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1 DESCRI PTION Fuel cell, electronic device, novable
body, power generation system and cogeneration
system 5 TECHNI CAL FI ELD [0001] The present invention
relates to a fuel cell using an enzyne as a catal yst,
an el ectronic device, a novable body, 10 a power
generation system and a cogdneration system
BACKGROUND ART [0002) A fuel cell basically conprises
a fuel electrode (negative 15 electrode), an oxidizer
el ectrode or air el ectradsqrIesiibnve el ectrode), and
an el ectrolyte (proton conductor) , and has an
operational principle, in accordance with a reverse
r geelli @ 1,061 éher flRCHEGL ¥8] SnRfap ‘i@t@d S rbe{' gption
hydrogen and oxygen are reacted to Pﬁr ter
and gener at e ef¥dien.ciangd cege8pratfow adtstera fueI
(hydrogen) supplied to the fuel electrode. is
oxi di zed and divided into el ectrons and protons (H),
af8CHNheAR| BXUTONS go to the fuel el ectrode and the
pr8é$n£ H travel through the electrolyte to the

Zer electrode. At the oxidizer el ectrode, the

pr ot onsheHprakent eAsh&t Wi h- NL g5, lieq 4f

t he outside and el ectrons f %?g%%%n$§he é%%le% Fode®™

t ARBYTEh ae‘ﬁnael;@fe‘:rmt,c pacaléctoofior keM2:, [aOGi{aﬁfIablEhBody,
h ef ficient power generator which

dl(ra'%ct%LL 3§ﬁ%ﬁgF33 tﬁgsgﬁ@n1%%? CERtAOPUEYSEEM-
electrlcal 30 energy, and can extract el ectrica

ener fronrthe chem cal 2
BACKGRQUND A

[0002]

Afuel cellbasicallycomprisesafuel electrode (negative
electrode), an oxidizer electrode or air electrode (positive
electrode), and an electrolyte (proton conductor), and has
anoperationalprinciple, inaccordancewithareverse reaction
of the electrolysis of water, such that hydrogen and oxygen
are reacted to form water (H,0) and generate electricity.
Specifically, a fuel (hydrogen) supplied tothe fuel electrode.
ie oxidized and divided into electrons and protons (H'), and
the electrons go to the fuel electrode and the protons H' travel

through the electrolyte to the oxidizer electrode. At the

oxidizer electrode, the protons H' are reacted with oxygen
supplied from the outside and electrons fed from the fuel
electrode through an external circuit to form HO. |
(0003]

The fuel cell is a high-efficient power generator which
directly converts the chemical energy of a fuel to electrical

energy, and can extract electrical energy from the chemical
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energy of fossil energy, such as natural gas,

petroleum or coal, with high conversion efficiency,
irrespective of where orwhen the fuel cell is used.

For this reason, conventionally, fuel cells in

| ar ge-scal e power generation applications and 5 others
have been extensively researcghed and devel oped. For
exanpl e, fuel cells are nounted on a space shuttle,

whi ch has denonstrated that the fuel ceIIs can supply
NGy | eidyiiC r Fs r

andeQ%é¥O€he fJ&Ieggg 5?%&1% é%ﬁﬁ%%ﬁk gén ?E¥§#éym' or
1@‘{‘3@@0'¢]thhltgh@Opwarsr1@ueeﬂf mmy,finafesqﬂdtswe of where

rel at| | ow t enper at ur es
oo £ (E0PTe BB a o P TR ory e v R LY
p‘fhlyéﬂecﬁe]flﬂéhncﬁéf@ ﬁﬁ@@\é@&@%ex@ﬁq.oﬁaagpﬁiéé%r%d and
attﬁntlon Therefore, attenpts are being
apr§re %EPGEeGF?FthWWr?ée@m&@ﬁ@d dewékopmier For

geRamail OFyRY -2 B9 212 SRl S Bit% & no%éc’%:ee n%’ut%li%h Hidh nas

power  source for driving an au
pdﬁmama@rmthso u:rhmfuéb rcefl@BsetakufPIP HRT Rl y BBkkeic

dggwgglnﬁfog % nentloned above, the fuel cel

DOSS ki 5 3 Gl PRAJdAS theeiuel ginlifeare
|alg§n$§@ﬂéi RRVWRFagereration to the small-scal e power
generation, and has attracted considerable attention

as9804 gh-ef fici ent power generator. However, the

f uel | roble in t.hat the fue
Lor| asirendf? AELOMR: BEAVLC TR LANE GhDE LIS 155 Fanee
byt mesdlrs iveflyal owf osmps r £taBsN aE U Bbm GaSom ReIRHEUI e to
or, coal, and hence consunes limted resources and

r BRI 9°Gi dintersepal i eolyamr Aysl ammmatartehdefrabd:ped
Cghd haoedT t2acdtkal H@Eeﬁﬁ'm{ ' S%H?]ﬁ = CPd[ae? gégggglzg bclaleng

nmetal, such as platinum (

Hrfo§errryay bhe riatdlanell 1 |rtc9:ebﬁly scdthe CIIall)geU&ﬁtﬁl%Sp@ﬂer
generation but also to small-size systems, such as a power
source for driving an automobile, and a portable power source
for personal computer or mobile device.

[0005]

As mentioned above, the fuel cell is possibly applied
to a wide range of uses from the large-scale power generation
to the small-scale power generation, and has attracted
considerable attention as a high-efficient power generator.

However, the fuel cell has various problems in that the fuel

cell generally uses, as a fuel, hydrogen gas converted by means

. of a reformer from natural gas, petroleum, or coal, and hence

consumes limited resources and requires high-temperature
heating, and that the fuel cell needs a catalyst comprised
of anexpensivenoblemetal, suchasplatinum (Pt). In addition,

when hydrogen gas or methanol itself is directly used as a




3 fuel, it nust be carefully handled. [0006] For
sol ving the problens, the application of biologica
net abol i sm proceeding in a living body, which is a5
hi gh-efficient energy conversion nechanism to a fue
cell has been proposed. The biol ogi cal netabolism
used here includes respiratigon, photosynthesis, and
the |ike conducted in mcroorgani smsonatic cells.
The bi ol ogi cal netabolism has advantageous features

n nly4i t I tion 10 efficiency is
egﬁfgﬁe¥§ ﬁ%éﬁ?$%d%ﬁgggﬁﬁﬁh%gﬁgégéhe reaction

pri®®8&ds under mild conditions at about room
tenperature. .[00Q7] Foy. example, respirationis a = _
rrechan? Ifnsg&gﬁkgh‘%te] pﬁP{??‘%‘B? gaticsHRP bfcatelans of e liagical
NeetbBBL $sm SHedc s iSRE GhA 4€$4ng1Bo ,t’wl-gﬂ&iq( protein,
and, during the formation of carbon di ox| de { CO

t Bighoht £ hel gty @repdyve cpavanaiomme: dheindamboky | & chudi dell

I ' a er. of. enz eaction steps,
g%%%%?%éﬁT%%ag%%%gneng2%%?%%&%0 %%ﬁf#?qﬁ§mrgﬁﬁ ed®t
f onaludeslreeginatdon natodesgdentaes daRdalROL i ¥€ conducted
(NADﬂL thus 20 converting the chem cal energy of the
noP TS T 0% OBARF §ySe ]S . The deieleaiicadnaegpbolisn
ands bukhesgbHud Peaehess hop ohg?'rﬁmfét Ry @BQ?]: L€ ration
f rect ed tH

el ectrical energy of NADH I s y conver

10 peéibpiepatiienexerent ¥y ddigheneuy)e land ioxylyen tie reaction
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r rm.water. .-The resultant el ectrical ,
eﬁ%%%% So?'l?rlsée%TBl r oﬁoﬁglgﬂ%%sﬁ“h ea&i?ﬂ‘ﬁh FSPRattEpPRERy e -
t booagh adenosi ne triphosphate (ATP) synthase, and

ATP is utilized in the reactions required for living

of ni CPEorFAMPERE BPSRErdLiomHiss 2emechgnisnveneh drhat s

_ Clﬁ‘:[(ff&ﬂ:g%lﬂisim% &‘yéé?l.sl@ taﬂﬂedn'i‘hﬁé’ﬂ‘é’ﬁ\%,' saﬂcl[l gg (s)g.l:charides .
fat, and protein, and, during the formation 6f carbon dioxide
(CO,) through the glycolytic pathway and tricarboxylic acid
(TCA) cycle having a number of enzyme reaction steps,
nicotinamide adenine dinucleotide (NAD') is reduced to form
reduced nicotinamide adenine dinucleotide (NADH), thus
converting the chemical energy of the nutrients to redox energy,
i.e., electrical energy, and further, intheelectron transport
system, the electrical energy of NADH is directly converted
to proton-gradient electrical energy and oxygen is reduced
to formwater. The resultant electrical energy forms ATP £from
adenosine diphosphate (ADP) through adenosine triphosphate
(ATP) synthase, and ATP is utilized in the reactions required
for livingof microorganisms or cells. This energy conversion
is carried out in cytosol and mitochondria.
[0008]

Photosynthesis is a mechanism such that, during the
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30 Photosynthesis is a nechani smsuch that, during the
4 conversion of the optical energy taken in to

el ectrical energy by reducing nicotinam de adeni ne

di nucl eoti de phosphate (NADP ) through the el ectron
transport systemto reduced nicotinam de adenine

di nucl eoti de phosphate (NADPH), water 5 is oxidized to
form oxygen. The resultant electrical energy is
utilized in a carbon fixing reaction by taking in CO2

anbn 2 rSRLNESE R @ %tgéé?%ﬁléq‘r 1€Sed {ng]e Ir&&a% Snergy

technique for utilTzing ove-nen |on
10vheteabwlingminoifameldec eidenmemahuangaﬂi@énﬂmist;ﬁfa)te

in | ectri ener enerated in mcroorgani sns
|su%%%58e€P?rHﬂﬂ %ﬁﬁe E%%Sg%ﬂ?%ﬁRPWQH%ﬁﬂﬁﬁmaﬁo reduced
elrfcioranande addyn @d dt Hec1 £68YEL Mo fIHEEL" ARSI S water
dellvered to an electrode to obtain an electric

cdrr entdhzed beckrrepsyged. (S8 résulexamplectri®al energy

Shes e EEr AR A e SRl 1260 SRt pY it o co. and

nmec syothani s nef arndkbeghidsaltawe nan functlons other

b y

tgaﬁ éﬂs desired reactions including the conversion of
Rekhi cal energy to electrical energy. Therefore, in

the abmyg teehi9gue 28r ‘ﬁQQ?&hEﬁQ £hRagid m%ﬁ@ﬁHﬂ%é.\?ﬁ.Bgical

electrical energy, making it difficult to ac
sﬁ?F@b@b%@FbiﬁeﬁgylG@ﬁ&er6|mwnraﬁﬁganlsncpatﬁﬁﬁﬁmklwﬁEch

F fue) | whi ch I
el PEar Pashefe Pl SRl ah bt ahty e e erom
etbet mmmﬁMS RAgolERNaR! OPOSEELA SR¥Biak8%: and the

exa Japanese Patent _Application Publication
ngb%)%“tz@zlffﬁraﬁamdﬂwgyemw an electrode to obtain

an electric current has been reported (see, for example,
Unexamined Japanese Patent Application Laid-Open
Specification No. 2000-133297).

[0010]

However, microorganisms and cells have many functions
other than the desired reactions including the conversion of
chemical energy toelectrical energy. Therefore, inthe above
method, an undesired reaction consumes the electrical enerqgy,
makingitdifficult toachieveasatisfactoryenergy conversion
efficiency.

[0011]

For solving the problem, a fuel cell inwhichonlyadesired
reaction is advanced using an enzyme and an electron mediator
has been proposed (see, for example, Japanese Patent
ApplicationPublicationNos. 2003-282124and2004-71559) . TIn
this fuel cell, a fuel is decomposed into protons and electrons

by an enzyme, and fuel cells using as a fuel an alcohol, such




this fuel cell, a fuel is deconposed into protons and

el ectrons 30 by an enzyne, and fuel cells using as a
fuel an al cohol, such 5 as nethanol or ethanol, or a
nonosacchari de, such as glucose, have been devel oped.
[0012] However, the above-nentioned conventional fue
cell 5 using alcohol or glugose as a fuel is

unsati sfactory in power generation efficiency, and

hence is difficult to put into practical use. [0013]
AGGOH&H , HOo | eV t, pr.esent

i nven%tgbg{dilgﬁiiﬂ%gl or}r' o%?g?@%fzﬁ%q%gllpgmsl%% fg glucose,
adnpaet hgenudevwtomady in that it can directly extract
eH%% 5#0 power froma polysaccharide to achieve
hi'gh-efficient power generation, but also in that it
does rdweneyi thel abbtednbREShhed URln AR i cR@AT E1BY €811
to the realization of resource circulation 15 society.

[ 56129 21890 ePr GA3KOsE dre aabii evedunatting aptesgnin power
[ ' i » provi de lectronic. device, .a .
b o batyt A s p88 Aefi P G RAaR, B pue tneo
cbyeneiedl ameyst em usi ng the above 20 excellent fuel
Cibé | SCLOSURE OF THE | NVENTI ON [0015] The present

i "W&hibrs have conducted extensive and 25 intensive

StUdieﬁxﬁhﬁﬂnglyl%Wéé%%ﬁﬁ%§éﬁ¥géﬁﬁﬁg€?ﬁ8resentinvention

above- nenti oned probl ens acconpanyi n prior art

10 beHift grevidene ftaidiced Lawkids iief kyivdasagedes vl owly in
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[QQJ@]it can directly extract electric power from a
polysaccharide to achieve high-efficient powér generation,
but also in that it does not require limited fossil fuel and
contributes to the realization of resource circulation
society.
[0014]

Another task to be achieved by the present invention is
to provide an electronic device, a movable body, a power
generation system, and a cogeneration system using the above

excellent fuel cell.

DISCLOSURE OF THE INVENTION
[0015]

The present inventors have conducted extensive and
intensive studies with a view toward solving the
'above-mentionedproblemsaccompanyingthepriorarttechnique.
The studies are briefly described below.

[0016]

Glucoseusedas afuel inthe above-mentioned conventional

fuel cell is produced by industrially decomposing a variety
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G ucose used as a fuel in the above-nentioned
conventional 30 fuel cell is produced by industrially
deconposing a variety 6 of polysaccharides. On the

ot her hand, in the natural world, substances in the
form of nonosaccharides including glucose are not
present, and many substances_.are present in the form
of pol ysacchari des. Generally, organisns do not obtain
5 energy fron1g|ucose and actually obtain energy by

accharld and deconposing them
enzﬁéysﬁg éé??aet?‘b 8f°te]|’?§r1§‘§}“df'r o Ehe natura]yworld
pelpsasndeas |1(ﬂle‘éhaaﬁ)ﬂi3©ﬁ! 1i8dbd ZRhariBed Ph@ﬂ?@:ﬁngs)fﬁh@gbe
and the |ike using, g., garbage as a fuel. Thi

sPEEAHPEREERS aﬁ%@ﬁ%’aﬁ*umﬁc@re usseas 10 the form

hy.er I ha S and .many. of, t he
c%gn§§f$b su sﬁgﬁ%%s %?%%Bc &pprg%' ﬁeagoeﬁéFgOb e
banﬂrc_mg firiveny 1 udomd helnd daetaib a]g]egnhebaaeﬂ dj}ér@wﬁpgjhaﬂﬂng in
actions u obtain heat energy. The heat
CRel ST Ui o BRcRIRRELES i B G feemea
Oéxtf&&ld&ﬁofaéwefg& tEhem ﬁ@ﬁyﬁé&&ﬂﬁe@h% %ée’ri caklized

energyby a power generator. On the stages of energy
cbﬂ\ér@%ﬁsseﬁﬁﬁgyml ard tdecdiseandinthe erergpasbagheas a

o Fue *ZoFP BhEFE A oI ahai ey SUBCErReEn S =

t hgdmafarr @hs warthek lemndl f bigbibmagenemdt Baey eEt the cReMeEal
caque realized, electrical energy can be directly

SAESt PESREHGEoRFGV A HRRRE SIETals §Yc ReFnéag them.
SHRStRACERea P %%Sié@:%@e'dnb}% 0&%;5&1 el g f%gzt'lllzed to

starch and cell ul ose Ing It possi
ot im beéttanargmweifhw Hedzguenesgn QSZSOhvmrterﬂi tlook st ic

S N o - J—_—
T@I&mﬂ&cal\ﬁﬂéﬂ@m pbwet Qénéﬁaﬁ&ﬁ I ealdeadd L8t energy
resource Ci rcul ation
conversion, energy loss occurs and the energy of the fuel is
considerably wasted.

[0017]

Therefore, when a fuel cell that uses polysaccharides
present in the natural world as a fuel to generate electric
power can be realized, electrical energy can be directly
extracted from not only garbage but also chemical substances
produced in the natural world (e.g., starch and cellulose),
thus making it possible to obtain electric power without using
limited fossil fuel. Further, garbage or waste paper can be
effectivelyutilized and hence the amount of waste is reduced,
‘which contributes to the realization of resource circulation
society. Furthermore, plants fix CO, in air in the synthesis
of polysaccharides by photosynthesis, which possibly

contributes to the reduction of CO, in air which is a current
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society. Furthernore, plants fix CO2 in air in the
synthesis of polysaccharides by photosynthesis, which
possi bly 30 contributes to the reduction of CO, in air
which is a current 7 problem [0018] The present

i nventors have nmade extensive and intensive studies.

As a result, it has been fou that the use of a 5

pol ysaccharide, such as starch, as a fuel in the fue
cell can solve all the above problens, and the

p invention has been conpleted. [0019]
Sggéﬁﬂ%gélly, for solving the above problens, 10 the
fibogtsji nvention is directed to a fuel cell for
generating el ectric power by deconposing a fuel using.
an enz¥HePTeEREF ddtertrEd have Radetant anrdivecand dintengive
Pekuaseshamnisde. rbA920] 5 Thea S RaRd LINANELLD Li%e use of a
directed to an el ectronic device usi ng a fue
ceplyseapehanids i zedh ast hoardtine fsuel faelll igeties ahed cell

elL.ectri r €Cconposj| a fue sing an enzyne, .
V\ﬁgge%]ﬁ’e?%e fﬁg‘%{ onta ﬁgbgg?}%i ﬁ‘i&ﬁﬁr? seRhayprtion
Thestibéedtl domwmAdtde@n is directed to a novabl e body

20 a fuel cell, characterized in that the fue

usin
ciPPg%%nerates el ectric power by deconposing a fue

usi ng eRZYaR; ., Whegei fyel aj

polysgggﬁaride. FOOSE? &%H%ﬂﬁ%ﬁggha%%&%nb?%ﬁﬁﬁgs’

di recttde foratpomeengiboerad idirec22dsyst anFusingenl f £t
aracterized in that the fuel cell generates

[ h
- ge%%‘%rr% e DT C By REBH BE ARGOEPPEERT adiusd W nsay RRZYme

characterized in that the fuel contains a polysaccharide.
fooz0]

The second invention is directed to an electronic device
:usingafuelcell,characterizedinthatthefuelcellgenerates
- electric power by decomposing a fuel using an enzyme, wherein
.the fuel contains a polysaccharide.

[0021]

The third invention is directed to a movable body using
a fuel cell, characterized in that the fuel cell generates
‘electric power by decomposing a fuel using an enzyme, wherein
the fuel contains a polysaccharide.

[C022]

The fourth invention is directed to a power generation
.system using a fuel cell, characterized in that the fuel cell
generates electric power by decomposing a fuel using an enzyme,
wherein the fuel contains a polysaccharide.

[0023]
The fifth invention is directed to a cogeneration system

usingafuel cell, characterized inthat the fuel cell generates




wherein the fuel contains a polysaccharide. [0023]

The fifth invention is directed to a cogeneration
system 30 using a fuel cell, characterized in that
the fuel cell generates 8 electric power by
deconposing a fuel using an enzyne, wherein the fue
contains a pol ysaccharide. [QD24] The fuel cell in
each of the first to fifth inventions 5 generally has
a structure conprising a positive electrode and a

BN YRR B ISR B8 PO, SRUNE! Ureresn
palhes oehatbdea ihsd g pallyRivEIR-igel. ectrical energy can
b36pir?ctly extracted from 10 the pol ysacchari de.

Exanpl es of pol ysacchari des usable as a fue
in theTlfléleﬂuelC@Ehl(ﬂ?lgﬂggaﬁhge@lf& %obfgfghs'enr{rse%tlons
nmeani ng any carbohydrates that formtwo no ecul
neFaeyshlly hasmosarohantdesmpyibydyal yss bt iwndlectrode and
i nc oI sac h rldes uch as di sacchari des,
(A ]gég 2hive CoPF A RROHAF R ST PRI (RRRRICEPE,
arnpbpse, anylopectln, gl ycogen, cellul ose, maltose,
sucrose, and_lactose. These conprise two or nore
monosaldt BRI TRaL Behdedy dgepmePsingd patyis@ocharide using
pgh%§ﬁggggrb g S saccharid

E 019'95.%91 %&Jﬁg%ﬁ & g aecggyo%}gﬁa}cnt gl’ grom

whi ch i’s ondi ng ose an

10 cbhpome&&saqﬁhanydarch and starch is a mxture of
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aggggéﬁ and anyl opectin. As the fuel, any fuel can be
long as it contains a deconposable

o R TS St LR ERL A R 3 e
cell (polysaccharides in a broad sense, meaning any
carbohydrates that form two molecules or more of
monosaccharides by hydrolysis, and including
oligosaccharides, such as disaccharides, trisaccharides, and
tetrasaccharides) include starch, amylose, amylopectin,
glycogen, cellulose, maltose, sucrose, and lactose. These
comprise two or more monosaccharides bonded together, and each
polysaccharide contains glucose as a monosaccharide which is
a bonding unit. BAmylose and amylopectin are components of
starch, and starch is a mixture of amylose and amylopectin.
As the fuel, any fuel can be used as long as it contains a
decomposable polysaccharide, and the fuel may céntain glucose

which is a decomposition product of a polysaccharide.

Therefore, garbage or the like can be used as a fuel.
foo27]

In the fuel cell, as the enzyme, at least a decomposing
enzyme for promoting decomposition, e.g., hydrolysis of the

polysaccharide to form a monosaccharide, e.g., glucose and
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Therefore, garbage or the |like can be used as a fuel.
[0027] In the fuel cell, as the enzyne, at |east a
deconposi ng enzynme for pronoting deconposition, e.g.,
hydrol ysis of the 30 polysaccharide to forma
nonosaccharide, e.g., glucose and 9 an oxidase for
pronoti ng oxidation of thenogosaccharide formed to
deconpose it are used. Further, a coenzyne oxi dase for
changi ng a coenzyne reduced by the oxidase to an

oxi i I used. 5.[.0028 n the reduced
opBladk? £l R onkE Sy ot YR h of HotRs e e aBe e Srmed
oftot Hecompmry N exkdased. elmaiteRs ar fodenRfalRd dasandor
the electrons are delivered fromthe coenzyme oxidase
G ABHBY et CPreBEr e geR Tweed bec Ehe deyidaseobgmmpxidant is
ekesbr @feqredi ator. 10 As the coenzyme, for exanple,

NAD is used, and, as the coenzyne oxidase, for
ex8ApBe, diaphorase is used. [0029] In the fuel cel

deconpist AP ARG charriBoat eriglgractt edgant due
debyteegenaaeds: HCo ot fRs 8x { 84 s 26 08POS I Wa e generated,

~anpnosaccharide, a polysaccharide deconposabl e into

gfid dde siegiirmayrelivamnd Exanpihe caermre adglase to
CONRA Let Ay & LopeGting;

gl ycogen, angM t%gﬁé%%%éﬂﬁkﬁg£$§§?%F§%%§C %anealator'
gensheatoweakzyue/ iforpoweipl<d NEDayLas®, hadA adaPoshAgne
20_enzyme that hydrolyzes an a-glucan, such as starch,

t o %l"%‘ﬁ' 5:0508§@¥‘pi1‘ﬁd é?%@b@?%ﬁy‘%ﬁ@&@nase is an
okeatasie t hat oxidizes (3-D-glucose to

D- gl ucono- S-1 actone. (0030] 1In the fuel cell wusing

cel | ufasthasuslecadt onplowd w3 venaypdase as the decomposing

enzyme for decomposing a polysaccharide and using glucose
dehydrogenase as the oxidase for decomposing amonosaccharide,
a polysaccharide decomposable into glucose by glucoamylase,
jforexample,asubstancecomprisinganyoneofstarch,amylose,
-amylopectin, glycogen, and maltose can be used as a fuel to
generate electric power. Glucoamylase is a decomposing
enzyme that hydrolyzes an a-glucan, such as starch, to form
‘glucose, and glucose dehydrogenase is an oxidase that oxidizes
B-D-glucose to D-glucono-8-lactone.

(0030]

Inthe fuel cell using cellulase as the decomposing enzyme
and using glucose dehydrogenase as the oxidase, cellulose
decomposable into glucose by cellulase can be used ag a fuel.
Cellulase is, more specifically, at least one member selected
fromcellulase (EC3.2.1.4), exocellobiohydrase (EC3.2.1.91),
and B-glucosidase (EC 3.2.1.21). As the decomposing enzyme,

a mixture of glucoamylase and cellulase may be used, and, in




25 and using gl ucose dehydrogenase as the oxidase,
cel l ul ose deconposable into glucose by cellul ase can

be used as a fuel. Cellulase is, nore specifically,

at | east one nenber selected froncellul ase
(EC3.2.1.4), exocel | obi ohydrase (EC 3.2.1.91),
andJ3- gl ucosi dase (EC 3.2.1.2 ). As the deconposing
enzyme, 30 a m xture of glucoanyl ase and cel |l ul ase nay
be used, and, in 10 this case, the deconposing enzyne
can,.de 0S | post al l. _the naturally occurri
SRRy P e BBk e SFETRE it e BEREP &7 rPot 212
s ydteama tusiad yas:cunriri el pol1yeiechak i 668) ahAitRgrarbak 8§ower
amount of Bo;ysaccharldes, for exanpl e, garbage can be

5 SR ey gl SYRG63YS1nGRE AdUaled makeriakragtaining a large
-Gl MEeSHEa RNPogy |

gl ucose dehgg%%%%%gggqhs fhg§%2%§§§é¥8§8§%%k§§%'H&n be
désbapysdbl e i nto glucose. by a-gl ucosi dase can be
u%%g3§z 10 a fuel. [0032] In the fuel cell using
sucrase as the deconposi ng enzyne and using gl ucose
dehydrnﬂeﬁéﬁﬂuﬁﬁcbmﬁ1%%h@9&ﬁgl§@659§§seQ§§9H@Q§§thosing
into glucqgse and fructose by sucrase can be used 15 as
a“Paene agdusisg guicassrée ganasiel 36 the okadsseomaltose
”ﬁgggﬁlpo§££ ti%ﬂ:of iggg]cﬁi%l g%g&'ig §§Oé§ aassé Zda]fi %92) used as

Sucr ose- a- gl ucosi d

10 (8- fwekt of uranosi dase (EC 3.2.1.26). [0033] 20 In the
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fng3gfll usi ng (3-gal actosi dase as the deconposi ng
enzyne and usi ng gl ucose dehydrogenase as the oxi dase,

| 'act os@ tHEe ERRN0SED] @sh RO MEQS 8 A §8LAREOSEA P ¥nzyme
(3-gal act osi dase "can be used as a fuel. é) ym
and using glucose dehydrogenase as the oxidase, sucrose

decomposable into glucose and fructose by sucrase can be used
as a fuel. Sucrase is, more specifically, at least one member
-selected from a-glucosidase (EC 3.2.1.20),
sucrose-o-~glucosidase (EC 3.2.1.48), and
B-fructofuranosidase (EC 3.2.1.26).

[0033]

In the fuel cell using B-galactosidase as the decomposing
enzyme and using glucose dehydrogenase as the oxidase, lactose
decomposable into glucose and galactose by B-galactosidase
can be used as a fuel.

[6034]

For efficiently capturing the enzyme reaction phenomenon
occurring near the negative electrode as an electric signal,
it is preferred that the coenzyme oxidase, ccenzyme, and
electron mediator are immobilized on the negative electrode
using an immobilizer. It is preferred that the oxidase is

also immobilized on the negative electrode. Further, the




[0034] 25 For efficiently capturing the enzyne
reacti on phenonmenon occurring near the negative

el ectrode as an electric signal, it is preferred that
the coenzyne oxi dase, coenzyne, and el ectron nediator
are immobilized on the negative electrode wusing an
immobilizer. It is preferred {hat the oxi dase is 30

al so i Mmmobilized on the nega%lve el ectrode. Further,
the - - - --------- 11 deconposi ng enzyne for

d LAg_a pol ysaccharide may be i biljzed. on

RS CHABaCT vE BT Oals 46, SRR R e b1 ERLERAr Pl t0e may be
f mabby 1tiged cast e hegdt IRy e BbSOrbHee | AABRNLI A QR chReide
nggathxe el ectrode. 5 [0035] In the fuel cell using .
starenl¥dses ag e fuplhppryEinc ke imwbidigad crobrangegtive
byi1gekabikBi zi ng starch can be used. In this case,

there can be enpl oyed a nethod in which gelatinized
stlP@Rlis brought into contact with the negative

el ectr 10 havi ng, i mmobi lized thereo enz and
otheréﬁgg¥E%fH%¥H% ]'Fﬁlﬁﬁiﬁﬁaﬁ%?éFiﬁigggfsﬁbﬁéﬁgFénlzed
| oDbdll e obatihed N8P gl ue ingk el 9de:cH edathendad h 1n

an enzyme and others. \Wen using such an el ectrode,
t hBLS(EEEh kRt &8I B 1oy ache ethpdcen which elatinized

nggﬁéﬂei@lbg‘gb%ﬁgeiﬁ@é‘ e ent “&kﬂhmg%}egam g,-;eegla&%éde

t hat achiev en using starch’in

10 shhvingrdmmobhdieédrihercba aecommesi hhd@puheaet i ®f abjethod
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tPevggé me i.s faste and _hence the output is - )
i Hproved Ieda i ERL SRS 35 dmgBl1iFRd wasitsp pegative
hanelt erddan dgsehdti @0 Ul erBfheCafasbiid Y whbf v ing
fuel supplying system and, in“addition, the fuel cell
XRarrhelrsreadapsiive sgewchandnhenteat sorvemy the surface

a&';‘yac.rH@gl%%%l%lﬂéeugfgctJ:i'onc'l.emc):tétinI %edﬁ\elli)g el%igh, as compared to
that achieved when using starch in the form of a solution.
Therefore, the decomposition reaction by the enzyme is faster
and hence the output is improved, and further the solid fuel
is easier to handle than a solution fuel, and can gimplify
the fuel supplying system, and, in addition, the fuel cell
can be moved upside down and hence is very advantageously used
in mobile devices.

[0036]

The fuel cell of the first invention can be used in any
devices which need electric power and have any sizes, and can
be used in, for example, electronic devices, movable bodies,
power devices, construction machines, machine tools, power
generation systems, and cogeneration systems, and the
application of the fuel cell determines the output, size, or
form of the fuel cell or the type of the fuel.

[0037]
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[0036]. The fuel cell of the first invention can be
used in any devices which need electric power and
have any sizes, and can 25 be used in, for exanple,

el ectroni c devi ces, novabl e bodies, power devices,
construction machi nes, machi ne tools, power
generation systens, and cogeffration systens, and the
application of the fuel cell determ nes the output,
size, or formof the fuel cell or the type of the

fuel . [0037]. 12  The.electroni c device of the
secondég%véii?%ﬁ?ﬁ%&ydﬁglsgs?%aov? %ﬁff”gféﬁWFBHFSH may be
deeisdeal apdanyvel skt Raldh darri cel, eghd ot fo BRdd GRLRf ad

portabl e tgpe and an electronic device of a fixed .
t ?Er@f’t‘éﬁa,l S8ViFes pPWtahdicctyPe Redear ghepbrenic device

met EOE§Qe§eij:§|f§E,ararm']°%%ss EEEHL@ Qﬁ%rg;\%leess, RRYES can be
personal conputers, ‘garme Fac i nes, i c€s nount ed on
caent honsevsild ulappbhiarees mohnilei dultisters, arolpstoalupes sonal

e nmovabl e bod f the third i pvention may be
LSO 1t AR RO Mo e PRy oy BFEBoLa
| apbLileneed oMl ligSustwoanhgebedcevehi cles, aircrafts,

rockets, and spacecrafts. 0039] The power generation
sig?%ﬁqof the fourth invention nay be basically any

pover GRNREL A0 BUHI AL ALE TN PRVOR: £LI RBL b BaBically
| arge scale or a snall scale, and, as a f1uerl,

apuay yowebharbaly;, gad bpgeicdnpstmiple pohybadcbacbflebiles,
0 Wtfﬁhlife cag.bi used. 0040] The cogenerati on

SYEL S B ShEPLELRS | Rt SmayopkethadirchEPgcaAyatts.
cogener ati on system and nmay be on either a large 20

scale ora small scale, and, asafuel, apolysaccharide,
gar bagTéle power generation system of the fourth invention may

be basically any power generation system and may be on either
alargescaleorasmall scale, and, asa fuel, apolysaccharide,
garbage comprising polysaccharides, or the like can be used.
[0040]

The cogeneration system of the fifth invention may be
basically any cogeneration system and may be on either a large
scaleorasmall scale, and, as a fuel, apolysaccharide, garbage
comprising polysaccharides, or the like can be used.
[0041]

In the present invention having the above-mentioned
construction, a polysaccharide contained in the fuel is
decomposed by an enzyme into monosaccharides, and electrical
energy can be efficiently extracted upon oxidizing the
monosaccharides by an enzyme.

[0042] |
In the present invention, an enzyme is used as a catalyst

and a material comprising a polysaccharide is used as a fuel,
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conpri sing polysaccharides, or the |like can be used.
[0041] In the present invention having the
above-nmentioned construction, a polysaccharide
contained in the fuel is 25 deconposed by an enzyne
i nto nonosacchari des, and electrical energy can be
efficiently extracted upon oiéd|2|ng t he
nonosacchari des by an enzyne. [0042] |In the present
invention, an enzyne is used as a catalyst 30 and a
charide is used as

gﬁ%r&% el Ir]It ﬁ'ﬁ Y 5@%5# %%cﬁe%%‘ﬁ%\tb’trtg Bt S gehEs BPWﬁlj with

e Il’aghrelf(flraﬂ\&elbywsiﬂhg b @hy SfddHE8eYa 418 FE1 can be obtained.

%Pysaccharlde as a fuel can be obtained. The fue
SiF Thidece! t 668 ih RO Bikfig é@ﬂlyeé%ﬂvmtr@lcémlraq:cmwal

e'&%@% vi £050, T 8% (§ 7, éa%%gﬁgec&?{%% gf? L ar mount

amounf 5 of Ppol ysaccha us ena

ueil pq}aﬁmr:hﬁrm;@ bagas et hierg etflfécfttlleb meiiudﬂe&n of
n equi r imted ossi| fue and contribuytes_to
ﬁér%’e i 2 &4 ot?e&r FEsog C%‘}i&ﬂ%ﬁ G LE6HAES. 1ipited
ad dbtiDEudl pahySa6eri i IMbChhd SeaidbarWheut tre's%urce
eaten can be used as a fuel, and therefore 10 a fuel

CEFFC%H%&R%ﬁ%B@W us}féda‘éél‘«almblamphrwmamdﬁ Weich is
obt ak nAtky Ry tl'%eEgEEﬁ cér?rb a fuefuf?fSIag% thepgfore

gelatlnlze star fue
hanﬂh@l tdwdrl adsralrmtageaus Ty eisedila@ gamnoBi Pl phoaddie can be

su stem thus obtaining a fuel cel

% ou§u3 E‘éﬁ%}%@ & Frobrame e odlien. vathagelaséngred
t@tércﬁ%%@'é edl1f Uale ¢8Lh 1GADaE AL 1280 aNg than SOluthIl
hi gh- per f or mance el ectroni ¢ devi ce, nova

pboek - %Rﬁuﬂﬁﬂ|&mmpdy§Venheofu@bgﬂngmbumngwsgp$bmn1thus
Bcgﬂgflrﬁ":n%cgelf@e—ll lq:ag*\'r_'aEnt%%Aevc\)’u Yy used ngoaélrﬁcl)blle product.

The use of this excellent fuel cell can realize a

high-performance electronic device, movable body, power

generation system, or cogeneration system.

BRIEF DESCRIPTION OF THE DRAWINGS
[0043]

[FIG. 1] FIG. 1 is a schematic diagram showing the
construction of a fuel cell according to one embodiment of
the present invention.

[FIG. 2] FIG. 2 is a schematic diagram illustrating the
decomposition of starch and cellulose into glucose by an
enzyme.

[FIG. 3] FIG. 3 is a schematic diagram showing the
construction of a fuel cell according to one embodiment of
the present invention using starch glue.

- [FIG. 4] FIGs. 4 are diagrams showing the glucose




(FIG 1] FIG 1 is a schematic di agram show ng the
construction of a fuel cell according to one

enbodi mrent of the present invention. [FIG 2] FIG 2

is a schematic diagramillustrating the 25
deconposition of starch and cellul ose into glucose by

an enzyne. [FIG 3] FIG 3 ig a schematic diagram
showi ng the construction of a fuel cell according to
one enbodi nent of the present invention using starch

al ] : . ' .show ng_the
oot B e e s 3Tt B RER 1 B 2 Bnb it o
dithecswofaqreofende diedr el ect tdibe dur theef1efl thEl fatRlording
e%gpt&gdg in £he gu%é gﬁ{l accordLng to one

ebodr e ROt THT s ddif PFRFEREI ORVERRICE- 5] FIG 5

are di pgramat i 1yl e rehavStad@nd Ul viewsAEhELAYS o fuel
used in _the fuel cell according to one enbodi nent™ o

t FBTpF edentusai dnt Flom £yl celb]adua@digig sogone embodiment
dbageRIMBEL LoVl S JQfr P! @i ni ng -~ a method for

suppl yi ng a.?uel to the fuel cell according to one
embodi RNGt. 6f tIREC preesend dinvanrinineniclOigkl r SkpkhGning

7_is d'% rammat|j c, view for explainina a_ et hod for
sﬁp’b‘?"&ﬁ% gﬂ‘f ﬁ%PPﬁc%l?%e’" fuel cRiiheadeslarall tarcogddng to
eohe dediiindnd RE RHRSEPEsLAVEtIOi1d, 1 G 8] FIG 8

is a diagrammatic view for explaining an exanple of

10 {he nelt For Bifppliyiag difgebmnettibhevierelfoekkpldfning
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PEAHHPO R SgS IR ERENa Lt S, RugTr e LAty to
amod heboeidargpite odf thhepresdnd frorermuirpl ying a fuel to

the fyel , cell according to one enbodi ment of the
present 1envBht ifoiF - BFE®.2 FOpOrREmathe) giew fioagesniaining

siwwkBRp i 86 ealldet Hfd for supplying a fuel to the fuel cell
according to one embodiment of the present invention.
[FIG. 9] FIG. 9 is a diagrammatic view for explaining
another example of the method for supplying a fuel to the fuel
cell according to one embodiment of the present invention.
[FIG. 10] FIG. 10 is a diagram showing the results of
the CV measurement in Example 1 of the present invention.
[FIG. 11] FIG. 11 is a diagram showing a change of the
current density with time at a constant potential 0 V of the
working electrode relative to the reference electrode in the
electrochemical measurements in Examples 1 and 2 of the present
invention.
[FIG. 12] FIG. 12 is a diagram showing the results of
the CV measurement in Example 3 of the presént invention.
[FIG. 13] FIG. 13 are diagrammatic views of a fuel cell
used in the evaluation in Example 4 of the present invention.

[FIG. 14] FIG. 14 is a diagram showing the results of
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20 the CV neasurenent in Exanple 1 of the present

invention. [FIG 11] FIG 11 is a diagramshowi ng a

change of the current density with tinme at a constant

potential 0 V of the working electrode relative to

the reference electrode in the electrochem ca

nmeasurenents in Exanples 1 apd2 of the present 25

invention. [FIG 12] FIG 12 Is a diagram show ng the

results of the CV neasurenent in Exanple 3 of the

pr. ' L. 131 _FI 13 are.diagrapnmptic

D e AR O e BTt el CpRRGRE PO Toe SR kR Irge]

4 csfl 1t Bee@r esetie i weEntdtdon 130kl e 14] of ltBe HA-dsent

di,agram.showi ng the results of 15 the neasurenent of

cdfERt*9UBt t age characteristics of the fuel cell used

in the evaluation in Exanple 4 of the present

invention. 5 BEST MODE FOR CARRYI NG OUT THE | NVENTI ON

[ B&EE] MPRE F b JARRY Idige OVTH HENENVENTIOMe present

i nygpkjon will be described with reference to the

acconpanyi ng drawi ngs. [0045] 10 FIG 1

di agr ammetintelloy, shevendod iein e thapeesdhPentent Wil

egboalneni of the present invention. As shown in FIG

1Pet RS TR efithe SiRpPIreBS e ate ulhe e eramnsdy inge dapiviags .

elfggispde) 1 which deconposes a pol ysacchari de

supplied as a fuel using an enzynme to get el ectrons

and géi¥éral edirataamm tlisallly) shaws el €aklotylE daayerdidg to
Lch: conducts onl rotons, and an air electrode

\(A%%éi ?‘?"v‘%ﬁe Do Pgdﬁlj‘g PYHICH 9VeB5APEt edS SHOWY AB FIG.

fueltied emtgiode1l bymphesekest f@yt&é&)ﬁ%{de&(néggt%é ch

forms water from protons transported fromthe fue

cFEetRAe) 1 vhishgleqamrasiescer pplysadeharids supplied as

e} §l10onsi ASdd ERRALG BS{: electrons and generate protons

(H') , an electrolyte layer 3 which conducts only protons, and
an air electrode (positive electrode) 5 which is separated

from the fuel electrode 1 by the electrolyte layer 3, and which

- forms water from protons transported from the fuel electrode

1 through the electrolyte layer 3, electrons fed from the fuel
electrode 1 through an external circuit, and oxygen in air.
[0046]

The fuel electrode 1 comprises an electrode 11 comprised
of, e.g., carbon having immobilized thereon, by an immobilizer
(e.g., a polymer), an enzyme responsible for decomposing a
polysaccharide into monosaccharides, an enzyme responsible
for decomposing the monosaccharide formed, a coenzyme (e.g.,
NAD" or NADP') which forms a reductant due to the oxidation
reaction in the monosaccharide decomposition process, a
coenzyme oxidase (e.g., diaphorase) for oxidizing the

reductant (e.g., NADH or NADPH) of the coenzyme, andanelectron




20 el ectrode 1 through an external circuit, and oxygen
inair. [0046] The fuel electrode 1 conprises an

el ectrode 11 conprised of, e.g., carbon having

i mmobi li zed thereon, by an imobilizer (e.g., a

pol yner), an enzyme responsi ble for deconposing a 25

pol ysacchari de into nmonosaccf@ri des, an enzyne
responsi bl e for deconposing the nonosacchari de

formed, a coenzyne (e.g., NAD or NADP' ) which forns

a ue-tq t X] Lon - reacti in.the
ngﬁgggg%ﬁg%F é'ée%gﬁggs?tF%ﬁ£%$¥ﬁ%ﬁﬁ5%%§h%%83H%§ﬁ%e;ACNQ’
ovirdaseariion §3) foapharasand ol coxiah g igagetBee30due to the

regg ggné (%f . NADHorNADPHL of the coenzynme, and an
el"ectf I @ Sosnzyme from the coenzyme oxidase and

(@eiveraif nhe3-Gahedysl c6- pRPN NAqUi RN ;ACNQ  or
vitamin K3) for receiving electrons generated due to
5 {11894%ki dati on of the coenzyme from the coenzyme

oxi dasg, Lver. electrons to the el ectrode
11 5 TRy Rt S RS s erafefiae S0hre

conpesasshanigiesr bonded pogesneeharkdeplbandedthe

toget her. Exanples of the, polysaccharides include

dP%g%%?w%‘%ffacFe@,ess &Fﬁgﬁgenﬁw%%“el}amsd&sﬂo%?haﬁél metbees:

SEaE bk UM 1 5 15 &MY b i d

and anyl opectin havin%9§£%§§ﬁéﬁéﬁfﬁéﬁég¥ﬁi§ﬁgJgﬂégwﬁﬁ%ar
10 hnglegibiee @iidapmyllppegehn haav i an kenayichpdc mbhekike,

Lecw e, cellul ose havi a linear.
E PR e eI U Fao il bEVORE Pl Fhath it B s Bppuched
[08K8]u1 €] ScAsl Ao RNEYFENdG 8 IRRRSIFIMS QM JeGUBASERS: Bdes
ysaccharide, a deconposing enzyne capabl e of

pol .
cift tiHGTaegr¢EBSi BBerepkage by hydrolysis or the like
| pogsgd. Wien the pol ysaccharide is starch, exanples
of the deconposi ng enzynes incl ude
15 As anenzyme responsible for decomposing a polysaccharide,

a decomposing enzyme capable of cutting a glycoside linkage

by hydrolysis or the like is used. When the polysaccharide

is starch, examples of the decomposing enzymes include

hydrolases, such as glucoamylase (EC 3.2.1.3), a~amylase (EC
20 3.2.1.1), and B-amylase (EC 3.2.1.2). Among these,

glucoamylase (GAL) decomposes starch into glucose. EC

indicates an enzyme number.

[0049]

Other polysaccharides can be decomposed by, for exanple,

25 the following decomposing enzymes.

[0050]

<@lycogen>

* Glucoamylase (EC 3.2.1.3)

¢ g-Amylase (EC 3.2.1.1)

30 <Dextrins
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hydr ol ases, such as gl ucoanyl ase (EC 3. 2.1. 3),
a-anylase (EC 20 3.2.1.1), and (3-anylase (EC
3.2.1.2). Anong these, glucoanylase (GAL) deconposes
starch into glucose. EC indicates an enzyme numnber.
[0049] O her polysaccharides can be deconposed by,
for exanple, 25 the follomﬁm? deconposi ng enzynes.

[ 0050] <d ycogen> A ucoanyl ase (EC 3.2.1.3)

a- Anyl ase (EC 3.2.1.1) 30 <Dextrin> 17 G ucoanyl ase

(ECe3ul < l.ose> ,,Cellulase (EC 3.2.1.4)
Exoce?l%%T%%@%%ﬁé%yEE%'ifé)l.91) 5 13-d ucosi dase
(BCe31nleses) Here, enzymes capabl e of hydrol yzing
cel Lulpse are,_callectively referred to as
"Ee#?iééééﬁg R Sxagmpl-84 of cellul ases, there can be
menkxocerh dbiv1RReR t Nizeest YpesSepf  enzynmes, and

cel | ul ose can be deconposed into glucose in the 10
pP Behicstidase d56t 30Reln@hber sel ected fromthe

P28 SRl e 2R e e
acplent suehosmferkedvisbt aser canl beagleconpesedamps8s hyr
gégffﬁiggégiethgggsg n ﬁgs%%ggig;ed the above three types of
enzymes, and cellulose can be decomposed into glucose in the
presenceofatleastonememberselectedfromthethreeenzymes.
[0051] |
<Maltose>
* a-Glucosidase (EC 3.2.1.20)

This enzyme is alsocalledmaltase, but it acts on sucrose.
Maltose can be decomposed also by gluccamylase.

[(0052]
<Sucrose>
* 0-Glucosidase (EC 3.2.1.20)
* Sucrose-o-glucosidase (EC 3.2.1.48)
* B-Fructofuranosidase (EC 3.2.1.26)

Here, enzymes capable of hydrolyzing sucrosge are
collectively referred to as "sucrase”. As examples of
sucrases, there can be mentioned the above three types of
enzymes. Glucose can be formed from sucrose in the presence
of at least one member selected from the three enzymes.
[0053]
<Lactose>
* B-Galactosidase (EC 3.2.1.23)
<1,3-B-Glucan>

¢ Glucanendo-1,3-B-D-glucosidase (EC 3.2.1.39)
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a- d ucosi dase (EC 3.2.1.20) Sucrose-a-glucosidase (EC.
3.2.1.48) 20 13-Fructofuranosidase (EC 3.2.1.26)
Here, enzynmes capabl e of hydrol yzi ng sucrose are
collectively referred to as "sucrase". As exanpl es of
sucrases, there can be nentioned the above three types
of enzynmes. {d ucose can be fjgrned from sucrose in the
presence 25 of at | east one nenber selected fromthe
three enzynes. [0053] <Lactose> (3- Gal act osi dase

(EG,3-4vind3bsesl, 3 -13-A ucan> 30
A ucanendo- 1, 3-13- D-gl ucosi dase (EC 3.2.1.39) 18

<a, &~ ¥rfhehatzse E@3Teehabkase (EC 3. 2. 1. 28)

ag a- Trehal os hosphoryl ase (EC 2.4.1.64 <St achyose>
5% ?%%ﬁ%%?é%g@PPEEYé?§?115§)2-%rki%ﬁosidase (EC
3<BtacBPpsesd ucosi des> (3-d ucosi dase (EC 3.2.1.21)

FIG 2 shows an exanple of the deconposition of starch
10 #ndatattegicked (E6 gl acds@2by an enzynme. [0054]

They epzy. aﬁﬁgégpﬁﬁbbgezfggﬁggconposing a

nonosacc i'ncl udes xi dase that participates
i AGLlhecskdex>reaction in the deconposition process.

Vh he palysaccharide is 15 starch, glycogen,
céﬁ?ﬁ% Flg¥sﬁaﬁFSs%;2t%élﬁbnosaccharide forned by

hydr olBnss.s 20§héiie aRPOLYSRAGEHAS# 4§ d aegbﬁﬁg@thicﬁ{]%‘f starch
and cellulose into glucose by an enzyme.
[0054]

The enzyme responsible for decomposing a monosaccharide
includes an oxidase that participates in the redox reaction
in the decomposition process. When the polysaccharide is
starch, glycogen, cellulose, Oor maltose, the monosaccharide
formed by hydrolysis of the polysaccharide is glucose, and,
when the polysaccharide is sucrose or lactose, glucose
constitutes half of the monosaccharide formed. As an example
of an enzyme responsible for decomposing glucose, there can
be mentioned glucose dehydrogenase (GDH). The use of this

.oxidase can oxidize B-D-glucose to D-glucono-8-lactone.
[0055]

Further, the resultant D-glucono-8-lactone can be

decomposedinto2—keto—6—phospho-D-gluconateinthepresénce

of two enzymes, i.e., gluconokinase and phosphoglucconate

- dehydrogenase (PhGDH) . Specifically, D-glucono-8§-lactone

is hydrolyzed into D-gluconate, and D-gluconate is
phosphorylated by hydrolyzing adenosine triphosphate (ATP)
in the presence of gluconokinase into adenosine diphosphate

(ADP) and phosphoricacid, thus forming 6 -phospho-D-gluconate.
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when the pol ysaccharide is sucrose or |actose, glucose

~constitutes half of the nonosaccharide forned. As an

exanpl e of an enzynme responsible for deconposing

gl ucose, there can 20 be nentioned gl ucose

dehydr ogenase (CGDH). The use of this oxidase can
oxi di ze (3-D-glucose to D-gl ggono-S-1actone. [0055]
Further, the resultant D-glucono-8-I|actone can be
deconposed i nto 2-ket o-6-phospho-D-gl uconate in the

PreseReeul 2anefs Iﬂﬂb%—'ﬁ 1uic'ofxaﬁa%$;§ Cg’g%g#,%}s% and

phosphogl uconat e 'dehydr ogenase Al ly,
D2gkg&en6-8he st gliwdnadeoldyeedoi the &xtglatc efabaidase
a%@GBHgluconate is phosphoryl ated by hydrol yzi ng
adenosi ne triphosphate (ATP) in the presence of
glleesadki nase i nto adenosi ne di phosphate 30 (ADP) and
phosphori ¢ acid, thus form ng 6-phospho-D-gl uconate.

19 ThE? PESYFEaRt Bt PR GhaVs: BegPiretidtion Brogess zgdutose

sk ey YL PR S4B A Ao o

d&berirsesinpiosn t hpon gesSiesy utbiiz i marabBoHPasaPe 3edabbl Qsm
O utlli.zing.carhaohydrate tabolism, The

doRorR L SiFed2dtd BhFr Srageas Hoiguih g1ucose and
mebahot iGinofi pyEoHoB! ¥ Ld asSidiseda @ifc@%%&@%‘tﬁahgg' and
of glucose and formation of pyruvitT acid through a

gf ytot iyl pathdaihand aoe awidAly olam aedcthesesgseens .
W glgdy; known reaction systens. [0057] The oxidation
reaction in the nonosaccharide deconposition process
accomiel egidat boiCtéadt I@ACH @heOfiodos&0ERZY @ The

coenzyne i s determ ned al nost al ways depending 15 on
t‘%eecoe‘ﬁ%‘iﬁiélﬁge&m%%ﬁ ARTEAPRRA €8 yREVUrs iepHeagon of a

LkS@éhzyme - The coenzyme is determined almost always depending
on the enzyme used, and, when the enzyme ig GDH, NAD  is used
as a-coenzyme. Specifically, when GDH causes f3-D-glucose to

be oxidized to D-glucono-&-lactone, NAD' is reduced to NADH
to generate H'.

[0058]

The resultant NADH is immediately oxidized to NAD' in
the presence of diaphorase (DI) to form two electrons and two
protons H'. Inother words, in the oxidation reaction on the
first stage, two electrons and two protons H' are formed per
one molecule of glucose. In the oxidation reaction on the

‘second stage, four electrons and four protons H' in total are

formed,
[0059]

The electrons generated in the above process aredelivered
from diaphorase to the electrode 11 through an electron

mediator, andtheprotonsH are transportedtotheairelectrode .
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as a coenzyme. Specifically, when GDH causes
(3-D-glucose to be oxidized to D gl ucono-S-1actone,
NAD is reduced to NADH to generate W [0058] 20 The
resultant NADH is i medi ately oxidized to NAD in the
presence of diaphorase (DI) to formtwo el ectrons and
two protons W In other worgg, in the oxidation
reaction on the first stage, two electrons and two
protons H are forned per one nolecule of glucose. In
t ke e i- r [ t 5,second stage, four
eIectrgﬁghaggefgﬁgé%§g¥§%§laﬁe%n3fotaI are forned.
[ d099P] The el ectrons generated in the above process
ase to_the el ectrode 11

are df%ég geg froHEd%gﬁaoi

t hr ough® an- el &gt Foh*3 B AYSYS SARATTARS pPétE Rl aqsrede.
t madsphet edlt&gé NeF aide ehest rede d8peRat NEough the

el e¢trolyte layer 3. [0060] The electron nedi ator

dEFF-FaF §0RT Bedneron ot fet tabeifi bhe, elemfdonheeditage In
obehbe | C n_t oxi dat i on-reducti on
pofentid#ﬁ% '??éfe e%@ggﬁgn%dﬁggg?? Yé?*%ﬁ%nuaamsﬁ8§?r°n
f oedbdter hamgng aniayeeregsalitvageyt cart iel1esi £ B FuBE @il ateFode
having a nore nggg{ive potential on the fuel electrode
1770 itS BFeferdpty) ssdretedd, PHutthensepehieor @ffinity of
at hé nillertelon hB&:iStSEWiIRR SR AL ' AR

el ectron e;ghangé 10 rgie for tﬁ@&grgggr%%% 11, tﬁghgﬁge
st tife Halsillsatyode Lhe the estrwrturedisabbilioyanf the

SLOLORIASERE (SUeD 85k B0 Lo 2098 SYLLRE o
pokydernf, ahéwheasikd mekedd 0akaRdirti0EohOTadhe ifel From
electrode 1, for, exanple, ACNQ or vitamin K3 is
p?%ﬁ%ﬂﬁ%ﬁft of view, as an electron mediator for the fuel
electrode 1, for example, ACNQ or vitamin K3 is preferred.
Alternatively, a compound having, e.g., a quinone skeleton,
a metal complex of Os, Ru, Fe, or Co, a violegen compound,
such as benzyl violegen, a compound having a nicotinamide
structure, a compound having a riboflavin structure, or a
compound having a nucleotide-phosphate structure can be used
as an electron mediator.

[0061]

For achievinganefficient and steadyelectrode reaction,
it is preferred that the enzyme, coenzyme, and electron
mediator are maintained at pH optimum for the enzyme, for
example, pH about 7, using a buffer, such as a Trie buffer
or a phosphate buffer. Further, too large or too small ion
strength (I.S.) adversely affects the enzyme activity, and,
from the viewpoint of achieving excellent electrochemical

response, it is preferred that the ion strength is an

appropriate value, for example, about 0.3. The enzymes used
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15 Alternatively, a conpound having, e.g., a quinone
skeleton, a netal conplex of Os, Ru, Fe, or Co, a

vi ol egen conpound, such as benzyl viol egen, a
conmpound having a nicotinam de structure, a conpound
having a riboflavin structure, or a conmpound having a
nucl eoti de- phosphate structupg can be used 20 as an
el ectron nmedi ator. [0061] For achieving anefficient
and steady el ectrode reaction, it is preferred that

tﬁelda%aﬁﬁ%,n?%%y t LaL.QL sare
mai nt ai ned at pH Jg??ﬁgﬁ?T§$§?ﬁgﬁgﬁggﬁg?§&§?lfgStrength’
exé@fphence hgpl end, iars shgengbifsfrer nosddmiasdadlths above
byf.fels or a phosphate buffer. Further, too large or

too small ion strength (1.S.) adversely affects the
efdogwelactivity, and, fromthe viewpoint of achieving
excel l ent el ectrochem cal response, it is preferred
that theeiBFYEEr eFRATFYTE aAnG (e asmopr had et mey Housed

exanphe. r&hpur 9. 31 enzy 1. ipdividual.l
have the opti num pHuEr}gmt Eé op |ér?ﬁe%d'i %r‘ﬁltét r%%getf%l:iCl ﬁ&ly
heapeurheg pHicardzive dactrighhpheton@ion iodicedihg e the

a val ues, 062]. 5.The_enzyne, coenzyne, and
cPEeFreiidtian bIoRel o8 1a88n. it e cRorrEor et At least
sthetdoen ziyed Wbk andte o f 08+ 854 e §RELY ag% Q?ﬁgfﬂﬁ]@zed

the enzyne reacti on phenonenon occurring ne
ePRCErR el et rodee L dche i =g singriaimobiift izsrpr éftenT ¢diet batyme

a i dase and the _el ectragn .

ot BB bnph g N T Y085 En e B 2B EibE Tmgei pgmea

apn | tirp lilleicrende Wien thheepBidBre 1 HEEOBPORI 410 tRe fuel
are further inmobilized on the

fuel and.the coenzynme
e‘%ﬁ%‘f%%%e if:”‘n?’ﬁ@ vrEefeachs bhe dyuelid brex hEorf geample,
Z%(?@nﬁ]fmew@h@wm ldAgA T, A B8 (PEPPIdd £ R wEQ8 in
combination. Theymaybeusedindividually, orother polymers
may be used. Byusingan immobilizer comprising a combination
of glutaraldehyde and poly-L-1lysine, the enzyme immobilizing
abilities of the individual components can be fullyutilized,
sothat the immobilizerexhibits collectivelyexcellent enzyme
immobilizing ability. In this case, an optimum ratio of
glutaraldehyde topoly-L-lysinevaries depending on the enzyme
tobe immobilized and a substrate of the enzyme, but, generally,
theratiomaybearbitrary. Specifically, aratioof anagqueous
glutaraldehyde solution (0.125%) to an agueous poly-L-lysine
solution (1%) is 1:1, 1:2, or 2:1.

[0063]

FIG. 1 shows an example in which the polysaccharide is

starch, the enzyme responsible for decomposing the

polysaccharide into monosaccharides is glucoamylase (GAL)

whiqh decomposes starch into glucose, the enzyme responsible
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gl ut ar al dehyde (GA) and poly-L-lysine (PLL) can be
used in 15 conbi nation. They maybe used individually,
orot herpolynmers rmay be used. By using an i mmobilizer
conprising a conbination of glutaral dehyde and
pol y-L-lysine, the enzyne imobilizing abilities of
the individual conponents caggbe fully utilized, so
that the immobilizer exhibits collectively excellent
enzyne 20 inmmobilizing ability. In this case, an
0 I I de.t ol v-L=1ysine )
R i S I e LR T R SR
agéub‘@ﬁﬁadehr)fﬂrw@mym bhuthegeaenajhey ,whidle fcakisOa

t . ecifjcally, aratioofanaqueous
ot BRI RS SR G ke L AfAdbARP baccharide

pdley:ehpr!;StI@n P& AtioNab1$)r Hes cjoeqmzKT’L e2ox98ade Lror
[0063] .FIG 1 shows an exanple in

p8|"§r§é€é%%r$%‘%ﬂ ivehicdy desclivhet hedengmﬂe m%msuokdneymer is
d .0 nD sacchar
O a1 2aF - R YRS IRRE AR Ao R R AR AP R rom
gtt}e genziyme cenz:‘;am ¢ bspaneidyendlat DHudecOiRO Skibat ion

ﬁ nosaccharl ({ rrmed (0-D-glucose) is | ucose
de y 6&5&0 EriganAmeLaRFEANT sPnhq electrode

reﬂuggann«ﬁue to t he oxidation reaction in the
nnnosaccharlde deconposition process is NAD, the
68%%4de oxi dase for 5 oxidizing NADH WhICh is the

r educ t enzyne J s di a hor Dl and the
eIectp%%iEféfégﬁ?ﬁ%%?a¥ecelb?ﬁ@mp gdﬁ%ﬁ??ﬁ&-Wthh
oké dapeoebretondScigaRe aindeaduerd© ﬂrﬁ%s@&'ré@h?%‘rotggns H

the coenzynme and delivering the electrons to
‘?a&?é'l: 31104 TACEl e Toip 4] tTHd e rétt ¢ bt giodeaeand

%ﬂﬁl‘PHHE ioS€e &f r éh &hl omkgger{:fe and can transport

pr ot on- conducti ve nenbrane nspor I'ng protons
protons H'. Examples of the electrolyte layers 3 include

layers comprised of aperfluorocarbonsul fonicacid (PFS) resin
membrane, a trifluorostyrene derivative copolymer membrane,
apolybenzimidazole membrane impregnated with phosphoricacid,
an aromatic polyether ketone sulfonic acid membrane, PSSA-PVA
{(polystyrenesulfonic acid-polyvinyl alcohol copolymer), or
PSSA-EVOH (polystyrenesulfonic acid-ethylenevinyl alcohol
copolymer). Of these, preferred is a layer comprised of an
ion-exchange. resin having a fluorine-containing carbon
-sulfonic acid group, and, specifically, Nafion (trade name;
manufactured and sold by Du Pont Co. , U.S.A.) is used.
f0065] ‘
The air electrode 5 is comprised of carbon powder having
a catalyst carried thereon or catalyst particles which are
not supported on carbon. In the catalyst, for example, fine

particles of platinum (Pt), or fine particles of an alloy of
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the

generated at the fuel electrode 1 to the air el ectrode
5 and which has no el ectron conduction properties and
can transport 15 protons H . Exanples of the
el ectrolyte layers 3 include |ayers conprised of
aperf luorocarbonsul fonic acid (PFS) resin nenbrane,
a trifluorostyrene derivativegcopol ymer menbrane,
apol ybenzi m dazol e nmenbrane i npregnated with
phosphoric acid, an aromatic pol yether ketone
S fteaheiachHs n'f@:rglr ARRchPRA FYA g , nlﬁk 1 (Ni), cobalt
(polystyrenesulfonlc aci d- pol yvi nyl "al co F
c o6 yn@F)rUt&enlpssAREVO-ﬁchﬂ)mlmuymmr@s wrf omiide are used.
a I ohol ne
p?g@e%gdé lfasl@gola)éyg?ﬂl%onprs t§é18 gaﬁ’rlgq %agxcﬁ‘%geé‘ample'

r @swathaysngoﬂ 4 |atard Ineste ARty N cBEpL 8680 b SM AR Howder
acid grou and, specifically, hbflon (trade nane; 25

mSSP ¢ SAEPLvFH B PEFbAE [Easion) 1gyAT) compubeetl of
[ao_ﬁéi:oama%enelhgeéwgf 2rd $tGOIRE1 564195 89&9?%1:011} the

powder having a catalyst carried thereon or ca
p&ﬂ?FEF@]sYlvmﬂ@HeHrksmet Sthepst teck ure oﬁrﬂ]m.au.i:raaltel&erode
c , k ne .30 particles of platinum
%t?é%tt F‘ﬁétgéa% s oﬁngna%ﬂwoaﬁgﬁgtaae can be used

t pansidtiadgstet aln tlS:LEIBaQé thebx b8Yedidt ksl afdbhelectron
cobalt or ruthenium (Ru) , and platinumor an

oRFAERER ‘éf8§e@ellW?ﬁ#QﬂdeLﬂq@@Pﬂédé>5hﬁaslacsr®@@ﬁumeused

sughcdhidtnadi@r exanple, a catalyst or a catal yst
| ayer conprised of carbon powder 5 conprising a

chP@f§ist and a gas diffusion |ayer conprised of a
porou gﬁbon na erial are stacked in this order from
e

| T A 3! PEYEPIS 31 #EOLPRE Bt Frew Uhe eferkgolyte
alaiy@& 8CindDeecOrbss Tlon LA tﬁ%lté)l%&x%dea@ édlice oxygen

oxi dor educt ase can be used asacatalyst. |nthiscase,
tHe b4 dar Ehecprseennd aff @l extalystlRonddivat entéor
dggéyﬂrlng el ectrons to the electrode are used in
conbi nati on
Inthe fuel cell having the above-described construction,

when a polysaccharide, such as starch, is supplied to the fuel
electrode 1, the polysaccharide is hydrolyzed by an enzyme
into monosaccharides, such as glucose, and further the
monosaccharide is decomposed by a decomposing enzyme
comprising an oxidase. The oxidase participates in the
monosaccharide decomposition process to form both electrons
and protons H' on the fuel electrode 1 side, making it possible
to generate an electric current between the fuel electrode
1 and the air electrode 5.
{0068]

In the fuel cell, the type of the decomposable

polysaccharide is determined depending on the type of the

decomposing enzyme held or immobilized on the fuel electrode
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[0066] At the air electrode 5 protons H fromthe
electrolyte layer 3 and electrons fromthe fue

el ectrode 1 reduce oxygen 15 in air in the presence of
a catalyst to formwater. [0067] In the fuel cel
havi ng the above-descri bed construction, when a

pol ysaccharide, such as stargh, is supplied to the
fuel electrode 1, the polysaccharide is hydrol yzed by
an enzyme 20 into nonosaccharides, such as gl ucose,

and f r hari de.is gdeconposed b .
doconst ag" Eagyrd BRAEREETA, o B1 S TR RR Db nshasiges
pamst isépates fwel henzymresaothardgietdeeoyPastdm®ling the
process to formboth el ectrons. and grotons H on the

f G YEPECRITHES 28 P die L dhak AAEoPE L haed PRl heBued electrode
genetiaie i aprev e : n t-he .

electrodé ﬁi an Jhe g?éigﬁgé??%§g§5.:?b%é§f£l?%’?ﬁgbage
f @&l theliketdmn bgpesed ashe fledonpasasrate electric power,
p ' I.s, determ ned depending on the type of
R e e Sy T Rt BF ot ik o5 e e

osing enzyne

fdebeel ectrode 24 1. When a mixture containing a

pluralig¥ of pol ysaccharides is used as a fuel,
enzy e S FEETMBEBect ¢ efyo R dBIRjoseAd £ha use as a fuel a
b VPR ERirides hal, ¢nde i ny i uel

g?ect[ode f} t hus ?gp%gV¥%be?%ggyu%%ﬁ%hé§%?@ﬁ€%{lfnsafe
adfaRt ilénis eatrige aBidofuthet idem @ankber useth asmpefaehre,
t e electric_power enabling _effectiyve .
e A} S 0BT, RS BRI b R in Tipgagproducts . with
FmSﬁEJ’Umbe;héh@nQEQYGdéxﬂﬁt}C%ﬂta(i@l%du%_eﬁsuéifl&e% a

pol ysaccharide having a high energy density, which is
K& sarghardAeias 3 Sueht sakiamgopked Wbiteam casrsaraexample,

MAUML8IRE H WS rch contained in about 100 g of cocked rice
(corresponding to one rice bowl and about 160 kcal) corresponds
to the energy of 64 AA-size alkali dry cells (about 3 Wh per
cell), which is a high fuel energy density equal to or more
than that obtained from a glucose solution. Polysaccharide
as a fuel can be used in the form of an aqueous solution, but
there can be employed a method in which the polysaccharide
‘is gelatinized like starch glue and brought into contact with
the fuel electrode 1 or a method in which the polysaccharide
is disposed within the fuel electrode 1, and thus a solidified
fuel canbe used in the fuel cell » which is further advantageous

to mobile products. Glucose has a problem in that glucose

- having a small diffusion coefficient, as compared to methanol

or ethanol, is disadvantageous to a fuel-molecule diffusion
controlled reaction which proceeds when the glucose is used
as a fuel in the form of a sclution. However, when a method

-in which starch is gelatinized and brought into contact with
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and therefore is advantageously used in nobile
products. Wth respect to the energy density obtai ned
when using a polysaccharide as a fuel, taking cooked
white rice as an exanple, the energy of starch

contai ned in about 100 g of cooked rice 15
(corresponding to one rice bggA and about 160 kcal)
corresponds to the energy of 64 AA-size alkali dry
cells (about 3 Wh per cell), which is a high fue

energ it to_or n that obtained
:Eglm g"“g u%?osc\e{: rs%ie iOn? %&E‘h‘gﬂ% stazch %%le€8ﬁed

bmumed thet beet osfm@from aq480HSp BOY & | chhe hita 26

there can be enp ed a nethod in which the

pSP?gﬁf}Eﬁ%H% 01} st PREEFATS e Itiee fardr ehegtlcmd@rid or in
beaughAle] LR £QBHAC t LcBl8cLtLode

nmet hod ?n V\:hIcCh téeft p\qa;i/nlsaégcg?% ﬁ' Y9 sS edc%%%%%tor aQGJtor’ﬁ Fen
t ke ¥ertl hdpbet soddat, thadutpus: assoﬂlpﬁwededasfmpa&@a to

_ e th uel cell h.is further

agvgﬁt%%ﬂeloel}fs cggrthteg Hobi¥ eStrﬁ’?f&bdf’st & fepeeehas sglution.
pInkidamtiont habol 4COERI Fhay| RGch STBEL-Gh I iUS! Ok casier
coefficient, as conpared to net hanol ~ or ethandl’, s

dFRaabdhe shenad i 18 Fusdl,-ans cous Enmnﬁ}usm@ fiuel supplying
coOM Q) | r [ P 2gds, mh ucose. s,

uﬁ%% &is%%dfg EI%Q€%Pb§P¥-é€ 296 egn %§§E§~ §11%s
vl edreohebid@ prodditch. SFAGCIR kBogelat ERh#STe Q.Bldwhlch

br.ou nto_contact wiith 25 _ the fuel electrode 1 or
Sta%q”“oai. PR WRSch Bieh df FemehShirast onvl e ifnedhel eglerode

el ectrode 1 is enployed, the starch concentration on

the surface of the fuel electrode 1 or in the fue

el®ttlode 1, nanely, the glucose concentration can 5
roved, as

be ke i 0
corrpaEH(;,lgIHtEscgj“%uictq{laﬁl a%llésv% fi‘cﬁsl?l‘aﬁéggt%ﬁ BReffs pefuel,
freng Dic@ses obnténtrat 1dh 8fdhk AbfeSOF kbl RA 18t trode

such as starch glue, is easier to handle than a
I Qi &7 bR, fugh C&FEIPABI T fgan the fgmit baphl yamgrompared

zt)eblgilt—ﬁ?% oﬁﬂglhga%ﬂén b8 XS LY uREEECH 148, Woen L8 L 88l 11 qe
as a fuel. Specifically, for example, amylose contained in
starchcomprises several hundred to several thousandmolecules
of glucose bonded together, and, when one molecule of amylose
as a fuel molecule arrives at the surface of the fuel electrode
1 by diffusion, the transport speed of glucose to the surface
of the fuel electrode 1 is several hundred to several thousand
times that achieved when using glucose as a fuel. In other
words, theuse of starchasa fuel makes it possible to transport

glucose to the surface of the fuel electrode 1 at a higher

speed.
[0071]
FIG. 4A shows a state such that a CA measurement {in the

measurement of a change of the current with time at a constant
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10 applied to nobile products. FIG 3 shows an exanple
in which starch glue 6 as a fuel is imobilized on
the fuel electrode 1. [0070] When starch which is a
pol ysaccharide is used as a fuel, 15 the glucose
concentration on the surface of the fuel electrode 1
or in the fuel electrode 1 aﬁg be kept high, as
conpared to that obtained n using glucose which is
a nonosaccharide as a fuel. Specifically, for

nyl ose contained in starch conprises

SR AT ik 082 5 Tt aEct HodS Aoty mEv et b s L6 a
glaiEESe 1 BANESHL + SURID Qb a t)d w2l 8806 LB £EU %ace :

anyl ose as a fuel nolecule arrives at the sur
tIﬁ?nFééplége%¥¢¥ﬁheanﬁIQ#HQOhmwéaeﬂ th)tu&mn@p@ni

S f the sur.f e f el ectrode
RAET e 1M PR D o e e M i1 AR A iR A D)
a@hdewhtboﬂee@eh&sdlﬂg;sﬁd@$@DﬂS itmioweh i zb 8 B Piek ea.%ctrode

mgaq? t he us! e _qf starch as a fuel nmakes it possible
A ABpEMCPIdiges ] ¢ Sl utAdtnzd 10T lenmphyspd of time

ehaatlra%@dl(ﬁffals%ah%nt%e@fgd s[tQQ(Z}] {m%ﬁ—@ﬂy%% 4B

a state such that a CA neasurenent
nﬁh@ﬁ?éﬁéﬁﬁt@fS@chhéngeaoCAtmEagnnemamm waﬁfbdndﬁtﬁﬁdiin a
tent.ial,, a state in which a ste

Cgr i eg%]é f ﬁutggn ugingthq,87BA e&’t‘?ﬁﬂ“reoFl“@Bb%cha%%% %(ﬁgtmde
Cﬁﬂﬂdmtﬁctﬂﬁfa&t%@hmgﬂ DBng CR8E B &Y St BB38Adpsea

al ase (GAL) using an enzyme-imobilized
%%ff‘%‘éﬂh&ﬂnﬁgo Erd) SE@'&%horé@@ @mzyme5ramt:g1>rucnss:he

d@:ﬁw RS 9@5')6 e
by a}ﬁﬁél)%mbl qllger 1 gg_nr?gt i s%f %’r‘%&olr& %@? ot&“%‘f is,
tgliécoﬂmdvlilarpshds(deéémqi ou:&ae:omfﬂzldee@fstﬁtaeélectrode by

g%{%%&gf shows. a state such that a CA
nessure g V(?d:rydﬁ%mecaly Aegomposed to deliver electrons

to the electrode. In the case of FIG. 4B, on the surface of
the electrode, the consumption of glucose by the
enzyme-immobilized electrode balances with the supply of
glucose by diffusion from the glucose sclution far away from
the enzyme-immobilized electrode toexhibit a constant glucose
concentrationgradient. Thisglucose concentration gradient
determinesacurrent, and, the larger the glucose concentration
gradient, the larger the current. That is, the current can
be increased by increasing the glucose concentration. On the
other hand, in the case of FIG. 4A, no glucose is present in
the solution at the beginning of the measurement, but the
solution contains glucoamylase as well as starch, and hence
glucoamylase hydrolyzes starch to form glucose. Inthiscase,
on the surface of the electrode, the consumption of glucose
by the enzyme-immobilized electrode balances with the supply

by diffusion of glucose formed in the solution containing.
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gl ucose sol ution using the sanme enzyne-i nmobilized

el ectrode 10 and a satisfactorily long period of tine
had | apsed (diffusion-controlled state) The enzyne
reaction in the enzyme-immobilized electrode is
satisfactorily fast, that is, glucose which has
reached the surface of the ebgctrode by diffusion can

- be very rapidly deconposed t& deliver electrons 15 to

the electrode. In the case of FIG 4B, on the surface

f h ti f al by th
et S8 LBy | e FA IR RS o i ime Lapprg due
ofto gllucosmybysdlipfetsdran du @Rt RarahHeose Sol Wion fk,

agﬁx from the enzyme-i mobilized el ectrode to

exfi 6 PAREBAS SRETGrbicodderglusnee foraedom ghadsentace of
Thihe ghHEES64E NGBS AL QR OLAd] deternmnes a
current, and, the Iarger%gﬁeggﬁﬁggéec%%ﬁﬁ§ﬁ1%%ﬁﬂnoﬁn the
gFugtane of tbel algerrode, aur cenparddato that! g LiHdERhen

cans;..he. i ncreased i ncreasi ng the gl ucose )
caninda a?'ti?lgr??edof‘%‘émrbt‘%@?ﬁ RH, 1% freere ehddomltimate

44lucosg| dionaeitied BHESENdn) N %etnh?].ﬁ@cl;é’rﬁ kAl 8 carch
begi nni ng of the measurenent, but tThe SOl Ut on

cBhE AR ETGF Jewmahildgedan bk lengymet ampbbi hidededeet rode,
Ot HEO AR IRSEo Y, ViZEeSs forrm gl ucose. In

this case, on ﬁtgétslﬁjr Sar?:(ge‘%lci)gl plt%%’e?égﬁ%}?g&ye%hethe above
cohemiptdaon kef fghrtbeseimbpyotde. enzynme-i nmobi | i zed
et&ggiode bal ances with the supply 30 by diffusion of

g ucoée formed in the solution containing 27 starch

and ghweeany hsecangok NSRRIy f -l Hesend Imd d4$ ;s
to gl ucoanyl ase present on t'he surface of ? e

G rihes - Herer tihsi agsa wharestarFhel glusedsses foroed is
Aede sy face of the electrode increases the glucose
concentration on the 5 surface of the el ectrode, as
cogyled to that obtai ned when using a glucose
solution (conpared in terns of the ultimte glucose

sat ur 8t 8d YolShOMEn§n Wrets st ucsady Faseedifiiedt grthridge 32

filled with a fuel 31 comprising a starch solution (amylose,
amylopectin),starchglue,orthelike. The fuel 31may contain
glucose, NADH, or the like, and, in such a case, the current
at the beginning of the operation can be large; as compared
to the current obtained when using a fuel 31 comprising only

starch. FIG. 5B shows the used fuel cartridge 32 which has

. used all the fuel 31. In FICGs. 5A and 5B, reference numerals

33a, 33b designate fuel pushers. Reference numeral 33c
designates a spring for pushing the fuel, having both ends
fixed to the fuel pushers 33a, 33b. The fuel pusher 33a is
fixed to the fuel cartridge 32, and the spring 33c pushes the
fuel pusher 33b against the fuel 31.

[0074]

FIG. 6 shows the fuel cell in which the fuel cartridge




are further immbilized on the enzyme-i nobilized

el ectrode, that. is the construction shown in FIG 3
is enpl oyed, the above 10 effect can be further

i nproved. [0072] Next, a method for supplying a fue
to the fuel cell is described. Here, the case where
starch is used as a fuel is nti oned. 15 [0073] FIG
5A shows an unused, card- shaagg fuel cartridge 32
fiIIed with a fuel 31 conprising a starch sol ution

starch Iue or the like.
The ff‘ Sfissg a:ﬁyag%ﬁ‘t‘%]r Fii g|%§1ée RADHrigee BRe S Gartained
anth a Fle5WaRt 21888 Bont Hen&Ms i entrdlr @l égftlbft%er%rﬂ:%lner

of the operation can be large, as conpared
c U BAE aoﬁﬁﬁi'—ﬁé‘ég%ﬂéﬂ\egsﬂﬁ?gthrbugh W31 chonipe |f$ueﬂlg:aanﬂxyi.dge
Stsar d.fuel cartrid
oz inElit o FOOPHE O PR, B cofRit it B d et i toe
r elugilencetn uhangls wh33n tlfié?:buéjE%laﬂ‘lﬁQttiﬁgE uel i PYeR8tEd from
Rﬁgﬁrenc nuneral  33¢c 25 designates a spring for

ﬁan At fhel TheabiRy $Rth i@@d@ cPRgEHUEDiemesUalelthat
Duﬁfwiﬁ e33etrddb.s Thapiy shgTe n%g;?ﬂ n
fuel cartrldge 32, an% t%%ig%%gﬁg §ngb§?g2égfkgﬁon
pGREET33P fﬁ@@lﬂ%ﬁntm}ﬂWIﬂ-m@leﬂ.ﬁ)ﬂé’d]on POrbls cdrbon and

t | whi ch the fuel trjdge 28 32
s oo d arFEpae s bapPulfed e 38 e Fmel Tt Seead cazbon

10 cehe at nedk hawi figeh ehayie b8 nEARMARIRBMa at HRe Bl 1 1 zed
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. 380

rtrld%ﬁﬁ gntalner 34 has a cartridge inlet 34a
t §¥ 88 s Hz?ﬁénﬂ%louémrhoagelkesgl Elsammft teddinposed

S o i A 0§ 1 B
f pomdlug e &mmmdlﬁgetd tlhé etekkrbagra 16988y uctnome
Sélcrést :Qr? example of a load of an external circuit, an electrlc
bulb36isconnectedtotheairelectrode5andthe fuel electrode
1. Thefuel cartridge32hasusedall the fuel 31, and therefore
“the electric bulb 36 is not lightening. The fuel cartridge
32 generally has a size larger than that of the air electrode
5 or fuel electrode 1.

[0075]

The used fuel cartridge 32 is changed to an unused fuel
cartridge 32 as follows. As shown in FIG. 7, the cartridge
inlet 34a isopened, and theunused fuel cartridge 32 is inserted
into the fuel cartridge container 34 to push the used fuel
cartridge 32, letting it go out of the container through the
cartridge outlet 34b. At a point in time when the used fuel
cartridge 32 is completely removed from the cartridge outlet
34b, the unused fuel cartridge 32 is set in a predetermined
position. This state is shown in FIG. 8. As shown in FIG.

8, when the unused fuel cartridge 32 is set in the position,
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an air electrode 5 conprised of an enzyne-imobilized
carbon el ectrode having an enzyne i mobilized on

porous carbon and a fuel electrode 1 conprised of an
enzynme-i mobi | i zed carbon 10 el ectrode having an

enzyme and an electron nediator imobi 1 i zed byan

i mmobi |'i zer onporous carbon %%ke in Exanple 1 are

di sposed so that they face ch other through a
separator 35 as a proton conductor (corresponding to

t he el trolg éqﬁer 3). In FIG 6, as an exanpl e of

0 ) 5GP RFER KT RAID G BL &F EPEEER | ket anItheauel
| sageRnagbesk téhd Recakfiet! 063 1angph

electrodg 1. The fSEFﬁ§§r§$%%ge §% agbugg%quﬁiﬁ$el 31
f d61 SwEpligfhteHdrefuek elegs retect theobghliiB6fésd paksage .

I e artridge 3 ener a

s aaer e be pRE YR iRk S0 S1elErPhaeh S Buaren.

ellacthisleinktad@e] 007 Hheliacusesh £ tedge Gart Eh@gﬁle?@phéher
E ed to an unused fuel ~ cartridge 32 as foll ows.
g&%"ﬁp‘?ﬂ & e7fuef]he?’1ca‘?“t1‘|i|td§fé-”eﬁ°|¥1eet3h34%1€i]s Bép@me@e fed

apdt bpanusedid usg! t%@fkﬁbﬁgélégtféd éﬁ? F gﬁ

fuel cartridge container 34 to pu
cBREFYRepEED 1 iged) agrhen @de@mtrodé EM@ﬁhaemme and an

rtrld e 0 34b Aﬁ a_pai,nt in tine
WPEEEE o Mea iSO L IR PY L o I UERAEERY PRABYEAS
fearbdine caibrisesredthiob widdd, fto‘ieeidﬂlldﬁféj flueliid having

.cartrldge 32 is set in a predeterm ned position. This

FEh VISERA tYniE wed aspdhehuali al FI ®hez0tBe fHheh 31
t@@n H@é‘éﬁghéﬁﬁlslaéqfrthg e:izel I-% %ﬁé’%éit\glé ion,

feed passage for t e fue

ttﬁfee ffuel pwshenrs age %mddtdmﬁngehwlcﬁmt pOdmitie89 but,
qlt the f %? g upplied to the fuel electrode 1
HroughttHe % Hebz%’sg €5 33 S BafnErEdsn 327 eshprierl

I3’11. @4 BE R6LE RIRE ﬁ]?@.hgﬁh.léa EB%We ihgd J.h'aetcil" thd AN POLEt +dhe
the fuel cartrid fuel pus
1. Thus, the fuel 31 is supplied to the fuel electrode 5 to
start power generation, so that the electric bulb 36 lightens.
[00761

It is preferred that CO, or H,0, or both generated in the

power generation are stored in a vacant space of the fuel

‘cartridge 32 left after all the fuel 31 has been used.

Specifically, CO, oxr H,0 may be discharged from the fuel cell,
but, from an environmental point of view, more specifically,
discharging CO, from the fuel cell is not preferred from the
viewpoint of preventing global warming, and further,

discharging H,0 from the fuel cell has a problem in that, when,

e.g., a cellular phone having the fuel cell mounted is put

in a pocket or bag, the pocket or bag may be wetted with water

discharged, and therefore it is preferred to store CO, or H,0,

or both in the fuel cartridge 32. CO, or H,0 can be efficiently




33b pushes the fuel 31, and therefore the fuel 31 can

be fed to the inside of the fuel electrode 1

conprised of an enzyne-inmobilized carbon el ectrode
havi ng an enzyne and an electron nediator inmobilized
by an i nmobilizer on porous 10 carbon. This is

effective when, for exanple, liquid having a high
viscosity is used as the fueP031. Wen the fuel 31

can reach the inside of the fuel electrode |nerely by

di ffusion, the fuel pushers 33a, 33b and spring 33c
c&TBEIHR Bt BACABEISPAGEEH e Fiel heatueldgriSRel et B3dter
33h 1aRdeSphd t l.715 31 canbe nore surely
suppl?gg ?%é?%%ﬁﬁﬁg?dgﬁ%{q%ﬁg'fuel el ectrode 1. Thus,

t HOOF@&l 31 is supplied to the fuel electrode 5 to

start power energtion,,so that the electric bulb 36

/i ght LY 19 4e09] BF (Pt LB I PPERTORAL Gbe BreHagx taidge
bethcgenenatedthe thel 20, PewerhQeogkal i O aélcﬁjc%tn‘%?f%.@ion

in_a vacant space of the fuel «cartridge 32 left after
aPf gHecqsrelsupPligs beehhesatifacgpeéi theaftgl «d@ctaode 1
HO; (B S rq?g f | .cell, . but, froman
ensiroﬁﬁgﬁ?gf%%%fn 6¥£€¥%§Fsﬁ%$§agﬁaaqﬁq%ﬁﬁ@?gecurrent
deséharprye GOl tiedmculreehuel cell is not preferred

frgg%%fe 25 viewpoi nt of preventing gl obal warm ng,
aﬁ ther, discharging HO fromthe fuel cell has a

10 probl @i e k8l catages ), o AGCLLEL AL aP0RRE10RYNA0: 1y
et”or bag, the
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the fuel cell nounted i's put 1in a pock
pbtkkad ot tbaghaefudle Aemapdbaviusediader falf suacgedy, the

r. e it.is_preferred to.store, . Or O,. 30
or Eio{}l% ri%fr]iﬂcitcjl ﬁg %ae}ng%r‘?%c&‘gsagé}yﬁaﬁ%%—{% Cé’g’%eﬁlerlce'
epdsted epbbyt3) ostedika, arsagant Wfatddl§ tuelteq,

cartridge 32 left after all the fuel 3 has béen
uSREhFged raY Ay | weed e Bethed for thenming cheofuehedl

fudlo Gl ELl¥Ccartridge 32 may be in which, for example, a
fuel reservoir container is prepared and a fuel inlet formed

-inthe fuel cartridge 32 is connected to the container to charge
the fuel 31. 1In this instance, the fuel cartridge 32 may be
either removed from the fuel cell or not. |
[0079]

With respect to the treatment of starch, starch in raw
rice or potato is comprised mainly of B-starch crystallites
and amylase exhibits almost no activity, but, when starch is
heated, B-starch is changed to gelatinized a-starch, so that
amylaseexhibitsanactivity. Forthisreason, itis preferred -
to supply a-starch as the fuel 31 to the fuel electrode 1,
‘but a-starch is changed to B-starch with the passage of time
(aging) .

[0080]

The fuel 31 having moisture extremely reduced or having




5 32 containing the fuel 31. In this case, the
concentration of glucose supplied to the surface of

the fuel electrode 1 is increased, thus naking it
possible to obtain a large current and a |arge

initial current. [0078] 10 As the fuel cartridge 32,

a fuel cartridge prelimnari/l filled with the fue

31 may be used, or, for enﬁré ncy, the fuel cartridge
32 into which easily avail abl e cooked rice, pasta,
potato, or the like, which is appropriately treated,

| SIERSFgRY Medy thie eusa beaused hod teaichcam diengol haéifimd by
3L e sk & he [ in,.which, for
e%a#%lsg,ﬂ%gléi‘ u&lﬁ?ég%%%}{ rbdeggﬁﬁfi%ﬂg%e?g)ypFlé%gr%%lt}é% Rut
f d&lhdspeer formedilinyt hanftled sentdif OgPF3@l 33, molecules
c%ggeﬁﬁ qgt Hye C%Etainer to cha%ge the fuel _31. In

t RS TRSHENCE, P ReTEUER  cand (Shfge ferenthepecl Mifigd fuel
reanyned Bd aetihgs fiuel scelin @hiB0LasL0 Whd9 9% oAt ing the
respect to the treatnent of starch, starch in raw

r f881 ot pecatbei Suebrpactagdenl Wit ofeacd- stherh water may
CH¥St i 4 d xhibpts alnost ng activit

it LA el T R R R T PR AR
geantihiged2a-(dhawbhchsthd hatardh asyliaskaexkidi ahd@Rater
activit his reason, it i Ereferred . to

. F t
SBFDISPPRzEESA T GR 9390 PURPT R SPotbhe HheoFusl ceallogsarts

10 lpowdkigaéreit=Aarich .| Sashanoed 4. n
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Wi RLCH oW She ai
passage of time (aging). [0080] %% Tﬁgwkﬁglagthe atr
haleHerafs St mpy bstwehklsed ddseddonrtimpmmcipleakimslar
n | e _C used. Starch_can. be solidified by
p?%g%a%%ift 2 Eg‘g%emegtg??rboel $8Fﬂd??3r£d(wf{)hi”§% Rod00%
btlléthairlto]halaemooerfiCﬁ iBba ISyl em! n ti8 30LhEi fildel Het rode
31, ecul es

1 ang?:he airelectrode 5 collectively formwater inprinciple.
The reaction in this system is represented by the following
formula:

CH,0, + 60, * *6CO, + 6H0 AG® = -4,928 kJ/mol.

[0081]

Next, a method for supplying a fuel to the fuel cell used
asathrowawayprimarybattery, suchasadrycell, isdescribed.
[oc82]

In thig case, a mechanism for removing and inserting the
fuel cartridge 32 to the fuel cell is not needed, and, as shown
in FIG. 9, the fuel cartridge 32 is preliminarily unified with
the fuel electrode 1. In this case, the method for supplying
the fuel 31 from the fuel cartridge 32 to the fuel electrode
1 is similar to the method described above.

[0083]

Hereinbelow, the present inventionwill be describedwith
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are unlikely to diffuse, and therefore the solidified
fuel 5 cannot be used as it is. In this case, while
contacting the fuel 31 and the fuel electrode 1 with
each other, water nmay be supplied fromthe outside or
fromthe inside of the fuel <cartridge 32 (in which
the starch solid nmaterial and water are separated
fromeach other) , so that tA® fuel cell starts 10
power generation. As the water, water formed at the
air _electrode 5 may be utilized based on the
prehEFFPEe sFoi thf Thld oAy Fampdeeect net hanol f uel
cqlologePMFC) using a 100% nethanol fuel. This is a
systemin which the fuel electrode Iland the air
ekEgempde B>collectively formwater in principle. 15
The rqgction bn this systemis represented by the

fol | owhg  SHREPY: © BoES sg.ectredep (BAGHAD =AG- 0 mm)
_.4er9%9g>ﬁ1~l/emocﬁr0pv{1{&83]ulzgf@?gﬁfﬂhg‘é%Iﬂ)‘&‘%ffegr? lUtio\/\I}a )S 83

supplying a fuel to the fuel used as a throwa
pﬂﬁﬁa‘?? %@R@rﬁses UBR) 4¥NETEKY BED |, firond@scriilbed.

S+ : chanismfor r in nd ,
| peerts R aBE: & TP Rst ATp B Bipker ket o (o0
net) el ddicoarddemgd shmpn s 2 X dom) FirGrofe 1. f U8l u1 of a
CRL L ﬁ e 2f| prei|n1narlly unif ied wth the fuel
eﬁ%c%‘é oue P Ifrs?rt APSutaeR, (1hb L 1RFd FECOBEBRGE ng
t t@ﬂp@ri%tfaﬂoﬁééé\ﬁ Ct)l'.'e,l LEQ!§ ! '3d?ﬁ§§2%;1 %%}.@E)uf ugtlglution

elqgtrode 1is simlar to the e escri bed above.
[ 6083PE pedy Her kv sibed GRLL X he plesenphosplertd o féd sobet ion

desct ibe ' 3 referen to.the foll ow ng

EXFOZn‘{):lVIZng %8{84% “Q'EQ%rﬁﬂ 8%%nol sclution (28 mM) of ACNQ,
and 3 pl of an aqueous solution {0.125%) of glutaraldehyde
(GA), and they were mixed with each other and air-dried at

room temperature, followed by washing with distilled water,

- preparing a GAL/GDH/NADH/DI/ACNQ-immobilized electrode (see

FIG. 1).
[0085]

The thus prepared immobilized electrode was used as a
workingelectrode, anAg/AgCl electrode was uged as a reference
electrode, a Pt electrode was used as a counter electrode,

an electrolytic cell made of polytetrafluoroethylene having

- & capacity of 1 ml was used as a reaction bath, and 1 ml of

a 0.1Mphosphatebuffer solution (pH: 7; I.8. =0.3) containing
water-soluble starch in a concentration of 1% was used as a
reaction solution, and they were subjected to deoxygenation
using Ar gas, and then an. electrochemical measurement was

conducted at room temperature (25°C).
[0086]

<Example 2>
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Onto a glassy carbon (GC) electrode (BAS, $ = 3.0 mm)

5 were applied dropwise 3 | of a phosphate buffer
solution (83 M of diaphorase (D )(UNITIKA LTD., from
Baci |l us stearothernophilus), 6 | of a phosphate

buffer solution (60 M of glucose dehydrogenase (CGDH)
(TOYOBO LTD.), 3 |1 of a phosphate buffer solution

(1.4 mV) of glucoanylase 10 ? L) (Oiental Yeast Co.,
Ltd.), 3 | of an aqueous solution (1s) '

of poly-L-lysine (PLL), 2 glof a phosphate buffer

sol ut i Bh S¥IFF PP cRADMSagureneniarivas Ieamsiucseutinon

( 283Mhun ) sol.ution
(0.125% 9%? g uthgr glaggﬁr;%%ﬁé?%%?ggﬁ% léey 1\A/é}rc%e%%:xtehc?t 5
wingre feasat et drel olatrali e d b gegdt ah i Afnd 960% dRehat YL fer
fol Lowed by washing with distilled water, preparing a
ROMEOEPRIATH YT AING rAGHI VF3 PGS Fodehesee  Fl G
1BALY OB AYADH/ A /rlows) -Aieiddh 84 zLANDPL: & 28 ih%ga&%@e in
was used as a _ 20 working el ectrode, anAg/ AgC
eFEETPLE e wad sbat asha Federiamcsodhbionodes chaRiged to 1

eh@c&f%ﬁ%.%?{?ﬂﬁ; a e ectrade, . . ]
el ectrolytic cell nk%}ée ]é’g‘gg% y%%ﬂtaijnugpgeghﬁ]'e%e" 0.3).
h&0P8gl a capacity of 1 ml was used as a reaction

bg&hm anacL.l n1§}(of a 0. 1M phosphat ebuf fersol uti on (pH:
75-MPRAtLYE Bramplealai ng 25 wat er-sol ubl e starch in

a congentlabt 88cREmildf1 Wass H5RGhA% @agr 8865400eq in

solution, and they were subjected to deoxygenation
uSEPRf it igddy Bhd shea wanedecs dohéxagglengasurepenthat

C %teeg(} %r t enperatur e %ﬁ%&G&é 30 .
S SASSTR SAD IR 638rins
coimel Uotrebiilh zedbsl @t balid yid ex AR TRRBEHrapatd a
Eéﬁ%r})le 1 except that 5

NADH/DI/ACNQ-immobilized electrode.
[0088]

With respect to Example 1, potential scan was performed
in accordance with a potential sweep method (CV) at a scanning
speed of 20 mV/sec. The result of the CV measurement is shown

inFIG. 10 (solidlineain thegraph). InFIG. 10, forreference,

- the result of the CV measurement in the case where a 0.1 M

phosphate buffer solution containing no starch was used as
a reaction solution is shown by a broken line b, and the result
of the CVmeasurement in the case wherea 0.1 M phosphate buffer

solution containing starch in a concentration of 0.1% was used

‘as a reaction solution is shown by a dot-dash line ¢. TIn the

measurement in the case where a solution containing starch
in a concentration of 0.5% was used, a result substantially
the same as the solid line a was obtained.

fo089]

As seen from FIG. 10, when the reaction solution contains
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ng of a material obtained by gelatinizing a 50 %

phosphate buffer solution of starch at 70C was

applied to the 5 GAL/ GDH NADH DI / ACNQ i mmobi |i zed

el ectrode prepared in Exanple 1, and that the

reacti on solution was changed to 1 m of a0.1M

phosphate buffer solution (A€| S. =0.3). [0087]

<Conparative Exanple 1> 10 4eI ect rochem cal

msasuremsnt was conducted in substantially the same
nner_as in anpl e 1 except that | ucoanyl ase (GAL)
53681% FBPH AHETHEEES b Obﬁﬁﬁ‘éﬁ?q? nghi¢kandicates that

| @eRbLhi zed 18l adyide, r

Gt NADH D1 ARG et EneeTRr et S0 e Esdage 2o

WPERCOPR@PRE vt A MR elucopoadt tlhd cdtanseass decomposed

p [ ccordance with a potential swee
(%%)&g}?'e%ngcg%m%ega&longds‘é?cﬁﬁsfﬁﬁ]%?ro?ﬁé dy eg%lttha&f the
t bteCrobasti@iBrls k3esh@¥As.in FIG 10 (solid line a
iz SSJ e graph) . In FIG 10, forreference, 20 the

r &8 of the CV measurenent in the case V\,here aon1l1mMm
phosphat @a@l'r'fcffefhé %'1%%98 cﬁ@tﬂ&@éf 'n{é% sﬂ%efcﬁégg n\’\@xiam%les

used as a reaction solution iS sh
bl &l 2 ﬁ@dr Eemparatpive [Bxalipleeas ua efiedtigd ®ft hﬁecaﬁﬁrent

VY%%S{ t"%/ %ht hos hate b ffer sol ution contai ni ng

in~a co r At (?Ptopo'i%”\?\?a%l Fs¥cP Zghésw‘arklﬂg
rebeﬁiﬂmﬁeSfJéltiﬂ_ﬂfé £8 tBBOWT dPer@ cdOte 433 { HEHEwn iR F1C.
the neasurenment in the case where a solution

cbnt aFHF RBeSt &FERAY icHra cabAehreriaeiat tofr Ds5% whsctorily

AL RBAEE 0 SR Gt b S S eeran bl

vihen the reaction solution contains 34 st arch an
oﬁa%atei 95] current i s observed, which indicates that

Steady current (pA/cm’ @0V vs Ag|AgCl)
Example 1 . 58
Example 2 395
Comparative Example 1 2

[0091]

As can be seen from Table 1, in Examples 1 and 2 in which
glucoamylasewhichisanenzyme decomposing starchwas present,
acurrent couldbegeneratedusingstarchasafuel. Espec ially
in Example 2 in which starch was gelatinized and immobilized
on the surface of the electrode, there could be obtained a
current larger than that obtained in Example 1 in which starch
in the form of a solution was in contact with the electrode.
The reason for this is that the starch concentration, namely,

glucose concentration on the surface of the electrode can be

- kept high as mentioned above, making it possible to promote

the decomposition reaction of the fuel.
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starch in the nmenbrane i mobilized on the electrode is
deconposed by GAL into glucose and the glucose is
deconposed by CGDH, and the reactions successively
proceed, so that the 5 el ectrode receives el ectrons.
[0090] In each of the electrochem cal neasurenents in
Exanples 1 and 2 and Cbnparg%ive Exanpl e 1, a change
of the current density with“finme at a constant
potential O V of the working 10 electrode relative to
ference electrode is showmn in FIG 11. Further
stegg? currents obtained after a satisfactorily |ong
peri odaDhcdddrnfas I i F n
Table 1. [Table 11b%?gggmcg?r%ﬁ%t%iyﬂﬁgﬁbggqug a small
AQ(’-:FE)EUSES?En"EfP%ffllCB@DExaﬁpI @OIPP S t@ompahamcblle:xEmmahel
AS gan seen fromTa

l% d%es T and 2 n- WAl c 8?3}8‘6&8}]%? l\?ﬁl ’E?F?tsm&h“’hwh

-emgyhekel]ay:otrmqmo&@eat Aheh MBS PRSI is Qs&dTdLR fuel in

8H % be nerated using starch as a fuel. Especially
2 F F 8Ot HomnPeh- §tsa"lfREr?r\ﬁa’§ fg@nafthmalz@ﬁe ypgults,

Coul dpfbgf@m & tbféesém{réacﬁ Jﬁ &Jt Eggieor

be obtai ned a curren ai ned
| APkl sing gwmmeﬁmh orntlteheuffx{cm @f tae electrode.

S ont ct. wi.th th ctrode.

rlg%%l%ﬂ}} ‘? HF% °. %ﬂtlfﬁeze& eleﬁfwc'&%ﬁ%%%mhandlmg

nafredhe faalgamm @Qﬂﬁﬁﬂf%&!ﬂ@@fu@i 5B B PG Pbmt h§nd
ment i oned ‘above, maki n

el ectrode can be kept hig
i g Shs éeﬁ‘él‘ﬁ?%n‘gdél fhéldbe ompususednl ranet foaloq&ell
trﬁ}ﬁlﬂﬂ@d 'on mobile devices, such asg cellular phones.
[0093]
<Example 3>

With respect to the fuel electrode 1 having immobilized
thereon starch glue 6 as a fuel and glucoamylase (GAL) as an
enzyme decomposing starch into glucose, a CV measurement was
conducted under the same conditions as those used in Example
1. The results are shown in FIG. 12 (curved line a). 1In FIG.
12, for reference, the result of the CV measurement in the
case where a glucose solution was used as a fuel is also shown
(curved line b) . As can be seen from FIG. 12, when the starch
glue 6 is used as a fuel, a considerably large current can
be obtained, as compared to-the maximum current obtained when
the glucose solution (glucose concentration: 200 mM) is used
as a fuel. This result reflects the extremely high glucose
concentration on the surface of the fuel electrode 1 as
mentioned above. Further, the reason why the current

increases with the passage of time resides in that the starch

. is gradually hydrolyzed by glucoamylase (GAL) and,
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35 [0092] G ucose has a problemin that glucose

having a small diffusion coefficient, as conpared to

nmet hanol or ethanol, is disadvantageous to a

di ffusion controlled reaction which 5is likely to
proceed when the glucose is used as a fuel in the
formof a solution, but, ggparent fromthe above
results, the problen1can be ol ved by using starch as

a fuel or |nnDb|I|2|ng gel ati ni zed starchon the

surface of & | ectrode. Further, the use of a

g SRS SRS BE 1¥ o 5hF FHFOSMRERCBREYREHRI PRGhEOSWFfadreof the
f ldﬁJeo%&d)déaiﬁm&*eﬁB'e‘sf%ttl'pﬁlé PSEsé{:}Q RIE A Sy’?ﬁg @ur@?g ine
hence the resultant fuel Is~very useful "as a H
c&l haspguphade oan kb |t die\ﬁltfésl,SlsuChoaisr@ElédJlla;’actlon
pﬁ@@@ [0093] <Exanple 3> 15 Wth respect to the

fuel ﬂectrode 1 having i mobilized thereon starch

gkﬂaaﬁpas a-fuel and glucoanylase (GAL) as an enzyne

econpoEIeg starch into %1ucose a CV neasurenment was
conduch é§Sdntet ! sheweahk Fd&Fdi 13bmadal3B Woseassenblad and

aﬂW£lu&1oW%a%eﬁgﬁé§ %}sgsﬁg i G 3 %éﬁ a(lg’éjllt\é the

i ne a) In FIG 20 12, r reference, resu
t Feeb\cabhshae e monist rukie ionasechhen et &Hrglaiﬁsomectrode 5

PR EPEed R e Bndaniliang Gasbotiur dareda Breins

gim eefizyise Useebkds iaetiush, 0226085 ¢ar-B8BhYrbaE S EW rEt
ca be obt ai ned, as conpared to the maxi mum current

ob %ﬁ?ﬁﬁﬂ%Wﬂu?QEErﬂﬁéng@C@Bee%%Wmm1xmmqhyluaeéecarbon

CONCERtS AL h QM n H%%m This

reflects the extrene %gﬁﬁg %ﬂ?&%éongﬁﬁ&gﬁ?FéFP8ﬁ gﬁzed

tlbﬁe Aurifmebidfizeheord el2sekat tdantonl fast 1M iigN@dample 1
Furtg he reason why the current increases

"‘“f% %tlﬁ‘goﬁﬁ 6’F theyetrer |e@é%1 Prhemshreugh st gpBArator

35 as a proton conductor. In this case, the separator 35 ig
comprised of a predetermined film having proton conduction
properties, e.g., cellophane. Ti current collectors 41, 42
are disposed, respectively, under the air electrode 5 and on
the fuel electrode 1, thus facilitating current collection.
Reference numerals 43, 44 designate clamp plates. The clamp
plates 43, 44 are fastened to each other with screws 45, and
between them are sandwiched whole of the air electrode 5, fuel
electrode 1, separator 35, and Ti current c¢ollectors 41, 42.
A circular recessed portion 43a for drawing air is formed in
one side (outer side) of the clamp plate 43, and a number of
holes 43b are formed at the bottom of the recessed portion
43a so that they penetrate the clamp plate 43 to another side.
The holes 43b serve as air feed passages to the air electrode
5. On the other hand, a circular recessed portion 44a for

charging a fuel is formed in one side (outer side) of the clamp




30 is gradually hydrol yzed by gl ucoanyl ase (GAL) and,
36 consequently, the glucose concentration on the
surface of the electrode increases with the passage
of time. The curved Iine b has a shape unique to a

di ffusion controlled reaction. [00941 5 <Exanple 4> A
fuel cell shown in FIGs. 13Aﬁznd 13B was assenbl ed and
an eval uati on was nade. As stbwn in FIGs. 13A and 13B,
the fuel cell has a construction such that an air

el ectro 5 omprised of_  an enzyne-i nmobilized carbon
e|P§€{tFo‘g‘g' rﬁi\ﬂc ﬁgn;;e‘fbb% %&nbyhes i4fRoBFRi F@desh ag. Pis degton
caithone freldesald Boftifdn 48hesd nade &hgg;[{/gﬂ&%tgf £ clamp

enzyne-i mobi |l i zed carbon el ectrode I ng an enzyne
aRdahR ¢ & Pootiedi atde. | Mirebhdles ze0b deyvanas fuel feed

[ Lk . C carbon felt like in Exanple 1
| PRRRRGLE o YO s IR ERLAAE 1o R BPRGRE (16 ddyRrgY ided
separle greriphdiryapoat PswiciagaofHEet Hide I0F tHE ScGA§Fplate

t separator 35 is conprised of a predeterm ned film
A5 55 Tt GHECONI HIGEopf Bped ifag teaeq. with the screws
cebl pphane prdddiliNeac L et QL Swddn Bfem ar e

di sposed, respectively, under the air electrode 5 and
oh00%%k fuel electrode 1, thus facilitating current

|1 gt 0, |'s_43, 44 desi gnat ,
cram 5 Souf Sl EE TH5E. B TERY 5n Ve, GrbSradd draneat

10 eewitraithenlletBossr£Ms 445, agdd sbel-WEERLEBEM 18 tion was
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sandw ched whole of the air electrode 5, fue
eFetigstes1® Hsdaitatertss regaasad partrianm 4éel i ther slamp

| " s .
e SO PP o TR AR o Pt R <Spo PRECkT e

phat 8543, and.arnudbes tHe chelest 4Bbl Bise OLrRAtatidthees
kg%t(ﬂyso%ut e recessed portion 43a so that_the%
penettrate FhieEt anp MFarBeR3ct - %Hot Rt agedds alppet 0.86

ol esndBln Sauyeadsudida 1ea8 £3583088 L0 EARLE density,
ean%c ar gu]?ved line b indicates a power density. As shown in
FIG. 14, the current density is about 1 mA/cm’ at the maximum
and the power density is about 0.4 mW/cm’ at the maximum, which
indicates that both values are high.

[0096]

Hereinabove, one embodiment and Examples of the present
invention are described in detail, but the present invention
is not limited to the above embodiment or Examples and can
be changed or modified based on the technical concept of the
present invention.

[0097]

For example, values, structures, constructions, forms,
and materials mentioned in the above embodiment and Examples
are merely examples, and, if necessary, a value, structure,

construction, form, or material different from the above may




5. On the other hand, a circular recessed portion 44a
for 30 charging a fuel is forned in one side (outer
side) of the clanp 37 plate 44, and a nunber of holes
44b are formed at the bottom of the recessed portion
44a so that they penetrate the clanp plate 44 to

anot her side. The hol es 44b rve as fuel feed
passages to the fuel electro 1. A spacer 46 is
provided 5 at the periphery portion of another side of
tgp clagp plate 44 so that the clanp plates 43, 44
faSt 8f&G-with the screws 45 have a predeterni ned
spaceshet ween them [0095] As shown in FIG 13B, a

| oad 47 was connected to the Ti 10 current collectors
41, A2Spemdf keaklar.chpbufaepleol the diomast dias gadlased or

f i he recessed portion.44a in the cla pl at e
a5 e S BT Bk ore i E el oy At ment onea
t énpehat abeve Wasbbi@enkt! Gr E4agpous. the

current-vol tage characteristics of this fuel cell

The open circuit voltage is about 0.86 15 V. In FIG
14, a curved line a indicates a current density, and
a curved line b indicates a power density. As shown in
FIG 14, the current density is about 1 mA/cnR at the
maxi mum and the power density is about 0.4 mWcnR at
t he maxi nrum which indicates that both values are

hi gh. 20 [0096] Herei nabove, one enbodi nent and
Exanpl es of the present invention are described in
detail, but the present invention is not limted to

t he above enbodi nent or Exanples and can be changed
or nodi fied based on the technical concept of the 25
present invention. [0097] For exanple, val ues,
structures, constructions, forns,
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and materials nmentioned in the above enbodi nent and
Exanples are nerely exanples, and, if necessary, a
val ue, structure, 30 construction, form or material
different fromthe above may 38 be used. [0098]
Specifically, for exanple, the formof the fuel cel
or fuel cartridge 32 nay be g formdifferent from
that mentioned 5 in the abov&® enbodi ment or Exanpl es.
39 CLAIMS [1] A fuel cell for generating electric
power by deconposing a fuel_ using an enzyne,
characterized in that: 5 the*F{RI conprises a

pol ysaccharide. [2] The fuel cell according to claim
1, characterized in that the fuel conprises at |east
ofé ! mehbuelaldcfen dengresting cii,ectaniyl mesesr by decomposing

a ctl C cel lulose,.naltpse, sucrose,
0 gﬁgﬁgﬁ?‘% gély[e%%%ﬁé heragEerige ot i i to cl ai m
1, charlectielzedmprithat a pbEydarednd:s @el atini zed

starch. 15 [4] The fuel cell according to claima1,
characterized in that the enzyne conprises a

degpnmosi Hge £BZY 1% e ALY ENY; Q?ch{gi%sétté Q%9 i 4 PRar
pol ysaccharide to forma fmonosacchari de, and an
okieldsie 1 eppr bR gl oxét aneonedfet belrpnedanehastdech,

for 0 se it, 20 [5] T uel cell according
to ygf(gslérﬁ i‘?ﬁ%ﬁé&?a&n&glz}éﬁog%w ﬁ%{]fu{‘?%e'eﬂﬂﬁ%sef sucrose,
camprisaos® .coenzyne oxi dase for changi ng a coenzyne

reduced due to the oxidation of the nonosaccharide to
an oxidant and giving electrons to a negative

efgct raderddr gaph a®Bording to claim 1, characterized in that

the fuel is gelatinized starch.

[4] The fuel cell according to claim 1, characterized in that
the enzyme comprises a decomposing enzyme for promoting

decomposition of the polysaccharide to forma monosaccharide,
and an oxidase for promoting oxidation of the monosaccharide

formed to decompose it.

[5] The fuel cell according to claim 4, characterized in that
theenzymecomprisesacoenzymeoxidaseforchangingacmenzyme
reduceddue tothe oxidation of the monosaccharide to anoxidant
and giving electrons to a negative electrode through an

electron mediator.

[6] The fuel cell according to claim 5, characterized in that

‘the oxidant of the coenzyme is NAD' and the coenzyme oxidase

is diaphorase.
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25 electron nediator. [6] The fuel cell according to
claimb5, characterized in that the oxidant of the
coenzyme is NAD and the coenzyne oxidase is

di aphorase. 30 40 [71 The fuel cell according to
claim4, characterized in that the fuel conprises at

| east one nenber selected fromstarch, anylose,

anyl opectin, glycogen, and né?tose, and the enzyme
conpri ses glucoanyl ase and gl ucose dehydrogenase. 5

[ﬁk The fuel cell according to claim4, characterized

i i d hat?e tHeL Gedil 2erpird iviste sllhinds echara-téws meuyime hat
CQRRIr £15E5 L | uco hydr.aogenase. 10 [9
TeEran T colP ateara aeirs Aranerie araTea Fuatisravbn.
t BV 1losde amydlopeotpni, sgbyasddrns end amnd ddie: ,e8aM MEhe enzyme
c% ﬁ#%§§ %ﬁg!uco i dase gnd gl ucose dehydr ogenase.

[ g{ﬂ e 7 BT A LRG0 PPN gL EEO%S AASh A Qasiesct-er i zed
in that 15 the fuel conprises sucrose, and the enzyne

.cEgPrises sucrase and glucose dehydrogenase. [11] The
f

7218 furk 6rdl mFacydangi e alathér adtaardcted iizedt rat hat

t bge fHgly i I and enzyme conprises
20 (3-galactggﬁ%%%ecgﬁgggﬁﬁ%b§%“%e dridFelgs &CmpEaFes
Teel fulgisecelnld gioepdengehpdedgdnads. characteri zed in

that the coenzyne oxi dase, the coenzyne, and the
el ectron nediator are imuobilized on the negative

ef®ct madesnedsed 18k Eheqt 4 ItoC@iAin@&F%Qragtggiggaﬁgiz@e%hat

12, characterized in thal the oxidase Is I nD
drhe Heledegampyeserenat bdes, 4riiijthEhenkyak cehbrises

P lNg ah8ecLalm 12, shatgcterized in

[10] The fuel cell according to claim 4, characterized in that
the fuel comprises sucrose, and the enzyme comprises sucrase

and glucose dehydrogenase.

[11] The fuel cell according to claim4, characterized in that
the fuel comprises lactose, and the enzyme comprises

B-galactosidase and glucose dehydrogenase.

[12] The fuel cell according to claim 5, characterized in that
the coenzyme oxidase, the coenzyme, and the electron mediator

are immobilized on the negative electrode.

[13] The fuel cell according to claim 12, characterized in

that the oxidase is immobilized on the negative electrode.

[14] The fuel cell according to claim 12, characterized in

that the oxidase and the decomposing enzyme are immobilized
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30 that the oxidase and the deconposing enzyne are

i mmobi lized 41 on the negative el ectrode. [15] The
fuel cell according to claim 14, characterized in

that the pol ysaccharide is inmobilized on the negative
5 electrode. [16] The fuel cell according to claim 15,
characterized in that the pqlysaccharide is

gel atini zed starch. 10 [17] the fuel cell according to
claim 12, characterized-in that the imobilization
uses.,an imobilizer conprising glutaral dehyde and
péF&F%?I?ggﬁﬁ?vfl%}eQFFQﬁ%xnronic devi ce using a fue
cell, characterized 15 in that the fuel cel

generates el ectric power by deconposing a fuel using
arfléh P fuferceild eheotdehg contcdians a4, characterized in

) 9 hl i f I I,
O EE RO ol ALY o et Lo Sh s iasstive

ekdettrodpower by deconposing a fuel using an enzyne,

wherein the fuel contains a polysaccharide. [20]
Apower generation systenusing a fuel cell

chak aciRy ifg LRyt I L ner.at es . .
elec?ric po%grcg$ldg%%ﬁ%%§F%gﬁ’fgsgkfggi ey ized in
eb2gtret hevmarlaisaacherfidel isogébansnfzqd|gtsacahari de.

[21] A cogeneration systemusing a fuel cell
characterized in that the fuel cell generates

e[BT] mhe POVETcdY] MREUMNTNGo30181h U, WHALARRrized in
enzyme, wherein the fuel contains a 42
-p'E,l]l df@bilization uses an immobilizer comprising

glutaraldehyde and poly-L-lysine.

[18] An electronic device using a fuel cell, characterized
in that the fuel cell generates electric ﬁower by decomposing
a fuel using an enzyme, wherein the fuel contains a

polysaccharide.

[19] A movable body using a fuel cell, characterized in that
‘the fuel cell generates electric power by decomposing a fuel

using an enzyme, wherein the fuel contains a polysaccharide.

[20] Apowergeneration systemusinga fuel cell, characterized
in that the fuel cell generates electric power by decomposing
a fuel using an enzyme, wherein the fuel contains a

polysaccharide.

[21] A cogeneration system using a fuel cell, characterized
in that the fuel cell generates electric power by decomposing

a fuel using an enzyme, wherein the fuel contains  a




42

polysaccharide.




