me

| oss may be

d in which the outer

surfaces of each substrate are coated with fine grains

of any of the above materials together with an

10 appropriate solvent.

Also, as shown in FIG. 3, when the chemical

reaction apparatus 100 according to the present

invention is applied to an arbitrary system, e.g., a

power supply system using a fuel cell to be described

15 later, this chemical reaction apparatus 100 may be

packaged inside a support member 40 (e.g.,

a housing,

box or mounting frame) via supporting pieces 41l.

The

support member 40 supports an inlet pipe 13a and outlet

pipe l4a. The inlet pipe 13a and outlet pipe l4a are

20 connected to the inlet port 13 and outlet port 14

(FIG. 2), respectively, and preferably have a flow path

having the same cross section as the flow

described earlier. The supporting pieces 41 are

path

provided on, e.g., the four, upper and lower corners of

25 the chemical reaction apparatus 100. Accordingly, a

space or spaces 42 are formed between the support

member 40 and chemical reaction apparatus 100 except



prevented or decreased. Wiere the space 42 is vacuuned to increase the 20
insulating efficiency, the lower the pressure in the space is, th& bughes
the insulating efficiency is. Practically, for exanple, the pressure in

t he space X0 03#468e about 100 Pa, or nmde | ower than abouRCTIIRO/PEI64 \\here
the pressure is about 100 Pa, the power applied 25 to the thin-film heater
22 may be decreased about 30% in conparison wth the case where the
pressure in the space 42 is atnosphere. IPreferably, the pressure in 1 7
JUN 2005 WD 03/082460 PCT/JP03/03364 18 the space 42 is set to about 10 Pa
or set to lower than about 10 Pa. Were the pressure is set to about 10
Pa, the power f@gpbpstiienstp the nsuppenhided @leresndy || okbe SBycabdat hal f
in conparison with the case where the 5 pressure in,the_space 42 is

at nosphere. |t i8ad beatindBFYtabi ¥ hRa¢%e éﬁﬁbd*ﬁﬁhﬂnégléﬁéﬁﬁ in FIG 3is
appl i cabl e not on%éato e che react.i on apparatus_of s_first

th i | t.hi
enbodi nent, buP&al maPSecﬂ§¥1§1ff¢¥£E¥? Y s & 98¢ FH&thaual 10
nmbodi ts t d Lb | i.cal i 100
o o 10, dasctt b ) aLge L5 406y I Gelteagsin cage s

according to [ ment “as cri ve, eat radiation

preventinmg fil mg,16:880)2381A5CpEPEIRRA00e My DL bSWIatRy of the first
and second substrates 11 15 and 21, respectively. Accordingly, radiation of

heat to the ouwmprdeetlr bin sbetonyes subdaesi dflyt haduunststate. second
substrates 11 and 21 can be suppressed. In

Consequently, it is possible to suppress the thermal
energy loss caused 1f the thermal energy partially
leaks by heat conduction to the surrounding support

10 member 40 from the heat radiation preventing films 16
and 23 formed on the surfounding surfaces of the
chemical reaction apparatus 100.

The inner and/or outer surface of the box 40 may

be covered with a radiation preventing film or layer

15 40a,40b for reflecting heat (infrared light) outwardly
radiated from the apparatus 100 so that outwardly
escaping of heat energy, that is, heat loss may be
prevented or decreased.

Where the space 42 is vacuumed to increase the

20 insulating efficiency, the lower the pressure in the
space is, the higher the insulating efficiency is.
Practically, for example, the pressure in the space 42
may be about 100 Pa, or made lower than about 100 Pa.
Where the pressure is about 100 Pa, the power applied

25 to the thin-film heater 22 may be decreased about 30%
in comparison with the case where the pressure in the

space 42 is atmosphere. Preferably, the pressure in



addi tion, heat conduction to the surroundings can be suppressed by formng
t he heat insulating space 42 20 around the chem cal reaction apphiajuns 2090.
When the thin-filmheater 22 heats the interior of the flow path 12,

t heref ore, WQO¥®82468ssi bl e to suppress the thermal energy FO4P0¥838td by a
partial leak of the thermal energy to the outside, and thus, inprove the
energy 25 utilization. (Second Enbodinent) FIG 4 is an opened-up pl an
view, simlar to 1 7 JUN 2005 WD 03/ 0824 PCT/ JP03/ 03364 19 the first
enbodi nent shown in FIG 1, as the second enbodi ment of a chem cal
reaction apparatus 100 according to the present invention. FIG is a

sectional viewthe FPRSE #¢ EFCSeD, TP ARG bhdFa 95 w8 §°Bl-°""8ro1tgf‘ﬁi s
chem cal reactign ratus 0. T, second. enbodi differs.fr th

arrangenent o %ﬂlﬁ%pﬁ?’r? 'enﬁgafﬁeﬁﬁei ?%Salfl?ea Jt%i%ﬁ?itqoma%é’glfcerlfoz g]’foremsd
on that surfaceQf g%w%%cgggégag%sa&ﬁe2@himicﬂn W%z‘aﬁa %wégbstrate

11 is forned into Zigza 0 shape corresponding to a w path 12 as
shown in FIG s deditt Bad ft Bhncbhbar Dch afid? has chsd diHeresimkl er than
that of the flow path 12 so as to be accommpdated in the flow path 12 as
shown in 51 G Pprdssude dnathangpaest 42t he dtmsedhidma heater 22 can 15 be
further approached to a reaction catalyst layer in the flow path 12,
conpared to the arrdrigemnibeofintikestbpdsthahbol nembodiesurt Fed shivowe.

Therefore, the ,
in FIG. 3 is applicable not only to the chemical

reaction apparatus of this first embodiment, but also
to chemical reaction apparatuses of individual
10 embodiments to be described later.

In the chemical reaction apparatus 100 according
to Ehis embodiment as described above, the heat
radiation preventing films 16 and 23 are formed on the
outer surfaces of the first and second substrates 11

15 and 21, respectively. Accordingly, radiation of heat
to the outside from the outer surfaces of the first and
second substrates 11 and 21 can be suppressed. In
addition, heat conduction to the surroundings can be
suppressed by forming the heat insulating space 42

20 around the chemical reaction apparatus 100. When the
thin-film heater 22 heats the interlor of the flow path
12, therefore, it is possible to suppress the thermal
energy loss caused by a partial leak of the thermal
energy to the outside, and thus, improve the energy

25 utilization.

(Second Embodiment)

FIG. 4 is an opened-up plan view, similar to



efficiency of supply of the thermal energy to the flow path 12 fan ﬁi
further increased, so the thermal energy 20 utilization can be r P 2005
increased. In this second enbodi ment, the second substrate 21 is directly
adhered (bdHY8MB24%8 one surface of the first substrate 11PCEHROYBI3P4 st and
second substrates 11 and 21 may be adhered by using an adhesive, and may
25 al so be bonded by anodi ¢ bonding. This anodi c bonding process will be
explained below 1 7 JUN 2005 WO 03/ 082460 PCT/ JP03/ 03364 20 The second
substrate 21 is overlapped on the first substrate 11, and these first and

second substrates and 21 are used as an gnode and t hode,

respectivel y. t&?lﬁ I%*’%SI% ef“i’roétlmﬁﬁ §E€‘6’ﬁdl%u@'s§r a]t’esaﬁ%%zfmfeffngr e 5 heated
to about 400 to _600 DC .vol tage , k\V i i bet ween t he

t wo electrodes.e£§3§%§§ ﬁeﬁFlf,cggpﬁgé% %g%%ﬁé¥¢§#é§%§ﬁq?tﬁﬁ§ second

Substrate 21-r“&ﬁ%d?ﬁﬂh&'E%”E%QESEEEEBtS éﬂg%ﬁhgjﬂngij g4 ayer having a
[ that i

hi gh oxygen ion concentration appears 10 In interface of the second

substrate 21, whigdrtifaeas vike,fisiailsubsbrate. 14, WAnea dldglgya gihecon
atons in that interface of the first substrate 11, which opposes the
second substratee 2B arfd thxdygehemdnsl raatthdniabeafanes dfod.he second
substrate 21, which 15 opposes the first substrate 11 are bonded, thereby
forming a strong borhal dancnd sowodinenhi dipferesEromiidre tar andemenidnd

second of the first embodiment in that a thin-film heater 22
formed on that surface of a second substrate 21, which
opposes a first substrate 11 is formed into a zigzagged

10 shape corresponding to a flow path 12 as shown in
FIG. 4, and this thin-fililm heater 22 has a width
smaller than that of the flow path 12 so as to be
accommodated in the flow path 12 as shown in FIG. 5.
In this arrangement, the thin-film heater 22 can
15 be further approached to a reaction catalyst layer in
the flow path 12, compared to the arrangement of the
first embodiment described above. Therefore, the
efficiency of supply of the thermal energy to the flow
path 12 can be further increased, so the thermal energy
20 utilization can be further increased.
| In this second embodiment, the second substrate 21
is directly adhered (bonded) to one surface of the
first substrate 11. These first and second substrates
11 and 21 may be adhered by using an adhesive, and may
25 also be bohded by anodic bonding.
This anodic bonding process will be explained

below.



substrates 11 and 21 are heated to about 400 to 600C and a DC vo BaglzN of
about 1 kV is applied between the 20 two el ectrodes as descri bed oV 20he
speed at which cations as an inpurity in the second substrate 21 nove

away from MWRO¥24P substrate 11 increases, so these cati¥FEIROARH/bye
within a short tine period. This reduces the tinme required for the anodic
bondi ng 25 process. Wien the first and second substrates 11 and 21 are
bonded by anodi c bondi ng as descri bed ab@fe, strong 1 7 JUN 2005 WO

03/ 082460 PCT/JP03/03364 21 bonding can be obtained. In addition, since no
adhesive is necessary, no inpurity such as an adhesive enters the flow
path 12. (Third Enbddiemsgecpng Frbsteate 2l sbetowialargedyonithd finsd FI G

2, as the third_ enbodi nent of a chem cal reaction apparatus 100_accordi ng
to the present SYRFEEFREENLILr n2RA; Eh?ﬁ?rﬁl%o%ﬁ#re?ﬁco tsrﬂ%r?%rrialtﬁnshéét er 22

is forned on th rface of a_second bstr at 2’1 whi ch f

:‘i rst substrat @n‘%,ﬁggr@nuﬁﬁg ffr gt %Iﬁ%%%i %tca@?c%’berlcfcsﬁcﬁg.ve? gstﬁi rd
nbodi t diffgns . f ; i J St i in that

Chouiting (11 e e E7fsr ahaT0etRd Slodtifardd A1 GRPGITRRG TN that an

additionag |y foidmadORet BBbusUBHACEL 0606 1O DREGRNEagWbSEr absul, which

opposes the first substrate and includes the thin-filmheater 22 enbedded
in the 1 kV is applied between the two electrodes.
Consequently, cations as an impurity in the second
substrate 21 move away from the first substrate 11, and
a layer having a high oxygen ion concentration appears
10 in that interface of the second substrate 21, which
faces the first substrate 1l. Accordingly, silicon
atoms in that interface of the first substrate 11,
which opposes the second substrate 21 and oxyden ions
in that interface of the second substrate 21, which
15 opposes the first substrate 11 are bonded, thereby
forming a strong bonded interface.

In this process, when the first and second
substrates 11 and 21 are heated to about 400 to 600°C
and a DC voltage of about 1 kV is applied between the

20 two electrodes as described above, the speed at which
cations as an impurity in the second substrate 21 move
away from the first substrate 11 increases, so these
cations can move within a short time period. This
reduces the time required for the anodic bonding

25 process.

When the first and second substrates 11 and 21 are

bonded by anodic bonding as described above, strong



film24, thereby formng a flat surface including the thin-film hedtguN 2805
on that surface of the second substrate 21, which opposes the first
substrate 11. 20 As in the second enbodi nent descri bed above, the
thin-film NEXP¥BYY is forned into a zigzagged shape cor RSB t o a
flow path 12. The second substrate 21 is adhered (bonded) to one surface
of the first substrate 11 via the insulating film24. 25 FIG 6 shows an
arrangenent in which the width of the tfFn-filmheater 22 is nade snaller
than that of the flow path 12, but the present invention is not 1 7 JUN
2005 WD 03/ 082460 PCT/JP03/ 03364 22 limted to,this arrangenent. In this
third enbodlnéh@nd14?mﬁﬁnubﬁ1Qhﬁﬁlﬁ@§terIEZaﬁglFbPﬁedsbﬁ?%l the zi gzagged

flow path 12, so the width of this thin- flln1geater s %E e equa
to that of theARReHPatds BLCeFSAVar A TRy L %’hgufﬁl?‘n 1T‘m gater 22 may

be nade wi der #1% the, f f m%aatﬁ 12 so as to substanti aIIy cover-the

entlreflowpa‘t=r Ut t the thin-filmheater 22 may be forned

into a rectanggfﬁ{rdsgﬁggafmé to cover the whole flow path 12, as in the
10 first enbodi nent shown in FIG 1. Wth the arrangenent of the third

enbodi megt, the thergnl cenergyssan dmleffieni, entimi lauppbi BIGE rom ahe
thin-filmheater 22 to the flow path 12 by arranging the thin-film heater
22 and flow pathel?hitdsenbodipamtt U et lmdenicaladerthdon sPpeeate
thin-filmheater 22 is covered with the insulating film24, a fluid
flowing in 100 according to the present invention.
In this third embodiment, a thin-film heater 22 is
formed on that surface of a second substrate 21, which

10 faces a first substrate 11, as in the first embodiment
described above. The third embodiment differs from the
arrangement of the first embodiment in that an
insulating film 24 made of silicon nitride or silicon
oxide is additionally formed on that surface of the

15 second substrate 21, which opposes the first substrate
and includes the thin-film heater 22 embedded in the
film 24, thereby forming a flat surface including the
thin-film heater 22 on that surface of the second
substrate 21, which opposes the first substrate 11.

20 As in the second embodiment described above, the
thin-film heater 22 is formed into a zigzagged shape
corresponding to a flow path 12. The second substrate
21 is adhered (bonded) to one surface of the first
substrate 11 via the insulating film 24.

25 FIG. 6 shows an arrangement in which the width of

the thin-film heater 22 is made smaller than that of

the flow path 12, but the present invention is not



the flow path 12 is not in direct contact wwth the thin-film heater 22.
This avoids corrosion and deterioration of the thin-filn1heater12QJByAm%e
20 influence of the fluid flowwng in the flow path 12. (Fourth Enbodi nent)
FIG 7 is YQe¥82¥Aal view, similar to FIG 2, as the fouRGHIPO}BBEM nent of
a chem cal reaction apparatus 100 according to the present invention. 25
This fourth enbodi nent differs fromthe arrangenent of the third

embodi ment in that a thin-film heater 224 s formed on the outer surface or
upper 1 7 JUN 2005 WO 03/082460 PCT/ JP03/ 03364 23 surface of a second
substrate 21, and.an jinsulatin film24 is formed on the outer surface of

the second subSfrded 59 §Bl§ngBaES9%?n¥he 1hitR¥S | Tk eaposiment e ey
f ' flat . f, including.t hj 5.thi,n-fil mheat, 22 d
that a heat radii OHTpEGaBEPRGSF: P o3 TRTHET MR TIPS e Prigeagapdr
surface or UPRAL,SWLERCE 20T shNEnLnaYLeh! 88 {ilddn dfhn 14t 1 Apkapgement
the thin-filmheate i's ornmed 1nto a zi gzagged shape corresponding to

a flow 10 pathal2peatmade theaseegndnerbodi peatsesgidhied above. FIG 7
shows an arrangenent in which the width of the thin-filmheater 22 is nade

smal | er tthan t hattedhattheelfy, ovhpathidZ2fibuthédmeprasenty ibw emideon i s not
limted to this arrangenent. 15 Since the thin-filmheater 22 is forned
out si de wider than the flow path 12 so as to substantially
cover the entire flow path 12. Furthermore, the
thin-film heater 22 may be formed into a rectangular
shape so as to cover the whole flow path 12, as in the
10 first embodiment shown in FIG. 1.

With the arrangement of the third embodiment, the
thermal energy can be efficiently supplied from the
thin-film heater 22 to the flow path 12 by arranging
the thin-film heater 22 and flow path 12 close to each

15 other. In addition, since the thin-film heater 22 is
covered with the insulating f£film 24, a fluid flowing in
the flow path 12 is not in direct contact with the
thin-film heater 22. This avoids corrosion and
deterioration of the thin-film heater 22 by the

20 influence of the fluid flowing in the flow path 12.
(Fourth Embodiment)

FIG. 7 is a sectional view, similar to FIG. 2[ as
the fourth embodiment of a chemical reaction apparatus
100 according to the present invention.

25 This fourth embodiment differs from the
arrangement of the third embodiment in that a thin-film

heater 22 is formed on the outer surface or upper



t he zigzagged flow path 12, the width of the thin-film heater 23 W&Mmpﬂms
made substantially equal to that of the flow path 12, or the thin-film
heater 22 may be nmade wi der than the flow path 12. Furthernore, the 20
thin-film NEA0¥82489 nay be formed into a rectangul ar shaRCTHEBOEPI/Y t he
whole flow path 12, as in the first enbodiment shown in FIG 1. In this
fourth enbodi nent, the heat radiation preventing film23 is formed on the
outer surface or 25 upper surface of the3 nsulating film24. This heat
radi ati on preventing film 23 prevents radiation of heat fromthe thin-film
heater 22 to the outside, and 1 7 JUN 2005 WO 03/082460 PET/JP03/03364 24
protects the tKUFIRCENPRedt 8PCoRd SWpsi¥aEndiodiaichep FREUL8tieda sectiona
view, simlar tQ.Fl 2 s _the fifth enbodime of em_cal _r.eaction
apparatus 5 15615Cg%raanof%e?h%npF%%é%ﬁt??nﬁﬁﬁi%ﬁ% o%hg iFF%ogﬁbodinent
differs from the,itangesenlo gf LoCipl LhLIiad L hatast gbhe

of "a hea i T'm

formation position . t radration preventing I's changed, and
a rectangul ar, yple3esyl Fkemihird substisher 204 Rdheladdifq( kanded) to the
outer surface of an insulating film24." This third substrate 25 has, e.g.,

a rectangul ar thd@es31A6heAt8r CBR} I &hd pehidt on fatt heddatfiane opposite to
the outer surface of the insulating film24, or of the |ower surface. A
peri pheral por preveaténgdfile 23 iecfosned @i thie tiliatd osflest sardals is
adhered (bonded)
or upper surface of the insulating film 24.
In this arrangement, the thin-film heater 22 is
formed into a zigzagged shape corresponding to a flow
10 path 12, as in the second embodiment described above.
FIG. 7 shows an arrangement in which the width of the
thin-film heater 22 is made smaller than that of the
flow path 12, but the present invention is not limited
to this arrangement.
15 .Since the thin-film heater 22 is formed outside
the zigzagged flow path 12, the width of the thin-film
heater 22 may be made substantially equal to that of
the flow path 12, or the thin-film heater 22 may be
made wider than the flow path 12. Furthermore, the
20 thin-film heater 22 may be formed into a rectangular
shape covering the whole flow path 12, as in the first
embodiment shown in FIG. 1.
In this fourth embodiment, the heat radiation
preventing film 23 is formed on the outer surface or
25 upper surface of the insulating f£film 24. This heat

radiation preventing film 23 prevents radiation of heat

from the thin-film heater 22 to the outside, and



to-the outer surface of the insulating film24. This third substqqtg ﬁaﬁts
made of glass or alum num The heat radiation preventing film23is 90 d
on the entire outer surfaces (side surfaces and upper surface) 20 of the
third substYQPHH0 | 1 this arrangenent, the third substr RE/IR9303364 t her
protects a thin-filmheater 22. Also, in addition to suppression of the
thermal energy loss by the heat radiation preventing film 23, heat
diffusion 25 fromthe thin-filmheater 22¢%s further suppressed by the
heat insulating function of the recess 26, so the heating efficiency can
be further increased. For, this 17.JUN 2005 03/ 082460 PCT/JP03/03364 25
pur pose, a gas QﬁRﬁF%ﬁ?eﬁh?rhh%Eﬁﬁ}i 88885¥%€'acid gas having thernal
conductivity lo h that of .the third substrate 25 nay be sealed in

t he recess 26 orf{¥¢&fﬁ#ﬁ?é}%ﬁﬂ5 trate 25, closed by the insulating film 5

thereby Inproving fheygeas iﬂ:&;'s%tcit%na&rfvg%esgngﬁmiﬂ@et@gge! sulading

performance may al so be furt I nproved etfting a su ant’i’alTy vacuum

state in the regessi £6 AnddBnlehitl @ FSHDShERL 8a25re eI &h 4410088 26 is
vacuunmed, the lower the 10 pressure in the recess 26 is, thé higher the

insulating effledemyordingracttheapbrgsehtr iexanpien. the pressure in the
recess 26 may be set to about 100 Pa, or set to a value |ower than about
100 Pa, and preferabllye £efth enbaddmentOddffess feomt tha amfaregdmendr t han

about 10 Pa, 15 so that the power applied to the thin-film heater 22
of the fourth embodiment in that the formation position

of a heat radiation preventing film 23 1s changed, and
a rectangular, plate-like third substrate 25 is adhered
10 (bonded) to the outer surface of an insulating film 24.
This third substrate 25 has, e.g., a rectangular
recess 26 in a central portion of the surface opposite
to the outer surface of the insulating film 24, or of
the lower surface. A peripheral portion around the
15 recess 26 of the third substrate 25 is adhered (bonded)
to the outer surface of the insulating film 24. This
third substrate 25 is made of glass or aluminum. The
heat radiation preventing film 23 is formed on the
entire outer surfaces (side surfaces and upper surface)
20 of the third substrate 25.
In this arrangement, the third substrate 25
further protects a thin-film heater 22. Also, in
.addition to suppression of the thermal energy loss by
the heat radiation preventing film 23, heat diffusion
25 from the thin-film heater 22 is further suppressed by
the heat insulating function of the recess 26, so the

heating efficiency can be further increased. For this



may be decreased. (Sixth Enbodinent) FIG 9 is a sectional Vie“"ﬁ?*UUNagBSO
FIG 2, as the sixth enbodi nent of a chem cal reaction apparatus 20 1
according to the Present i nvention. This sixth enbodinment differs fromthe

first enbdHP PRS2

68hown in FIG 2 in that a thin-film heatRTIESH03364

or ned

on the outer surface or lower surface of a first substrate 11, and an
insulating film24 is formed 25 on that quter surface of the first
substrate 11, which covers the thin-fil @ eater 22, t hereby form ng
insulating filmsurface including the thin-filmheater 1 7 JUN 2005
03/ 082460 PCT/JP03/ 03364 26 22 on the,out;gqsurface of the first sub

11, and that ®VYEERECSradi §8FofvERed®ntihy

surface or lo

as in the seco
formed into a
shows an arran

2 GeRoR phere AET ST 8% AESo
t ' i ' 24. | [
930 dRERe L HOREPTbLR BTN TR (AT A HPRoat or

e R R R o R Ay

a flat
WO
strate
ut er
ement ,
22 is
9
s nmade

narrower than that tgfi Aiheub8rbhew P8} NeldsedWy thee PARANE iV @3lkon §s not
limted to this arrangenent. Since the thin-filmheater 22 i's forned

outsi de tdhe zi grraeey fikpwopahh tRe hég£t Wkl Dfindg Wexr fdyunanidel.m heat er 22
may be made substantially equal to that of the flow path 12, or the
thin-film 15 IThat &ea2? imsplbtingdpenfdenandmmanefdobwepdivrther

10

15

20

25

improved by setting a substantially vacuum state in
the recess 26 of the third substrate 25.

Where the recess 26 is vacuumed, the lower the
pressure in the recess 26 is, the higher the insulating
efficiency is. Practically, for example, the pressure
in the recess 26 may be set to about 100 Pa, or set to
a value lower than about 100 Pa, and preferably, set to
about 10Pa, or set to a value lower than about 10 Pa,
so that the power applied to the thin-film heater 22
may be decreased.

(Sixth Embodiment)

FIG. 9 is a sectional view, similar to FIG. 2, as
the sixth embodiment of a chemical reaction apparatus
100 according to the present invention.

This sixth embodiment differs from the first
embodiment shown in FIG. 2 in that a thin-film heater
22 is formed on the outer surface or lower surface of a
first substrate 11, and an insulating f£ilm 24 is formed
on that outer surface of the first substrate 11, which
covers the thin-film heater 22, thereby forming a flat

insulating film surface including the thin-film heater



Furthernore, as in the first enbodinent shown in FIG 1, the tHh n-JuNl 2005
heater 22 may be fornmed into a rectangular shape which covers the whole
flow path 12. In this sixth enbodi nent, the heat radiation 20 preventing
fitm16 i s WOPHEASn the outer surface of the insul ati ng ¥¢THRO¥EI64he heat
radi ation preventing film 16 prevents radiation of heat fromthe thin-film
heater 22 to the outside, and protects the thin-film heater 22. 25
(Seventh Enmbodinent) FIG 10 is a sectiof® view, sinmilar to FIG 4, as

t he seventh enbodi nent of a chem cal reaction apparatus 1 7 JUN 2005 WO

03/ 082460 PCT/JP03/0§36 27 100 a cording:to he preiﬁnt invention. In this
sevent h embodi f#nP? &REhPRECEUPEFTAER 25 the SYPsEIREEdY 1y 0285 | at

f i | ati fil i ddi t.i .t h f
Che sixth enbodfiine EROAnerALRF o bravrl iy g Ball e Eo3ERRngRa T ecoss
26 in a centrahboutionsafeLbe SUr{AGS: ANRSRIE di0 e sQutL iy face of

the insul ating peri phera portion of the third substrate 25 is
adhered (bonded) 130240 the outer surface of the insulating film24. The
third substrate 25 is made of glass or alumnum A heat radiation
preventirgg film 16 I3 frthisedreantbrendut £ Hurflec esaforidherbaiditheniitbst r at e

25. In this arrangenent, |ike the arrangenent shown in

described earlier, the thin-film heater 22 is formed
into a zigzagged shape corresponding to a flow path 12.
FIG. 9 shows an arrangement in which the width of the
thin-film heater 22 is made narrower than that of the

10 flow path 12, but the present invention is not limited
to this arrangement. Since the thin-film heater 22 is
formed outside the zigzagged flow path 12, the width of
this thin-film heater 22 may be made substantially
equal to that of the flow path 12, or the thin-film

15 heater 22 may be made wider than the flow path 12;
Furthermore, as in the first embodiment shown in
FIG. 1, the thin-film heater 22 may be formed into a
rectangular shape which covers the whole flow path 12.

In this sixth embodiment, the heat radiation

20 preventing film 16 is formed on the outer surface of
the insulating film 24. The heat radiation preventing
film 16 prevents radiation of heat from the thin-film
heater 22 to the outside, and protects the thin-film
heater 22.

25 (Seventh Embodiment)

FIG. 10 is a sectional view, similar to FIG. 4, as

the seventh embodiment of a chemical reaction apparatus



15-FIG 8, the third substrate 25 further protects a thin-filn1r§a5®%2&ﬁ,
and also, in addition to suppression of the thermal energy |oss'by

heat radiation preventing film 16, heat diffusion fromthe thin-film
heater 22 MWOPI82468r suppressed by the heat 20 insul ati ng RCHEO3BH6HT t he
recess 26, so the heating efficiency can be further increased. For this
purpose, a gas such as air, freon, or carbonic acid gas having thernal
conductivity lower than that of the third7 substrate 25 may be sealed in
the recess 26 of the 25 third substrate 25, thereby inproving the heat
insul ating performance. The heat insulating performance may al so be
further inprovi@0pyceerding o ThruRLESES tWONYSPE82R60 PCT/ JP03/ 03364 28 a

substantially vacuumstate in the recess 26 . of the, thir ubstrate 25. In
each of the first tanEQ%ﬁt?F¥ﬁﬂ£hﬁ?ﬁ§ﬂ@§mQﬂ$§cPiEgdrgbay ?%Bﬁget%$n-filrn
heater 22 is forned. 5 Ve the nr t i nt.i i t . limted to

t hese enbodinﬁﬁt§&h%ﬁﬂ5?n§ng%%8dﬂﬁb%tgaﬁgyogﬁ§% %ggegggrggr?%lely

conbi ned. For : i i . Sa 22 e the two sides
of the flow pa?ﬁgqg%&?é Q#?I%ni{nhlre}?%ftls?ﬁlr ftgggh%f a%ﬁé“???%?t sﬁ%st rate and

10 on thg | ovegher s YRPET et d Bh 10fsHdMa Secand.sehstrate. Wen the two
thin-filmheaters 22 are thus fornmed to sandwi ch the flow path 12 between

them the interior Ohistbeifdosulpstietle Tqrhdse shemtoed st @6aihi gher
tenperature '
central portion of the surface opposite to the outer
surface of the insulating film 24. A peripheral
portion of the third substrate 25 is adhered (bonded)
10 to the outer surface of the insulating film 24.
The third substrate 25 is made of glass or aluminum.
A heat radiation preventing film 16 is formed on the
outer surface of the third substrate 25.
In this arrangement, like the arrangement shown in
15 FIG. 8, the third substrate 25 further protects a
thin-film heater 22, and also, in addition to
suppression of the thermal energy loss by the heat
radiation preventing film 16, heat diffusion from the
thin-film heater 22 is further suppressed by the heat
20 insulating function of the recess 26, so the heating
efficiency can be further increased. For this purpose,
a gas such as air, freon, or carbonic acid gas having
thermal conductivity lower than that of the third
substrate 25 may be sealed in the recess 26 of the
25 third substrate 25, thereby improving the heat

insulating performance. The heat insulating

performance may also be further improved by setting



by- heat generated by these heaters. Therefore, this 15 arrangenent1bs N
suited to a case in which a chemcal reaction in the flow path 12‘reaﬂ|?g§
a higher tenperature. (Ei ghth Enbodinment) FIG 11 is a sectional view,
sitilar toVQ®/08260,5 50 the eighth embodi ment of a cheni RGHITRIFEBE4 on
apparatus 100 according to the present invention. A heating elenment of the
present invention need only be capable of heating a flow path 12 to a
predet erm ned tenperature, thereby suppl??ng a 25 predeterm ned thernal
energy to a reaction catalyst layer 15 in the flow path 12 or to a fluid
flowwng in the flow path 12. In the first to ,seventh enpadi ts, 1 7 JUN
2005 WD 03/ 082a68ubseap YLl IFsiwy state 47f thf KESLEF | agg @s this

heati ng el enent, . I nstead of ing this thin-filmheater as the heating
el enent, it is%§F§6 5%%%?%@29t$§Use, e.g., thermal energy generated by a

combustion react | on ySLOG, 3P COIPHPILONFUR ot |M¥BlimbLN s el ghth

enbodi nent, a conbuSti on ca ys ayer 1s used as the heating el enent.

Simlar to eache.gbribhEdaboyee et (MM -S£1 1D BeatRRanat 4§ $BemBdin FIG 11
includes a first substrate 10 11 having a zigzagged flow path 12 fornmed in

its one surfacgowaveesotifle Spsddret eirderadlver €¢ (anded)ited tbi sheserface of
the first substrate 11. to function as a |id,

embodiments, and the embodiments may also be
appropriately combined. For example, thin-film heatgrs
22 may be formed on the two sides of the flow path 12,
i.e., on the lower surface of the first substrate and

10 on the lower or upper surface of the second substrate.
When the two thin-film heaters 22 are thus formed to
sandwich the flow path 12 between them, the interior of
the flow path 12 can be heated to a higher temperature
by heat generated by these heaters. Therefore, this

15 arrangement is suited to a case in which a chemical
reaction in the flow path 12 requires a higher
temperature.
(Eighth Embodiment)

FIG. 11 is a sectional view, similar to FIG. 2, as

20 the eighth embodiment of a chemical reaction apparatus

100 according to the present invention.
A heating element of the present inveﬁtion need

only be capable of heating a flow path 12 to a
predetermined temperature, thereby supplying a

25 predetermined thermal energy to a reaction catalyst
layer 15 in the flow path 12 or to a fluid flowing in

the flow path 12. In the first to seventh embodiments,



and a conbustion substrate 50 provided on the second substrate 214 74y 4 5
conbustion flow path 51 is fornmed in 15 the conbustion substrate 50, and‘y
conbustion catalyst layer 52 is forned on at |east a portion of the inner
wal | surf ad¥0¥82468i s conbustion flow path 51. The combustREHWPOHOIFY st

| ayer 52 is made of, e.g., Pt. Au, or Ag. 20 In this eighth enbodinent,
when a conbustion fluid of a conmbustion gas, for exanple, hydrogen, and
oxygen taken fromthe atnmosphere is suppPied into the combustion path 51
through an inlet port 53 as indicated by an arrow, this supplied
conbustion fluid 25 conbusts by a conbustion reaction on the conbustion
catal yst |ayer asghiangitndremtierie gipas agetdist Bgabingt aiemeBhbusti on. The

conbusted gas is discharged, to 1 7 JUN 20Q 03/ 082460, PCT/ JP03/ 03364 30
t he atnnsphereIPFEﬁ?énOBu??¥Rgp£h%s ,1Qi§£;ﬁﬁ%?a§ﬁraﬁs g??ga%aHﬁﬁ%
apparatus has a.structure in ich the,.therml energy g d by this
conbustion is E&SBFPgd 1?01%.?é%%ﬁrgﬁﬁ%§f5ﬁ§gﬁsFéy§f815 ?ﬁg%ﬁ%ff|OWIpath

12. 5 1In this %%F?ﬁgeg?ﬁ%¥3§§%gﬁf§§QQ¥§$“§HT%DQQ%‘%tigﬂbggiﬁen5S’ a heat

radi ati on prev rmed on the outer surfaces (upper
surface gnd sidgmpidrissesatfiydtherppavbustion substrate 50. This makes it

possi bl e to suppress radiation of heat fromthe 10 outer surfaces of the
conmbusti on substrat @nS5@hisuppgkesls emtbrdinearivala enebyptlioss catatlyshcer ease
the energy utilization. ,
layer is used as the heating element.
Similar to each of the above embodiments, the
apparatus shown in FIG. 11 includes a first substrate

10 11 having a zigzagged flow path 12 formed in its one
surface, a second substrate 21 adhered (bonded) to this
surface of the first substrate 11 to function as a 1lid,
and a combustion substrate 50 provided on the second
substrate 21. A combustion flow path 51 is formed in

15 the combustion substrate 50, and a combustion catalyst
layer 52 is formed on at least a portion of the inner
wall surfaces of this combustion flow path 51.

The combustion catalyst layer 52 is made of, e.g., Pt,
Au, or Ag. '

20 In this eighth embodiment, when a combustion fluid
of a combustion gas, for example, hydrogen, and oxygen
taken from the atmosphere is supplied into the
combustion path 51 through an inlet port 53 as
indicated by an arrow, this supplied combustion fluid

25 combusts by a combustion reaction on the combustion

catalyst layer 52, and thermal energy is generated by

this combustion. The combusted gas is discharged to



<Power Supply Systen> An arrangenent in which the chem cal reactﬁop\&@
apparatus according to the present invention is applied to a power sup%P@
systen1usi§@ka fuel reformng type fuel cell will be described below FIG
12is a bl 03/18%§P am showi ng an outline of the arrangemeRET/H0I/B336bwer
supply system 30 using a 20 fuel cell. This power supply system 30
conprises a fuel unit 31, fuel vaporizergvaporizing unit) 32, reformng
unit 33, water shift reaction unit 34, ®l ective oxidation reaction unit
35, power generator 36, and charger 37. O these units, the chem cal 25
reacti on apparatus 100 having the arrangenent of any enbodi nent descri bed
above can be appei aimpsphpasef GEPm ampyHh pprt Sdiodsi §§OURI 1330 wat er
shift reaction 1 7 JUN 2005 WO 03/ 082460 PCT/JPQ%&?336 4 31 upjt 34, and
sel ective oxi d&EFEH - r eZBEFoAPRATE WS Rasnf FUMCTTS ¥§1WPﬁ8Pugh§ a fuel

k i whi ch i ) , . i .
Parsor oo PREEhaSPaREaLL Beh e il il AUIBALIRA) US| RloBLs el NaNO!
generation fueltg &Bsgfﬁgﬁh cxeglfgé@eiay?@r 16 Usle ARG bagh 33, vaporizes

t he power generation supp d fromthe fuel unit 31, Wien the
chem cal g eaction appALALYs aE9anbaNent, Lde 0 Slamangeraiy apbvany enbodi nent

descri bed above is applied to this fuel vaporizer 32, no reaction catalyst

embodiments, a heat radiation preventing film 23 can be
formed on the outer surfaces (upper surface and side
surfaces) of the combustion substrate 50. This makes
it possible to suppress radiation of heat from the

10 outer surfaces of the combustion substrate 50, suppress
the thermal energy loss, and increase the energy
utilization.
<Power Supply System>

An arrangement in which the chemical reaction

15 apparatus according to the present invention is applied
to a power supply system using a fuel reforming type
fuel cell will be described below.

FIG. 12 is a block diagram showing an outline of

the arrangement of a power supply system 30 using a

20 fuel cell. This power supply system 30 comprises a
fuel unit 31, fuel vaporizer(wvaporizing unit) 32,
reforming unit 33, water shift reaction unit 34,
selective oxidation reaction unit 35, power generator
36, and charger 37. Of these unité, the chemical

25 reaction apparatus 100 having the arrangement of any
embodiment described above can be applied to the fuel

vaporizer 32, reforming unit 33, water shift reaction



|l ayer 15 is fornmed in the flow path 12. Al so, a glass substrate1otr JUN 2005
alrninunlsgbstrate may be used as the first substrate 11 instead of a
silicon substrate. 15 \Wen the power generation fuel is supplied fromthe
fuel unit 3%0P¥4834Phe f1ow path 12 of ?he fuel vaporizer %hmﬁ@%@ﬁ t he
inlet port 13, this power generation fuel is vaporized as it is heated to
a predeterm ned tenperature, e.g., about 120Cin the 20 flow path 12 by
the thin-filmheater 22. The vaporized pbwer generation fuel gas is

di scharged fromthe outlet port 14 and supplied to the reform ng unit 33.

The reform ng unit 33 produces hydrogen by reformng the power generation
fuel gas suppl FBHtf3bmand sHeqtide wiidatier 322ctiheR WR&L cFreni cal

reaction apparatus 100 havjng the arrangenment qQf any_enbodi nent., descri bed
above i s applied tolbhiEus f‘g‘?%ﬁrﬁgl amqrf%’fs 2 %%%Niéﬁﬁgglw‘aé%sz%o PCT/
JP03/ 03364 32 a _reaction cataly | ayer 15_fo ! i royided in
the flow path 23"t ??ﬁ????%ﬁlgﬁ%%’r§?§uil?BThghggggg%?gﬁtg%ﬁaﬁgst | ayer 15
is made of a rgferghog (GRIGH Y VICN ASeRedZNSnd0k AL203puds, theafirst 5
substrate 11, a g?ass sggg%rate &§§ alsoebeeuéed insteadgg?ﬁg silicon
substrat e. We%ﬁ@i@@%e SR ajdridraftien gasl(€ogtheapualueous sol ution

of met hanol : OH + HO is supplied fromthe fuel wvaporizer 32 into
the flow path %¥3potitée 3Zforming 10 unit 33 through the inlet port 13,
this power
The fuel vaporizer 32 vaporizes the power
generation fuel supplied from the fuel unit 31, When
the chemical reaction apparatus 100 having the

10 arrangement of any embodiment described above is
applied to this fuel vaporizer 32, no reaction catalyst
layer 15 is formed in the flow path 12. Also, a glass
substrate or aluminum substrate may be used as the
first substrate 11 instead of a silicon substrate.

15 When the power generation fuel is supplied from the
fuel unit 31 into the flow path 12 of the fuel
vaporizer 32 through the inlet port 13, this power
generation fuel is vaporized as it is heated to a
predetermined temperature, e.g., about 120°C in the

20 flow path 12 by the tﬁin—film heater 22. The vaporized
power generation fuel gas is discharged from the outlet
port 14 and supplied to the reforming unit 33.

The reforming unit 33 produces hydrogen by
reforming the power generation fuel gas supplied from

25 the fuel vaporizer 32. When the chemical reaction

apparatus 100 having the arrangement of any embodiment

described above is applied to this reforming unit 33,



generation fuel gas is heated to a predeterm ned tenperature, etg.JUNa%yt
280C in the flow path 12 by the thin-filmheater 22. This induces an
endotherm ¢ reaction as indicated by 15 CH3OH + H20 -4 3H2 + C02 . . (1)
and produc O fY24en and carbon dioxide as a byproduct. BGI/R9#03364 ¢ al
stages of this reaction, water (H20) on the left side of formula (1)
above may be water contained in the fuel in the fuel unit 31. 20 It is

al so possible to collect water produced 3then the power generator 36 to be
described | ater generates electric power, and supply this water to the
reformng unit 33. The supply source of water (H20), on the left side of
fornula (1) irettragtdisy makglysit 1939%§5b§°¥h€e§%r‘§7’d’ﬁ%rlsgé’r¥é’rvdid&d 36

al one, both the power_generator .36 d fuel unit 31, or.the fuel unit 31
al one. During 1% Hd' QY (Pi‘?,%]c&?b% %Eﬁo%?ﬁ@ti TUREWET | e 'pr(;lr&lt?ced, 1 7 JUN
2005 WD 03/ 082460 PCT/ JPQ3/ 033 beit_Lp.a. sli @HE , in the

ref orm ng unitr%ﬁFEﬁPni9?2518ﬁ§n?§5§§rggc?%oﬁgg%rﬂgl%gﬁ%f|ca#g% by 2CH30H +

H2O -4 SH2 + C&E“a]%)sztf su&f)asTlé’%,p"Zﬁél)CE§ Ah%@g?g%saﬂ@ecﬁh@ﬂ di oxi de) on

the 5 right side ornmul a (2) above and tfie"slight anmount of carbon
nonoxi des ar e digcharped 110 haseusubbtpatt md¢ 8lsothe wsddrm ng unit 33,

O the products discharged fromthe outlet port 14 of the reformng wunit
33, the vapori zgsk dydirefyen sind coar babstoatri. deWhee the power

generation fuel gas {e.g., an aqueous solution of

methanol: CH3O0H + HpO) is supplied from the fuel

vaporizer 32 into the flow path 12 of the reforming

10 unit 33 through the inlet port 13, this power
generation fuel gas is heated to a predetermined
temperature, e.g., about 280°C in the flow path 12 by
the thin-film heater 22. This induces an endothermic
reaction as indicated by

15 CH30H + Hp0 — 3Hp + COg e (1)
and produces hydrogen and carbon dioxide as a
byproduct. In the initial stages of this reaction,
water (H»0) on the left side of formula (1) above may
be water contained in the fuel in the fuel unit 31.

20 It is also possible to collect water produced when the
power generator 36 to be described later generates
electric power, and supply this water to the reforming
unit 33. The supply source of water (Hp0) on the left
side of formula (1) in the reforming unit 33 may be the

25 power generator 36 alone, both the power generator 36
and fuel unit 31, or the fuel unit 31 alone. During

the reaction, carbon monoxide is sometimes produced,



10- supplied to the water shift reaction unit 34 and sel ective oxi tlgn
reaction unit 35 in this order. The carbon dioxide is separated gJUN 2005
di scharged _to the atnosphere. The water shift reaction unit 34 and

sel ective WM&OUB2H4ti on reaction unit 35 forma carbon nonRIERE30I6HDVI ng
unit 38 which renoves carbon nonoxi de produced by the reformng unit 33.
When the chem cal reaction apparatus 100 having the arrangenent of any
enbodi nent descri bed above is applied té3this water shift reaction 20 unit
34, a reaction catalyst layer 15 for renoving carbon nonoxide is provided
in the flow path 12 of the first substrate 11. This reaction catal yst
layer 15 is nadeedt inselekivhe FQWHLi o dhearpdoradey ¥8ipt 38rasa1203.

As the first substraﬁe 11,la %Iass s%pstr te,or,,25 the,li ke may al so be
used instead ofPa®sFRFBLR2L SERRETHR™R. qiﬁ?dﬁ%@&@%z?& hydr ogen and
carbon nonoxide ar uppl ied_fromdhe reform unit 33 ipto | 7 JUN 2005
VO 03/ 082460 PCT/JPg§?§§§6+4H§§ e Sw%fp?af’ nB8 of the el shifi

reaction unit 34 tbheugboabetisnl(ﬁwp&één lha thes%ny BHieRd Bydeagen and
carbon nonoxi de are heated to a predeterm ned tenperature, e.g., about

180C by he thifght!| si&ehgat esrmzla Cansemedry land ahet 3a ilghedr egeantcar bon
nonoxi de, and water supplied into the flow path 12, the carbon nonoxi de
and wat er causefacaaben mbnbdxkide eand | disakatyddhe roat dhesoutdepr pdute
hydr ogen and
14 of the reforming unit 33. Of the products
discharged from the outlet port 14 of the feforming
unit 33, the vaporized hydrogen and carbon monoxide are
10 supplied to the water shift reaction unit 34 and
selective oxidation react%on unit 35 in this order.
The carbon dioxide is separated and discharged to the
atmosphere.
The water shift reaction unit 34 and selective
15 oxidation reaction unit 35 form a carbon monoxide
removing unit 38 which removes carbon monoxide produced
by the reforming unit 33. When the chemical reaction
apparatus 100 having the arrangement of any embodiment
described abéve is applied to this water shift reaction
20 unit 34, a reaction catalyst layer 15 for removing
carbon monoxide is provided in the flow path 12 of the
first substrate 11. This reaction catalyst layer 15 is
made of a selective oxidation catalyst such as Pt or
Alp03. As the first substrate 11, a glass substrate or
25 the like may also be used instead of a silicon

substrate. When the vaporized hydrogen and carbon

monoxide are supplied from the reforming unit 33 into



carbon di oxi de as a byproduct as indicated by 10 CO + H2O -p H2 T co2 .

(3) Inthe initial stages of this reaction, water (H20) on the |Jf9U§i28Q5
of fornulavéfégabove may be water contained in the fuel in the fuel unit
31. It is 983408si bl e to collect water produced when tHRETHBRRP33GH
generator 36 generates electric power, and supply this water to the water
shift reaction unit 34. The supply source of water (H20) on the left side
of formula (3) in the water shift react 6n unit 34 may be the power
generator 36 al one, both the power generator 36 and 20 fuel unit 31, or the
fuel unit 31 al one. The sel ective oxidation rea%fion unit 35 perforns a

heat treatnment ther fipe Bakh i %1QfF dhqipRtedd shidin £ReCthaRelthi $¢ reaction
g5 mixiute 55tBEHEPh el  ATT Uk Ao, dabPr SRetnfPasaEeE aad (1 S
gas mxture 25 e r 's i r i n “~1h

S oot St ; . t . o 4
by o cat ol yot . Baraop iaEkx e (e HRCGLEE S BRBAREESEHER T 003 103964 35
sel ect od car bop oBBEKLUEs | N 9y OMAAE WIICORYUERe  BkeaL £ {rom ¢ he

ng
at nosphere, thereby rellably removi ng the carbon nonoxi de by producing
carbon deoxi denbytarcheln cebnsEQaénioly,| i adlecthydyogefD tafhbR) 02 --" C02

(4) The fluid finally reaching the outlet port 14 of the selective
oxi dati on reactoopnxiidet 83dmestéy swmpisiest singo frher §gew matihcdZbon di oxi de.
the carbon monoxide and water cause a water shift
reaction with the catalyst to produce hydrogen and
carbon dioxide as a byproduct as indicated by
10 CO + Hp0 — Hp + COy o (3)
In the initial stages of this reaction, water
(Hp0) on the left side of formula (3) above may be
water contained in the fuel in the fuel unit 31. It is
also possible to collect water produced when the power
15 generator 36 generates electric power, and supply this
water to the water shift reaction unit 34. The supply
source of water (H0) on the left side of formula (3)
in the water shift reaction unit 34 may be the power
generator 36 alone, both the power generator 36 and
20 fuel unit 31, or the fuel unit 31 alone.
The selective oxidation reaction unit 35 performs
a heat treatment for the gas mixture supplied from the
water shift reaction unit 34. If a very slight amount
of carbon monoxide is contained in this gas mixture
25 supplied from the water shift reaction unit 34, the
selective oxidation reaction unit 35 selects the

residual carbon monoxide by a catalyst, and brings the



The products after the series of reactions 10 descri bed above are1 Ryﬁ’r“o%
and carbon dioxide. O these products, the carbon dioxide is separated
from the hydrogen and di scharged to the atnosphere. Accordingly, only the
hydrogen | YEMHBRI%A from the selective oxidation reacti oRCTHHOBOMG4t o t he
power 15 generator 36. FIG 13 shows an outline of the arrangenent of a
solid polyner electrolyte fuel cell applied to the power generator 36. The
power generator 36 has a cat hode 41 whi ch3?s a carbon el ectrode to which
20 a catalyst such as Pt or Cis adhered, an anode 42 which is a carbon

el ectrode to whic catalyst such gs Pt, Ru, .or Cis adhered, and an ion
conductive fil n?%ge&?f?&aﬂ%’?@dnﬁé‘%gﬁ {RECCSPRBRBE M1 B PRYERTe tekemnd
supplies el ectr} t arger._37 positioned 25 bet n the cathode
41 and anode 42#19%}?2&3@%5 %f#%e%%r’ngg‘egﬁﬁgi ﬁgi%ﬂgf%ﬁﬁ?i"él%m&%q—iydr ogen is
supplied into t 1% ) 3/ 082460

PCT/ JP03/ 03364 %ﬁdﬁggﬁxﬁé O{ee?n%?)%gag%?? 83 ?zgéﬁh%%%gﬁ%%lggen i.S

supplied to the;caidpideydreatS0On aAngPac€edbplys formed outside the anode
42. Oxygen taken fromthe atnosphere via a check valve is supplied into

this space 45, and 5CQ hi s(1o5d)gen sceypplied to the anode 43. On the side
of the cathode 41, hydragen ions (protons; H+) are generated by separating
el ectrons (e-) fromhsgdriogeh GHmeldow eeaching dhedeudlet hporighl 4 heef

the selective oxidation reaction unit 35 mostly
consists of hydrogen and carbon dioxide.

The products after the serles of reactions

10 described above are hydrogen and carbon dioxide. Of
these products, the carbon dioxide is separated from
the hydrogen and discharged to the atmosphere.
Accordingly, only the hydrogen is supplied from the
selective oxidation reaction unit 35 to the power

15 generator 36.

FIG. 13 shows an outline of the arrangement of a
solid polymer electrolyte fuel cell applied to the
power dgenerator 36. The power generator 36 has
a cathode 41 which is a carbon electrode to which

20 a catalyst such as Pt or C is adhered, an anode 42
which is a carbon electrode to which a catalyst such as
Pt, Ru, or C is adhered, and an ion conductive film 43
interposed between the cathode 41 and anode 42, and
supplies electric power to the charger 37 positioned

25 between the cathode 41 and anode 42.

A space 44 is formed outside the cathode 41.

Hydrogen is supplied into the space 44 from the carbon



ion conductive film43, and the electrons (e-) are 10 extracted1by‘w@e‘mﬁ
cat hode 41 and supplied to the charger 37, as indicated by 3H2'--= Fﬂ +
6e- . (4) On the side of the anode 42, the electrons (e-) supplied via the
charger 37WQH8488r ogen i ons (H+) 15 passing through the H%&gﬂm%ti ve
film43, and oxygen react with each other to produce water as a byproduct,
as indicated by 6H+ + (3/2) 02 +6e- 3H20 .. (5) The series of

el ectrochenical reactions 20 (formulas (3% and (5)) as described above
progress in an environnent at a relatively |ow tenperature from about
roomtenperature to about 80C, and the only byproduct except for electric
power is basicﬂPF?x%%@e¥¢m°W?ﬁ%‘%Hﬂé@apré&Gc@Hl§Sh¥d59ﬁ?%dh£t by the power

25 generator 36 is_¢collected. |f .at, |egst portion_of e, wat er oduced
by o SHPLEer S8 fie wppisedto MBS croPRArg b it Eptdd
dgscrfbggmﬁr79ggy 5305 VO O%&?Béﬁpo gg&@iﬁp%/%%§6§r %7?3&e|£ﬁ%§§ ard he
anmount of wat eP R ?aF?? g d 9N §% uef " Gni £ 73T can %e r Jﬁced, and
the amount of yapeg &fgicgevmé o adippan <3l 90tBetheduspdce The, edgstric

power thus generated he power 5°generator 36 iIs supplied to the
charger 37. Thenishaxggen3¥si Agdpldesi acp@her ahekdi ag.neans such as a

secondary battery or capacitor, and charges this
On the side of the cathode 41, hydrogen ions
(protons; HT) are generated by separating electrons
(e”) from hydrogen and move to the anode 42 through the
ion conductive film 43, and the electrons (e™) are

10 extracted by the cathode 41 and supplied to the charger

37, as indicated by
3H, — 6HY + 6e~ e (4)
Oon the side of the anode 42, the electrons (e™)
supplied via the charger 37, the hydrogen ions (HT)

15 passing through the lon conductive film 43, and oxygen
react with each other to produce water as a byproduct,
as indicated by

6HT + (3/2)09 +6e~ — 3H0 =+ (5)
The series of electrochemical reactions

20 (formulas (4) and (5)) as described above progress in
an environment at a relatively low temperature from
about room temperature to about 80°C, and the only
byproduct except for electric power is basically water.
This water produced as a byproduct by the power

25 generator 36 is collected. If at least a portion of
the water produced by the power generator 36 is

supplied to the reforming unit 33 as described



secondary battery or capacitor with the electric power supplied fromthe
power generator 36, thereby 10 tenporarily holding the supplied ﬂbdﬂmlmﬁn
addition, _the charger 37 supplies the held electric power to an gpparatus
which is dWQEWSAF0t hi s power supply system Fuel applied RGIEPOIOR3F
reformng type fuel cell currently being researched and devel oped is
liquid 15 fuel, liquefied fuel, or gas fuel containing at |least a hydrogen
el ement. This fuel need only be fuel wi th’ which the power generator 36 can
generate electric energy at a relatively high energy conversion

efficiency. In addition to nethanol described, above 20 it izﬁfo sible to
preferably usePEE¥bMLibadde [anpund ofusptenchnatial hunsealed éﬁkﬂ ,

l'i quid fuel h di hyl et her, |j : I G) whi ch

5™ Vapor zed EET ouH & chpdiaR tee LA R0 SBHeF TS BROSREy & Rt of

hydr ocar bon, o%%g%%l{g%efuccaql %ﬁgy%reog%ﬁuﬁgg.gas. FIG 14 is a schematic
t S

Vi ew show ng Inpar of "a practical "arrangenent when a power supply

system 1 7 JUN 20054 03 082450 B 03 Q336%acdd U3l pileapbivet col| 10

whi ch the chem cal reaction apparatus according to t present invention

is appligd isgiRerBebaS3®Nes MPBHeedte thé shawgereBRlY Bie exanpl e of an
application of "the chem cal reaction 5 apparatus according to the present

i nvention, andchenger ¥Demncailoidds rd tpdwesr hodpéngf mehssi suehtasmat all. In
FIG 14, a power supply system 30A includes a ,

secondary battery or capacitor, and charges this
secondary battery or capacitor with the electric power
supplied from the power generator 36, thereby

10 temporarily holding the supplied power. In addition,
the charger 37 supplies the held electric power to an
apparatus which is driven by this power supply system.

Fuel applied to a fuel reforming type fuel cell

currently being researched and developed is liquid

15' fuel, liquefied fuel, or gas fuel containing at least a
hydrogen element. This fuel need only be fuel with
which the power generator 36 can generate electric
energy at a relatively high energy conversion
efficiency. In addition to methanol described above,

20 it is possible to preferably use alcohol-based liquid
fuel such as ethanol or butanol, liquid fuel such as
dimethylether, isobutane, or natural gas (CNG) which is
vaporized at room temperature and atmospheric pressure
and made of hydrocarben, or gas fuel such as hydrogen

25 gas.

FIG. 14 is a schematic view showing the main parts

of a practical arrangement when a power supply system



fuel reformng type fuel cell and the conponents indicated by thﬁTbh@ig&.
shown in FIG 12. The sane 10 reference nunbers as in FIG 12 denOte 5

sane parts in FIG 14, and an explanation thereof will be omtted or
simplifiedWOS/SKEIn in FIG 14, the power supply system REAIPRFEI64L g a
col umar outer shape equivalent to a 15 general -purpose chemcal cell. It

can be understood that the outer shape is not limted to this one, and
anot her appropriate shape can be used in38ccordance with the use,
capacity, and the like. As shown in FIG 14, the power supply system 30A
20 according to this practical_ arrangement roughly divided into a power
gener ating uni #5209 anfueliefekhipi? ywhirfh Yoo chemdcpdefredGsaPY unit 300
corresponds to the uel unit 31 sho in FIG 12, and.includes a,f yel
vessel of fuel SBRER2516, 26SREHRY T (R RF AN A SPhéoBs 1FuapPltedel 310

i s detachably ﬁ%ggggﬁgghgsfgﬁg &gﬁg&e(rugIéﬂgwpggﬁsggﬁ%gﬁé i ke. The fuel

pack 310 is fi POWET "gener ati on a fuel supply

VO 03/ 082460 39n1¢fahtMe2085,n Péagléli]c?@@i&?%ﬁﬂ £l WReRd@afiOkcREEYEALI NG

| eak of the power generation fuel 330 in a portion connected to the hol der
unit 3205 Wienabphsatugl apeskd 3 t6 wonnadsdht dnveatiehdeandunehcd20, a
fuel delivery pipe 350 provided to in the 5 holder unit 320 pushes the fuel
supply val ve 340esdanhwatd]t atide t sreopovef Dendmatandriohualt 33Q.is

In FIG. 14, a power supply system 30A includes a
fuel reforming type fuel cell and the components
indicated by the blocks shown in FIG. 12. The same

10 reference numbers as in FIG. 12 denote the same parts
in FIG. 14, and an explanation thereof will be omitted
or simplified.

As shown in FIG. 14, the power supply sSystem 30A
has, e.g., a columnar outer shape equivalent to a

15 general-purpose chemical cell. It can be understocod
that the outer shape is ‘not limited to this one, and
another appropriate shape can be used in accordance
with the use, capacity, and the like.

As shown in FIG. 14, the power supply system 30A

20 according to this practical arrangement roughly divided
into a power generating unit 200 and fuel supply
unit 300. The fuel supply unit 300 corresponds to the
fuel unit 31 shown in FIG. 12, and includes é fuel
vessel or fuel pack 310, a holder unit 320 to which the

25 fuel vessel 310 is detachably attached, a fuel pump
(not shown), and the like. The fuel pack 310 is filled

with power generation fuel 330, and has a fuel supply



delivered froma fuel supply pipe 360 to the power generating unit 200 via
the fuel delivery pipe 350 by the surface tension or the fuel pym. ﬁou&pe
power generating unit 200 includes conmponents corresponding to the P e%
vapori zer §@90¥@?ﬂWning unit 33, water shift reaction uniRCEP03/8BPective
oxi dation reaction unit 35, power generator 36, and charger 37 shown in
FIG 12. The chem cal reaction 15 apparatus 100 of any enbodi nent descri bed
above is applied to the fuel vaporizer 32 refornming unit 33, water shift
reaction unit 34, and selective oxidation reaction unit 35. In this
apparatus, a flow path having a depth and wi dth of 500 gmor less is
formed 20 usi ngal¥eg340t fernpEeveRleHihe ndnlf &t (Fhien§oWeEnABRBEFCL0R her eby

f i i \ i fi [y, h i FI.G 14
formng 2 m ot 93pcs. hire specl 4ol Ly, A, o L Q.G e heopover
R e N N At S e e

inside of a cylindrica ousi ng. vapori zer
32, reformng yni 158611 v & LA ION 38Y o3 aRd L8l gCthye
oxidation 1 7 ﬁaﬁE2§gvaé?gg%08§4667ﬁ%ﬁﬁ%ﬁ%ﬂ/0336)4 ib reaction unit 35 are
formed i a fuabivapouhier 32H0pashéoNcHd aftee 12 hpp18f @faTheg3yoi t formation

frame 220, water shift reaction unit formation frane 230, and selective
oxi dati on reactoenwartd, Batmaheopowenangerehfltifon eSpdct3dveliy, each of which

is formed in the interna
delivered from a fuel supply pipe 360 to the power
generating unit 200 via the fuel delivery pipe 350 by
the surface tension or the fuel pump.

10 The power generating unit 200 includes components
corresponding to the fuel vaporizer 32, reforming
unit 33, water shift reaction unit 34, selective
oxidation reaction unit 35, power generator 36, and
charger 37 shown in FIG. 12. The chemical reaction

15 apparatus 100 of any embodiment described above is
applied to the fuel vaporizer 32, reforming unit 33,
water shift reaction unit 34, and selective oxidation
reaction unit 35. In this apparatus, a flow path
having a depth and width of 500 um or less is formed

20 using, e.g., the micromachine manufacturing technology,
thereby forming a microspace. More specifically, as
shown 1in FIG. 14, the power generator 36 is extended
along the inner surface of a cylindrical inner wall
which is coaxially fixed with a predetermined spacing

25 to the inside of a cylindrical outer wall forming a
housing. The fuel vaporizer 32, reforming unit 33,

water shift reaction unit 34, and selective oxidation



space of the power generating unit 200. Each formation frane corf%ZpBHH§m5
to the support menber 40 shown in FIG 3, and each chem cal reaction
apparatus is forned in a corresponding formation frame with a

predet er m NEYO3HW24Bace bet ween them These formation franeRCHERII/ P64
separated from each other by partitions, or may also be fornmed as one
frame in which the fuel vaporizer 32, reformng unit 33, water shift
reaction unit 34, and selective oxi dati @9 reaction unit 35 are stacked.
The 15 heat insulating performance can be inproved by sealing, in the
space of each formation frame, a gas such as air, freon, or carbonic acid
gas havi ng the#ﬁﬁptlébnﬁﬁéFl%$t@r¢cﬁﬁﬁmQ¢uﬁ¥tQNQuQ% VAReIBREt i t uent menbers
of the formatiqgn fr he hegi insulatin nce be further

i nproved by seFPFH@géon beTan %1I§e €§¥ﬁ: spaé@ li ke the
arrangenent shgun Iwagua|5§%fgo £%£QBEU?4%§%$ﬁEO Q@agyagggg afkhG 14

shows only the indi vi orna I ames arger 37 is torned

into a m crochiga)Qetibe okiést%'ﬁ Pé@@@fbﬂ Nini& Formdtilcd] Fehneg2uey m nal
250 or another space in the power generating unit 200. WD 03/082460 41 1 7

JUN 20055 PCT/ %B@%éea%eﬂy;rh@a@nwef wiehek atd nbrwdd i20@hendhttdesnad
plurality of ventilation holes (slits) 260 for supplying external air
fromthe circuspecentifathsupbaee généietind umiitof20Q.he Beohe Logaadiani ng
unit 200 to the anode 42 (FIG 13)
frame corresponds to the support member 40 shown in
FIG. 3, and each chemical reaction apparatus is formed
in a corresponding formation frame with a predetermined
10 space between them. These formation frames may be
separated from each other by partitions, or may also be
formed as one frame in which the fuel vaporizer 32,
reforming unit 33, water shift reaction unit 34, and
selective oxidation reaction unit 35 are stacked. The
15 heat insulating performance can be improved by sealing,
in the space of each formation frame, a gas such as
air; freon, or carbonic acid gas having thermal
conductivity lower than that of the constituent members
of the formation frame. The heat insulating
20 performance may be further improved by setting a
substantially vacuum state in this space, like tlie
arrangement shown in FIG. 3. To avoid complexity of
the drawing, FIG. 14 shows only the individual
formation frames.
25 The charger 37 is formed into a microchip or the

like and placed in, e.g., a projecting terminal 250 or

another space in the power generating unit 200.



5 of the power generator 36, a separating/collecting unit 270 for

| i qguefying (condensating) byproducts (e.g., water) produced on1tpguﬂq&%p
42, thereb%ﬂgggarating and collecting the byproducts, a byproduct supply
path 280 0HB3#0yi ng a portion of the collected byprodREEIRF03BE4 t he
reformng unit 33 and water shift reaction unit 34, and an exhaust hole
290 which extends fromthe columm upper surface to the space 44 in the
power generator 36, and exhausts to the4butside a byproduct (e.g., carbon
di oxi de) which is produced in at |east the 15 cathode 41 of the power
generator 36, the reformng wunit 33, and the sel ective oxidation reaction
unit 35, and whi chThe BoWer egengraicing oinid 2Q0 dacéydepnat ReUFdWEEY suppl y
system havi ng the above arrangenent, the chem cal reaction apparatus 100
of the 20 pre8énVenhibatieom halemplSiddst o200 TPGeFUDR SF?Se?Xg%antforning
unit 33, water shift reaction unit 34, .and __sel ectiye, Qxi i action
unit 35. This PﬁErEﬁgﬂsgh?rﬁ%{ﬁﬁﬁé%ﬁﬁﬁﬁ&ﬁﬂoF”F% Eh&f i eeggigﬁﬁréﬁuired to
heat the flow,Rat Bo B8R0, QU £65 die. DOWCRIRART Shbld 40 it 209, In the
present invention as has”been expl ained above, a chem cal reaction

appar at ug i ncl ugi Rgelpdwd Ny 005, R 0%,082460 aPETA 35036083661 nd2us beat i ng
el enment for heating a flow path has a heat radiation preventing filmwhich

covers the out engpsbr sughefebn®f (ddmiahxticn)) bgaebdontappacrat us. This
heat

water) produced on the anode 42, thereby separating and
collecting the byproducts, a byproduct supply path 280
for supplying a portion of the collected byproducts to
10 the reforming unit 33 and water shift reaction unit 34,
and an exhaust hole 290 which extends from the column
upper surface to the space 44 in the power generator
36, and exhausts to the outside a byproduct (e.g.,
carbon dioxide) which is produced in at least the
15 cathode 41 of the power generator 36, the reforming
unit 33, and the selective oxidation reaction unit 35,
and which is a material not to be collected.
In the power supply system having the above
arrangement, the chemical reaction apparatus 100 of the
20 present invention is applied to the fuel vaporizer 32,
reforming unit 33, water shift reaction unit 34, and
selective oxidation reaction unit 35. This increases
the utilization of the thermal energy required to heat
the flow path, and downsizes the power generating
25 unit 200.
In the present invention as has been explained

above, a chemical reaction apparatus including



radi ati on preventing filmcan suppress radiation of 5 heat fron1t£e out er
surfaces of each substrate. Accordingly, it is possible to supﬁr JYN
thermal ener | oss when the heating elenment heats the interior of the
fIDM/path,V%%%%Wﬁ@Pease the energy utilization. Further norBSTHPRYS36heni cal
reaction apparatus is 10 well| applicable to a fuel vaporizer, reformng
unit, or carbon nonoxide renoving unit of a power supply system using a
fuel reformng type fuel cell. In this cd3e, the heat radiation preventing
filmsuppresses the loss of the thermal energy required for heating for
power 15 generation, and increases the energy utilization.

As a
consequence, thchepnrg seARMSNE EnTe eadANle 2d6hAYi PRED D3f 28R tenbodi nent ,
a means whi ch generates thermal, ener, by ,an el ectrigcal or, conbustion
reaction is uE%@l%Elq%ép¥ﬁ¥é%%kP%ﬂ€£¥ény%&th88¥8Fsfgﬁehgﬂﬁ?ﬁﬂfs 0 the flow
path to allow a_reaction.of. the internal 1.C | t wever,
it can be und%?gf%%%ﬁt%%th? s?@%éé% %83%&%?% ?%pgggtg%%tﬁg?ﬁgﬁggﬁgbfor

generating the ©ifly £1am RAYSIseBbrakschagisalopramci pl e, such
as eIectronagn%??%a€g§£a%€€g?n/\ | tiogal adia%?ggeg and nodifications wll

readily gccur £@athesemskid | @gkd dliEadiels oEheaehos@bstrdtd UN 2005 WO
03/ 082460 PCT/JP03/03364 43 the invention in its broader aspects is not

limted to thecepedifgTydetiaiis mrehitdp evestppiressehedthermal shown and
descri bed herein. Accordingly, various
energy loss when the heating element heats the interior
of the flow path, and increase the energy utilization.
Furthermore, this chemical reaction apparatus is
10 well applicable to a fuel vaporizer, reforming unit, or
carbon monoxide removing unit of a power supply system
using a fuel reforming type fuel cell. In this case,
the heat radiation preventing film suppresses the loss
of the thermal energy required for heating for power
15 generation, and increases the energy utilization. As a
consequence, the power supply system can be downsized.
In each embodiment, a means which generates
thermal energy by an electrical or combustion reaction
is used as the heating element or heater for heating
20 the flow path to allow a reaction of the internal
chemical medium to occur. However, it can be
understood that it is also possible to use another
means for generating thermal energy by, e.g., a
physical or chemical principle, such as electromagnetic
25 waves.
Additional advantages and modifications will

readily occur to those skilled in the art. Therefore,



nodi fications may be nmade w thout departing fromthe 5 spirit or scope of
the general inventive concept as defined by the appended clai ns ardJbh
equivalents. 1 7 JUN 2005 44 CLAIMS. 1'. A chem cal reaction apparatus
conpri si ngWO08K604r 3] i ty of substrates bonded to each ot HGEIPOI/NI364 | east
one flow path formed in at | east one of a heating.elemen t which is forned
on';'at least one the pltirality.' of substrates; surface of. at. |east
one. of the .plurality..of substrates t o#Reat the fl ow path; and a heat

radi ation preventing, film which surface of the plurality of substrates.
has high heat ray reflectance and covers an entire outernpst,K A ¢cheni cal:
reaction,. apphh@timvenhielyrih g ProddsneEPeihsr é5nR6F %h%lﬁ?%rg?ity of
substrates at |east 'a substrate .in ..which the flow 'path is-forned is a
silicon' subst r 5P8. SPRCEhER eka eJe“a&H%ﬁG&Eﬁ&P&F&%15&8?“5?%@?@? claimi,.

further conprising a_.bo er ..wi cowver he : st surfaces
of . the’ pIuraﬁb?gno?ngu%%?#ggggﬁi%%gﬁi%'ng%%ﬁérﬁggkl&édyggggﬁggrevgnting
wherein a - Spaﬁgd&fiéﬁgi%%' e HadeLItthoRtP Aebh@R ingetweRNtRE. | nner
surface of the box nenmper and ¥he out ernost surfaces of. the

plurality of sugpiratesr s8spaidbnaHderdiratalr ddivahitaneprenesptngsfilm. 4. A
chem cal reaction apparatus according to claim3, wherein at |east.
one-part of thdeifiined burtheeappended claims and their equivalents.



of. the box nenber on
PCT/ JP03/ 03364 45 preventing film. 5. A ¢hem cal
according to claim3, wherein.at |east one part of an outer surface
is covered with a radiatian 5 preventing film 6. A.chemca
claim-3, wherein the space is in a
" substantially vacuum state, or a gag havi ng thermal conductivity |ower
that of conponents of the box nenber is seated i'n the 10 space.

t he box nenber _
reaction apparatus according to

t han

is covered with a radiation 1 7 JUN 2005 WD 03/ 082460
reaction appar af pSyyn Fms

7.

chem cal reaction apparatus according to claim®é, wherein an pressure.in

the space is 100 Pa or nore |Q§§,p81‘@1q@en10a| reaction apparatus
‘15 claim 6, wherein a pressure in the space is set to

or-nore |ess:19. & chemieal Eeactiioh A tiss a@&ﬁ%ﬁ'hagnbo claiml,
mhereln t he. heatlng el ement conprises a .thin-film

ath has.a zigzabgeali® Gﬂapﬁbs&@dﬂdyiﬂdhdedltdl@E@heétﬂé§ one; of a
; o corresgondlng to the zigzagged shape of the flom/path

“according to

Z|gzagged shape

10 Pa

eater, and the flow

and a rectanqit a]reah’ap@n@oﬂaowngaselbifb&ntecﬁhry éf'elé@é?teoﬁe bffe f' ow pat h
';25 10. A chénical reaction apparat'us accordlng t'o G R .

'f_ surface of at least one of the plurallty of substrates

the plurallty of substrates,_,'

a heatlng element whlch is formed on at least one

. to heat the flow path, and :

a heat radlatlon preventlng fllm whlch

has hlgh heat ray reflectance and covers an entlre outermost

surface of the plurality of substrates

"'Tﬁ;pz A chemlcal reactlon apparatus accordlng to

3bcla1m 1, whereln of the plurallty of substrates, at

,least a substrate 1n whlch the. flow path is- formed lS

'h(“a 5111con substrate

3”’35 A chemrcal reactlon apparatus accordlng to o
_clalm 1, further compr151ng a box member whlch covers.

all the outermost surfaces of- the plurallty of

substrates 1nclud1ng the heat radlatlon preventlng

Lilm,
. whereln a space is formed 1n at 1east a portlon

3between an . 1nner surface of the box member and the

. - Outermost surfaces of the plural;ty of -substrates

lncludlng the heat radlatlon preventlng film
' 4, A chemlcal reactlon apparatus accordlng to .
claim 3, wherein at least_one-part of the inner surface

of the box member is covered with a radiation

A



claim1, wherein the heat radiation preventing filmis one of; 147 JUiN 2009
2005 WD 03/082460 PCT/ JP03/ 03364 46 a netal film made of Au, A, or Ag,
and a netal oxide filmmade of Sn02 , In03 , or ZnO 11. A chemi cal
reaction apYfaP80according to claim 1, wherein the pl urBET{IRI3/83364
substrates include at 5 least a first substrate in one surface of which
the flow path is forned, and a second substrate bonded to the one surface
of the first substrate. 12. A chemical réaction apparatus according to
claim1l, wherein the heat radiation preventing filmis 10 at |east one
of; a first heat radiation preventing filmwhich covers at |east a portion
of the other sBFﬁﬁ@@tQEGtﬁbf fjrst substrate away fromthe one surface, a

second heat radiatign prevent| filmwhich 15 cqvers at |east,a portion of
the other surface oP-thé %%bﬁ%@s?ﬁ%ﬁ?%ﬁﬁaQﬁﬁﬁféﬁqﬁnﬁﬁ%g rdAPaER whi ch

opposes  the fiistosybsinaless ad hddbihegle L AdIAL0RPLEYERN LRgeLEL M whi ch

covers at IeasF 3180 € Side sur aces of

substrate, whigh e pSLPROMLEUI A ddvdies G o %%fﬁceaonand a fourth heat
preventing IC covers at |east a portion of those side
surfacessof thgregefaeNHgSEbEhRI ate, which are perpendicular to the other
6. A chemical reaction apparatus according to
claim 3, wherein the space is in a substantially vacuum
state, or a gas having thermal conductivity lower than
that of components of the box meﬁber is sealed in the
10 space.
7. A chemica; reaction apparatus according to
claim 6, wherein an pressure in the space is 100 Pa or
more less.
8. A chemical reaction apparatus according to
15 claim 6, wherein a pressure in the space 1s set to
10 Pa or more less.
9. A chemical reaction apparatus according to
claim 1, wherein the heating element comprises a
thin-film heater, and the flow path has a zigzagged
20 shape, and
the thin-film heater has one of a zigzagged shape
corresponding to the zigzagged shape of the flow path,
and a rectangular shape covering substantially the
whole of the flow path.
25 10. A chemical reaction apparatus according to
claim 1, wherein the heat radiation preventing film is

one of;



25- surface. 13. A chemical reaction apparatus according to clain tLyn 205
wherein 1 7 JUN 2005 WO 03/082460 PCT/ JP03/ 03364 47 and the heating

el ement conprises a thin-filmheater, the thin-filmheater is forned on at
| east one OYO¥¥2460one surface of the second substrate, whiEHPOH0BEhoses
the first substrate, the other surface of the second substrate away from
the one surface, and the other surface of the first substrate away from
the one surface. 10 14. A chenical react#6n apparatus according to claim
13, wherein on the surface on which the thin-film heater is forned, the

heating el ement has an insulating _filmwhich covers the thin- fi] m heat er
and has a fl at uppérmgﬁﬁiaéblmJEFQ§3OﬁAASheﬁ|caPrrégctPBH appatat us

according to claim 14, wherein thin-filmhea is formed on at | east
one of the ot A%+ %uh‘]a%em% 19k %@é—’d &né)@bsf)fragg away fromthe one

surface which oppmgfs tﬂecf'%ﬁﬁaf“ggg aggggggﬁezg %p %gu#gace of the

first substrate away fron1 one ~ sur ace I on

preventing filgylgnfor ngde POin 1k IfISHALIRY ol kTbWREGReEOYREBuddEat

thin-fil mheater.
5 least a first substrate in one surface of which the

flow path is formed, and a second substrate bonded to
the one surface of the first substrate.
12. A chemical reaction apparatus according to
claim 11, wherein the heat radiation preventing film is
10 at least one of;

a first heat radiation preventing film which
covers at least a portion of the other surface of the
first substrate away from the one surface,

a second heat radiation preventing film which

15 covers at least a portion of the other surface of the
second substrate away from one surface which opposes
the first substrate,

a third heat radiation preventing film which
covers at least a portion of those side surfaces of the

20 first substrate, which are perpendicular to the other
surface, and

a fourth heat radiation preventing film which
covers at least a portion of those side surfaces of the
second substrate, which are perpendicular to the other

25 surface.
13. A chemical reaction apparatus according to

claim 11, wherein



16. A chem cal reaction apparatus according to 25 claim 14, wherefp Junez005
thin-filmheater is formed on at | east one of the other surface of the
second substrate away fromthe 17 JUN 2005 WO 03/082460 PCT/JP03/0336 4 48
one surfac®P¥BRBpposes the first substrate, and the otHS/IPEIPte of
the first substrate away fromthe one surface, the plurality of substrates
include a third 5 substrate bonded onto the insulating filmwhich covers
the thin-filmheater, and the heat radiation preventing filmis formed on
the outer surface of the third substrate. 17. A chemi cal reaction apparatus
according to 10 claim 16, wherein the third substrate has a recess in a
surface whi ch oppostke thrRatinh-slianarfesoarrisss A EReRTELIM ReR%$0n
apparatus according to claim17, wherein the recess is in a substantially
vacuum state, ®da gas having thermal conductivity 15 | ower than that of

the third substrate_ls ,a,garg_ie%i]if? h\t/éﬁggcrexr Q%e%%rﬁ‘ég' of ggei@gg{ &ggcéf' on

appar at us accordingt?% einthe atrng elenent conprises: a

combustion flow pat fhavigy & CoEuyd eh?deedhdl yabstaues, fwimad in at
| east a portion thereof in the flow path; a supplying unit which supplies
a conbusgion fiyhélses the first substrate,
the other surface of the second substrate away
from the one surface, and
the other surface of the first substrate away from
the one surface.

10 14. A chemical reaction apparatus according to
claim 13, wherein on the surface on which the thin-film
heater 1s formed, the heating element has an insulating
film which covers the thin-film heater and has a flat
upper surface.

15 15. A chemical reaction apparatus according to
claim 14, wherein

the thin-film heater is formed on at least one of
the other surface of the second substrate away from the
one surface which opposes the first substrate, and the

20 other surface of the first substrate away from the one
surface, and

the heat radiation preventing film is formed on
the insulating film which covers the thin-film heater.
16. A chemical reaction apparatus according to
25 claim 14, wherein
the thin-film heater is formed on at least one of

the other surface of the second substrate away from the



to- the combustion flow path; and a thermal energy generating unity ﬁ
generates 25 thermal energy in the conbustion flow path by a conbus W
reaction oq t%ﬁ conbustion catal yst layer. 20. A chem cal reaction
apparatus JCEHYEHE to 1 7 JUN 2005 WO 03/ 082460 PCT/ JPOFCEEEHHE c| ai m
1, further conprising: a supplying unit which supplies a fluid to the flow
path; and a vaporizing unit which vaporlzes the fluid in the 5 flow path
by heating the flow path by the heating 4%l enent. 21. A chemical reaction
apparatus according to claiml, wherein a reaction catalyst Iayer S
formed in the flow path. 10 22. A chem cal reaction a aratus ordlng to
claim21, wherer® WL Femuhiich @§P3F9§tth§ B1FEE PR %ﬁ%ﬂ%ﬂﬂ t he

chem cal reaction appar tus fur e a supplyin nit i ch
supplies a fl P HeH ﬁ%ﬁaFﬁrsﬁnaué Eﬁ?g?n?%gyu%F?QWﬁ?ch ?%forns
the fluid int %OM/path by heating the flow path by the heating

el enent there%@rﬁﬁ dMC|ng hydr ogen. 23. A chem cal reaction apparatus

according to 20 C'@%é”ﬁ%hr&ﬂﬁﬁyﬂdk e sfhditd sl $nd1gas g xhyrg of vaporized
nmet hanol and wat er.

5 substrate bonded onto the insulating film which covers
the thin-film heater, and
the heat radiation preventing film is formed on
the outer surface of the third substrate.

17. A chemical reaction apparatus according to

10 claim 16, wherein the third substrate has a recess in a
surface which opposes the thin-film heater.

18. A chemical reaction apparatus according to
claim 17, wherein the recess is in a substantially
vacuum state, or a gas having thermal conductivity

15 lower than that of the third substrate is sealed in the
recess.

19. A chemical reaction apparatus according to
claim 1, wherein the heating element comprises:

a combustion flow path having a combustion
20 catalyst layer formed in at least a portion thereof in
the flow path;
a supplying unit which supplies a combustion fluid
to the combustion flow path; and
a thermal energy generating unit which generates
25 thermal energy in the combustion flow path by a
combustion reaction on the combustion catalyst layer.

20. A chemical reaction apparatus according to



24. A chem cal reaction apparatus according to claim?21l, where
reaction catalyst is a selective oxidation 25 catalyst, and t hd
reaction apparatus further conprises: a supplying unit which su
0937082460\ 2005 .50 flow, path;. and a renoving BffAP03/
.the fluid in the flow path by heating the
flow path..by the.heatin.g elenent. 25... A chem cal -reaction

fluid to t
renoves-car bon- nonoxi de from

" 25
Rt

- appar at usaccordi ng to cl ai m 24, wherei n4Phe fluid is a. gas 'm xture

contai ni ng: carbon ' nonoxi de. .of.substrates, heating el enent
formed: onat. | east one one flow path forned in at ' |east one of

"t he

plurality. 26.CchapBuer SUPPRGT SYUMIHEAHIri sing.: a chemical reaction

apparatus conprising a plurality:,of suhstrates bond t. ac
| east’ surface of ag.§958§¥i99.%#ﬁF WIGECR [REPRY A FRa u&ﬁ ﬂbgF?

ot her, .. at
ates film

whi ch has highFES@tpé@ ,refllectance and covers an entire outernost surface

of the plural
power by

y of

ubStrates; and A -fuel cell which generates electric

.. causi ng Bydnggenzangd exyeamich readridds tarck1aihelin tuberein .
the. chem cal reaction apparatus further. conprises a reformng

cat al yst sl ayer rigwnpdthno@t hégebig thed MU igeth ofy the hkawipath, a
supplying unit, which supplies-power-generation fuel to the flow path, and

a

ref orm ng. ueilemehtch reforns the power generation fuel’

21. A chemical reaction apparatus according to

claim 1, wherein a reaction catalyst layer is formed in

the flow path,

10 22. A chemical reaction apparatus according to

claim 21, wherein

the reaction catalyst is a reforming catalyst, and

the chemical reaction apparatus further comprises:

a supplying unit which supplies a fluid to the

15 flow path; and

a reforming unit which reforms the fluid in the

flow path by heating the flow path by the heating

element, thereby producing hydrogen.

23. A chemical reaction apparatus according to

20 claim 22, wherein the fluid is a gas mixture of

vaporized methanol and water.

24. A chemical reaction apparatus according to

claim 21, wherein

the reaction catalyst is a selective oxidation

25 catalyst, and

the chemical reaction apparatus further comprises:

a supplying unit which supplies a fluid to the



"~ the 15 box nenber of the c

in the flow path by heating. the flow path. by. the heating elenept J
thereby producing hydrogen.. 27. A power supply system according to %YQW%
26,.. wherein of the plurality of substrates of the chemcal 1 7 JUN 2005 WO
03/ 082460 PCT/JP03 /03364 51 reaction apparatus, at |east a substrate in.
which the flowpath is formed is a gplicon substrate. 28. A power supply
system according to claim?22, wherein 5 the chemnical reaction appar at us
further conprises a box menber whi ch covers all the outernost’ surfaces of

t he plurallky trdbstgates ‘incl'udi ng. the-heat:radiation preventing film -
" and a-space’r ormed 1 n .at 1east a pofrtion between an- 10 i nner surface of

the box rerber, g end @saev%maurrfe@n%%ﬁeﬁo;ﬁat%oﬁ;{%ég{%;é; ellpsybstrates

including the - heat I on préventing fi systen1

accor di Ngreo N 5. cnathelsh o atnl B95hedt Rlin o1 e 1N haBET 3T ace o

i ONn “appar at us d with a

.radlatlOQhQrg@@ﬂjﬂggéléﬂgn§0 ‘A _power. supply systenlaccordlng to clai m 28,
‘wherein at | east one part of an outer surface of the: box menber of the

_cherti cal réapisi.on AR 451 T Pe 20t EOXCLBH aWalk i eventing film
31.-A power supply system according: to g?;lﬁlggadéﬁﬁgéﬂégk % space of:.the

ﬁgsmgal clasnt 2ay- Weaitnlsthé flxﬁllé §§b§t @ﬁfs' ﬂJl')étu"raé:LEBH@aﬂfngor @ gas
- ' Q_carbon monox1de ' '
-26 A power supply system comprlslng
a chemlcal reactlon apparatus comprlslng an::
"-plurallty of substrates bonded to each other, at least-.
'*pone flow path formed 1n at least one of the plurallty
u?lof substrates, heatlng element formed on at least one

ﬂl;surface of at least one of the plurallty of substrates

to heat the flow path, and a heat radlatlon preventlng :

film which has high heat ray reflectance and covers an entire

outermost surface of the plurality of substrates; and

a fuel cell whlch generates electrlc power by‘
"caus1ng hydrogen and oxygen to react. w1th each other,-
whereln the, chemlcal reactlon apparatus further
comprlses a reformlng catalyst'layer formed in at'least
“a portlon'of the flow path, a supplying unit,which
supplies.power-generation-fuel‘to the'flow path, and a
.reforming.unit whioh reforms the power generation fuel’
in the flow path by heating.the,flou pathéby,the
heatlng element, thereby producing -hydrogen..'
27. A power supply system acoordlngltolclaim'ZG,

wherein of the plurality of substrates of the chemical



thermal conductivity |ower than that of conponents of 25 the box pgqnﬁfzbg
sealed in the space. 32. A power supply system according to claim 371,
wherein an pressure in the space of the chemical 1 7 1 UN 2g05 WO

03/ 082460 /0BRA98/ 03364 52 reaction apparatus is 100 Pa R§T/H3/@33pess. 33.
A power supply system according to claim26, wherein a pressure in the
space of the chem cal reaction apparatus is set to 10 Pa or nore less. 5
34. A power supply system according to cl®i m 26, wherein the heat i ng

el enent of the chemical reaction apparatus is a thin- filmheater. 35. A
power supply system,according to claim?26, wherein the heating elenent of
the chem cal r&8@GHRAN 2BPapRERaL Ut cHPPFE eSURSTEHERSULE sRirtokbBat h
havi ng a conbust.i on igﬁalygt Iaéer for . in atlgqgst a portion thereof; a
suppl yi ng unit WRCR3SHppri 8TE Lo udt T o F9hiH T A%e conbustion flow

path; and 15 a thepgal %nﬁﬁggrgg?ﬁﬁggié?gﬁﬁﬁﬁﬁﬁggf%BIQFQE;thim E?erwa

energy in the conbdstion oW pa I'on reaction on the
conmbusti on cat gjpesleihayer. 36. A power supply system according to claim 26,
wherein the heat radiation preventing filmof the 20 chem cal reaction

apparatus i s one of tha mbledlichill Fegadeonfappardtus ofurtAghr athpd igekal
oxide filmmade of Sn02, InG3, or ZnO
a box member which covers all the outermost surfaces of
the plurality of substrates including the heat
radiation preventing film, and
a space is formed in at least a portion between an
10 inner surface of the box member and the outermost
surfaces of the plurality of substrates including the
heat radiation preventing film.

29. A power supply system according to claim 28,
wherein at least one part of the inner surface of the

15 box member of the chemical reaction apparatus is
covered with a radiation preventing film.

30. A power supply system according to claim 28,
wherein at least one part of an outer surface of the
box member of the chemical reaction apparatus is

20 covered with a radiation preventing film.

31. A power supply system according to claim 28,
wherein the space of the chemical reaction apparatus is
in a substantially vacuum state, or a gas having
thermal conductivity lower than that of components of

25 the box member is sealed in the space.
32. A power supply system according to claim 31,

wherein an pressure in the space of the chemical



37. A power supply system according to claim 26, wherein the power
generation fuel is an aqueous 25 solution of nethanol. 38. A pom3$7$WNﬁmw
system according to claim 26, wherein the chem cal reaction apparatus
further 1 W%W%%‘tf% WO 03/ 082460 PCT/ JP03/ 03364 53 corrprlrf‘swog{m%ori zing
unit which vaporizes the power generation fuel in the flow path by heating
the flow path by the heating elenment. 39. A power supply system according
to claim26, 5 wherein the chenical rea&®i on apparatus further conprises:
a selective oxidation catalyst layer fornmed in the flow path; a supplying
unit which supplies a gas m xture 10 containing carbon nonoxide to the

fl ow path; andreacbihoni apparatuswhichl dlefsy @XcHPE6N1ABAOXI de from the gas

m xture by heating the flow path by the heatin% gLeneEt. 40, A%gomer
supply system accoPdr ngPtROWe % HRIELY siis GRie AECRTERBIpFAr 171D 2%/

substrates of Lhe ghemcal s LERP N APILAR S REbUIE R Leost @ first
e oron Shek iAo BREAANL s Sl e wenbrnabsly s, 20 AL D pove
filmof ghe 34. A power supply system according to claim 26,
wherein the heating element of the chemical reaction
apparatus is a thianilm heater.
35. A power supply system according to claim 26,
wherein the heating element of the chemical reaction
10 apparatus comprises:
a combustion flow path having a combustion
catalyst layer formed in at least a portion thereof;
a supplying unit which supplies a combustion fluid
to the combustion.flow path; and |
15 a thermal energy generating unit which generates
thermal energy in the combustion flow path by a
combustion reaction on the combustion catalyst layer.
36. A power supply system according to claim 26,
wherein the heat radiation preventing film of the
20 chemical reaction apparatus is one of;
a metal film made of Au, Al, or Ag, and a metal
oxide film made of SnOp, InO3, or ZnO.
37. A power supply system according to claim 26,
wherein the power generation fuel is an aqueous
25 solution of methanol.
38. A power supply system according to claim 26,

wherein the chemical reaction apparatus further



chem cal reaction apparatus is at |east one of; a first heat radiation
preventing filmwhich covers at |east a portlon of the other surtdcéUhof005
the 25 first substrate away fromthe one surface, a second heat radiation
preventi ngMA P8P ch covers at least a portion of the otB{d/IPAUIBse of
the 1 7 JUN 2005 WO 03/082460 PCT/ JP03/03364 54 second substrate away from
one surface which opposes the first substrate, a third heat radiation
preventing fil mwhich covers at |east éi%ortlon of those side surfaces of
the 5 first substrate, which are perpendicular to the other surface, and
a fourth heat radiation preventing filmwhich covers at Ieast a ortion of
those side SurdRRE SsfS tthaapeashBdsibsE r Whpech iR 17%8 J&¥% ular to

the other 10 surface. 42, A po ten1accord| t i m 40,
wherein the heﬁqwt&wlof’-ntmﬁé cﬁgﬁvcﬁf‘ ﬁe]%%t]?%%t %ea&u(sb"gorrprl ses a
thin-film heater 5 the,thin- eater is forned on at | east one of
the one surfad®idt 5f1et élr?&tmgbseﬁ'e E}‘valm ch opposes the first

substrate, the othgy s ubBe yS8geRdmsHbEs Fal £y a¥RYc1dipmd he one
surface, and 20 the ot he surfac ]y e first substrate away from
5 wherein the chemical reaction apparatus further
comprises:

a selective oxidation catalyst layer formed in the
flow path;

a supplying unit which supplies a gas mixture

10 containing carbon monoxide to the flow path; and

a removing unit which remove carbon monoxide from
the gas mixture by heating the flow path by the heating
element.

40. A power supply system according to claim 26,

15 wherein the plurality of substrates of the chemical
reaction apparatus include at least a first substrate
in one surface of which the £low path is formed, and
a second substrate bonded to the one surface of the
first substrate.

20 41. A power supply system according to claim 40,
wherein the heat radiation preventing film of the
chemical reaction apparatus is at least one of;

a first heat radiation preventing film which
covers at least a portion of the other surface of the

25 first substrate away from the one surface,

a second heat radiation preventing film which

covers at least a portion of the other surface of the



the one surface. 43. A power supply systemaccording to clain14%, erein
on the surface on which the thin-filmheater is forned, the heatr N" 2005

el enent of the chem cal reaction 25 apparatus has an insulating filmwhich
covers theWQ¥¥H2460| m heater and has a flat upper surface PCAAPIHORMer
supply system according to claim40, 1 7 JUN 2005 WO 03/082460

PCT/ JP03/ 03364 55 wherein in the chem cal reaction apparatus, the
thin-filmheater is formed on at |east oR& of the other surface of the
second substrate away fromthe one surface which opposes the first
substrate, and the 5 other surface of the first subst&ate amagéfron1the one

surface, and t RECABE: SYRSFER TR AYREVRAN RFe SUHTRSS: BRAED SPPCTHR

insulating filmwhich covers the thin-filmheater. 45. A power supply
systen1accordigbetglﬁf 'ﬁﬁbﬁfrﬁEFMMerein in the chenical reaction

apparatus, the thin.filmbealer |s,farmd A Andieastiane alcnt he ot her

surface of the second substrate away fromthe one surface which opposes

the first substpates apdithst StperrioH facaefse Radei kakravbst satEnavay
fromthe one 15 surface, the plurality of substrates include a third

substrat ¢ bondgdreft pubberabsulatiicly drd merpeniicaters tot hket btimefi | m
heater, and the heat radiation preventing filmis fornmed on
surface, and
a fourth heat radiation preventing film which
covers at least a portion of those side surfaces of the
second substrate, which are perpendicular to the other
10 surface.
42. A power supply system according to claim 40,
wherein
the heating element of the chemical reaction
apparatus comprises a thin-film heater, and
15 the thin-film heater is formed on at least one of
the one surface of the second substrate, which
opposes the first substrate,
the other surface of the second substrate away
from the one surface, and
20 the other surface of the first substrate away from
the one surface.

43. A power supply system according to claim 42,
wherein on the surface on which the thin-film heater is
formed, the heating element of the chemical reaction

25 apparatus has an insulating film which covers the

thin-film heater and has a flat upper surface.

44, A power supply system according to claim 40,



20 the outer surface of the third substrate. 46. A power supply syst
according to claim45, wherein the third substrate has a recess Y? gﬂQZWS

surface which opposes the thin-filmheater. 47. A power stem
according WP & Eﬁ? 25 wherein the recess is in a sub§F§ﬁFyyW¥ vacuum

state, or a gas haV|ng thermal conductivity |ower than that of the third
substrate is sealed in the recess. 1 7 JUN 2005 56 48. A chem cal
reaction'. apparatus. conprising: a sol Pa. body- wh.ich..has an,. outer.
surface, and -in- which'. at |east one flow path' which allows a chem cal
nmedium'.to- flowis -forned a.-_  heating elenent. which is fornmed 'in.

the body, -.' WBEH@Ln & Heakke "ChemkGaliReACTHOM GRPRN &S | ow, path to
acc_el erate a . che_m gﬁfﬂ Fﬂﬁﬁfiiﬁ 051.}'% hﬁl%ﬁ%{g&%n aTrEIE(El'elé@t a heat

radi ati on preventin ray ectance an covers

an entire outegy, Ué£ 34 9& EDEe DOEVERO s éﬂﬁagﬁﬂg%@a%%'Qﬁayokrgﬁaﬁhe

generated by t heating &f €fent from the outer surface of t he'
one surface which opposes the first substrate, and the

5 other surface of the first substrate away from the one
surface, and
the heat radiation preventing film is formed on
the insulating film which covers the thin-film heater.
45. A power supply system according to claim 40,
iO wherein in the chemical reaction apparatus,
the thin-film heater is formed on at least one of
the other surface of the second substrate away from the
one surface which opposes the first substrate, and the
other surface of the first substrate away from the one
15 surface,
the plurality of substrates include a third
substrate bonded onto the insulating film which covers
the thin-film heater, and
the heat radiation preventing film is formed on
20 the outer surface of the third substrate.

46. A power supply system according to claim 45,
wherein the third substrate has a recess in a surface
which opposes the thin-film heater.

47. A power supply system according to claim 46,

25 wherein the recess is in a substantially vacuum state,
or a gas having thermal conductivity lower than that of

the third substrate is sealed in the recess.
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48tt A chemlcal reaction apparatus comprlsing
a solld body whlch has an outer surface, and “in-
,whlch at least one flow path whlch allows a chemlcal
: ;medium to flow 1s formed,
| a heatlng element whlch 1s formed in. the body, and

*:fheats the chemlcal medlum 1n the flow path to

'Nniaccelerate a chemlcal reaction of the chemlcal medlum,

| a heat radiation preventlng film whlch has high heat ray-‘
_ reflectance and covers an entire outer surface of the body to_
,prevent"radlatlon:of heatgenerated bylthe heat;ng element‘froml

' the outer surface of the body.



