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1 DESCRIPTION Fuel cell, electronic device, movable body, power
generation system, and cogeneration system 5 TECHNICAL FIELD
[0001] The present invention relates to a fuel cell using an enzyme as a
catalyst, an electronic device, a movable body, 10 a power generation
system, and a cogeneration system. BACKGROUND ART [0002] A fuel
cell basically comprises a fuel electrodér (negative 15 electrode) , an
oxidizer electrode or air electrode (positive electrode), and an electrolyte

(proton conductor) , and has a%%ﬁggﬁb%rinciple, in accordance with
a reverse reaction of the electrolysis of water, such that hydrogen and

oxygen are reacted to form water (HO) and generate electricity. 20
Speaficalsq ek fuisageni sypplieda e fuehelartrods,ds addzed. ; on
and divided into electrons and protons (H'), and the eleCtrons go to the

fuel electrode and fi& pRRton& 1 1eVBF MetighctheselietgBlyte to the
oxidizer electrode. At the oxidizer electrode, the protons H' are reacted

W%E&%’%&” 25 sugﬁlied from the outside and electrons fed from the fuel

electrode ﬁPOLFgW external circuit to form H20. [0003] The fuel cell is a

higheeffitient power generator which directly converts the chemical

energy %a fuel to electrical 30 energy, and can extract electrical energy

from the Cﬁeﬁ,ﬁgaslent invention relates to a fuel cell using an
enzyme as a catalyst, an electronic device, a movable body,

a power dgeneration system, and a cogeneration system.

BACKGROUND ART
fo0021]

Afuel cellbasicallycomprisesafuel electrode {negative
electrode), an oxidizer electrode or air electrode (positive
electrode), and an electrolyte (proton conductor) ., and has
anoperationalprinciple, inaccordancewitha reverse reaction
of the electrolysis of water, such that hydrogen and oxygen
are reacted to form water (H,0) and generate electricity.
Specifically, afuel (hydrogen) supplied to the fuel electrode
is 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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2 energy of fossil energy, such as natural gas, petroleum, or coal, with
high conversion efficiency, irrespective of where or when the fuel cell is
used. For this reason, conventionally, fuel cells in large-scale power
generation applications and 5 others have been extensively researched
and developed. For example, fuel cells are mounted on a space shuttle,
which has demonstrated that the fuel ¢&lls can supply not only electric
power but also water for a crew, and that the fuel cells are clean power
generators. 15.0110004 Further, in recent years, fuel cells operating in a

range orretatvely oW ERTEERAtuBE S REnT I nFRFatRetboABYEY OF
90 suchv astsalidshalymee fusl selist aie develpped-andhavs alira¢tete re
atgfe]_flggnth%%@éﬁ, atﬁ‘r}pts are being 15 made to apply the fuel cell not
only 1 the Targe-scale powar- §eReratioh hit A< trSmaepesystienrl 1y .
subkeds eegdwet nsdarcefos diVingp anatiigaohile: and apprtable: @gwgzj and
S I omputer or mobile device, [0005) 20 As mentione
agﬁ(;r{/%g,]é%e u%;{ége}gl%%sgp%)ggi%?f éb’gkéa oH \?vﬁé“[F &g‘%f%‘%‘églf%ﬁ‘%he For
lafgéspake pbwet gerdratione todhe tsadathscalerpawes gepelationhdrth has

has airagted [ ion as a high-efficient power generator.
However, theﬁ%(gr%&gﬁ%%%gér%%% Sr(?oﬁésrﬁs%ﬁ ﬁ%ﬁ%g fl%%? é?%é’lldeccmc
gEfdaiyRide s lcawas e hyirogencgasiconvertel dy misarfuef aells are

refornar ffom-prairal.gas. petroleum, or coal, and hence consumes
limited resources and requires high-temperature heating, and that the fuel

cdiPRB&ds a catalyst comprised
Further, in recent years, fuel cells operating in a range

of relatively low temperatures of from room temperature to
about 90°C, such as solid polymer fuel cells, are developed
and have attracted attention. - Therefore, attempts are being
made to apply the fuel cell not only to the large-scale power
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 wmentioned 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 hyd:;ogen gas or methanol itself is directly used as a
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of an expensive noble metal, such as platinum (Pt) . Inaddition, 30 when
hydrogen gas or methanol itself is directly used as a 3 fuel, it must be
carefully handled. [0006] For solving the problems, the application of
biological metabolism proceeding in a living body, which is a 5
high-efficient energy conversion mechanism, to a fuel cell has been
proposed. The biological metabolism u8ed here includes respiration,
photosynthesis, and the like conducted in microorganism somatic cells.
biological metabolism has advantageous features not only in that the

T
pOWSr gentérafibii L PerfierFRyud Bxtreateh) difgh, but also in that the

re@otiom Jproceeds under mild conditions at about room temperature.

[0007] Fgr exar;ﬂ%)le, respiration is a mechanism such that
microorganisnis 6r BIIE KBRS RE B d e es, WBfapgical

ametpedtel; amdp dudagdhadoration efsarbopligxide{CQ,) thraugh the
glﬁg Ils{t_i% Pﬂ@’n‘f@% @“3 tricarbo>§/lic acid (TCA) cycle having a number of
enz;%ne reaction steps, icotinamids SdenintfhatthdeiRADTye1 cell
rdtiueeteterfopmoresiuadd nicotinaiideqgdeanerdiousietida (NARH), dhus
29&8%8@@9%@,6 Jgge i’c%l eng[[#y of the_nutrients to_redox energy, i.e.,
electrical energy: andfurther, intRe sfectiortrahEp S <ten 1iHe errducsed
ehBrgy 6rNADH IS direstyneorverted 1te . profer-gradivs electrigalenasay sm
aHQ&é)ﬁQ%%@aEﬁQH?QQ Joform water. The resujtant %ectrical energy
forms ATP from 25 adenos}lnreegiﬁﬁos%%g e Tt g EaEAsS R ation
tiffHospHe ATFPEsymbas by ahtighl Phis utiized in the a8 ctiops requiradn
proceeds under mild conditions at about room temperature.
{0007]

For example, respiration is a mechanism such that
microorganismsorcellstake innutrients . suchas saccharides,
fat, and protein, and, during the formation of 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
forlivingof microorganisms orcells. This energy conversion
is carried out in cytosol and mitochondria.

[ooos]

Photosynthesis is a mechanism such that, during the
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for living of microorganisms or cells. This energy conversion is carried out
in cytosol and mitochondria. [0008] 30 Photosynthesis is a mechanism
such that, during the 4 conversion of the optical energy taken in to
electrical energy by reducing nicotinamide adenine dinucleotide
phosphate (NADP') through the electron transport system to reduced
nicotinamide adenine dinucleotide phosphate (NADPH), water 5 is
oxidized to form oxygen. The resultant electrical energy is utilized in a
carbon fixing reaction by taking in CO2 and a synthesis of carbohydrates.
[0GE9]V A% et Ritidiie famrtiitizih g e glyovakmention bielegieal: 401 energy
mestpbelisadnia;fuel cell;amictorganism batiery i which electrical
energy generated in microorganisms is removed from the
mi&?’%@dniEﬁlﬂ%Ctﬂ%ug%han@@&mr@memammuuhemuanoemsd

arg gelivergghioianpleciiode &Qﬂp@@oeg &éeﬁ}ﬂgé:ﬁi'ﬂ@pé hﬁ&%%?a water

reported, (see, for example, 15 Unexamined Japanese Patent ication
L£5—8 Spelifcaf o NG =280 133807 - oD 10pHbWe RSt rical energy
micsoorganises and £elsie MBOLLNGILRS 10heshanhe desied, 4

regctsions including the conversion of 20 chemical enérgy to eléectrical
errergy TRERNSrS in Fie ABBYETALARd, an undesired reaction consumes

thétagleetrical energy, making it difficult to achieve a satisfactory energy

conversA%na %fgzlgﬁr?f&héogé%htilizing the above-mentionbiological
metabolism in a fuel cell, a microorganism battery in which
electrical energy generated in microorganisms is removed from
the microorganisms through an electron mediator and the
resultant electrons are delivered to 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 to electrical energy. Therefore . in the above
method, anundesired reaction consumes the electrical energy,
makingitdifficult toachieveasatisfac toryenergy conversion
efficiency.

[0011]

Forsolving theproblem, a fuel cell inwhich onlyadesired
reaction is advanced using an enzyme and an electron mediator
has been proposed (see, for example, Japanese Patent
ApplicationPublicationNos. 2003-282124 and 2004-7155%9). In
this fuel cell, a fuel is decomposed into protons and electrons

by an enzyme, and fuel cells using as a fuel an alcohol, such
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25 For solving the problem, afuelcell in which only a desired reaction is
advanced using an enzyme and an electron mediator has been proposed
(see, for example, Japanese Patent Application Publication
N0s.2003-282124 and2004-71559). In this fuel cell, a fuel is decomposed
into protons and electrons 30 by an enzyme, and fuel cells using as a fuel
an alcohol, such 5 as methanol or ethagol, or a monosaccharide, such as
glucose, have been developed. [0012] However, the above-mentioned
conventional fuel cell 5 using alcohol or glucose as a fuel is unsatisfactory
in poweryeneration efficiency, andhapse s difficutiouting pragicAl . |
usga[pé)]géeAc erd{ian}qbé adtask to be achieved by the present invention
10isto provﬂe a fuel Ceff Which is advantageous not only in that it can

diré@fly-2ktract electric power from a polysaccharide to achieve
% neragion but also in that it does not require limited

high-effigj er

fossil fug‘lli %%%9%%(ﬁtri Utes to the realizanon of FEEb(FEE tREafhtbhels cell
soBfetd [8beal Anotherltask ¢e lbes acifievkdiky the prasent invantion isdRer
prenige,a electronic; dgvi vahle body, a power . generation _
sy%tem, and a C(%%%%gﬁgr%gs%%n%%%% ﬁeifboc?/%fébge%%llgﬁt RIE ciftto
DIBEABSEARE WETHE INVENTION [0015]

[0013]

Accordingly, atask tobeachievedby the present invention
is to provide a fuel cell which i advantageous not only in
that it can directly extract electric power from a
polysaccharide to achieve high-efficient power 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
fo015]

The present inventors have conducted extensive and
intensive studies with a view toward solving the
above-mentioned problems accompanying the priorart technique.
The studies are briefly described below.

[o016]
Glucoseusedasafuel inthe above-mentioned conventional

fuel cell is produced by industrially decomposing a variety
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The present inventors have conducted extensive and 25 intensive studies
with a view toward solving the above-mentioned problems accompanying
the prior art technique. The studies are briefly described below. [0016]
Glucose used as a fuel in the above-mentioned conventional 30 fuel cell
is produced by industrially decomposing a variety 6 of polysaccharides.
On the other hand, in the natural world, ,substances in the form of
monosaccharides including glucose arg not present, and many
substances are present in the form of polysaccharides. Generally,

organisNs 9429t PbiaIS er&gyﬁ&og&a@%@ﬂ%ﬂ%"x OPRID worid,
energy by taking in polysaccharides and decomposing t em%y an
en?;‘}%r‘e‘?w dractrf B Bnefgaens pefsatéiaridés hhudiesn glucose

realizecids @ biarBass ystemARd e like vsing 8.8 9bage as & fuek .
This saés%tf)r%}g)roduce,s a chemical substance, such as 10 hydrogen gas or

mé&th GioRtEstIaRd n3Ryrthé EhefHEaN SEPstafite s ProGited n

previdediedt-enctgiuley bunngdhemu b LT e), heahaeRetfe W aking in
biological acf{?nséf utilized to obtain heat energy. The heat energy is
e

convetted 1o Kinetic: enahdy GSRTRRFbIE SNEHR ke, aRdToRKEE -  Such
coswerteditbctb efeetieabengigiby sLpRwert gaperater AR thestages Pf zeq
engtg gon\r{%rsséons energy loss occurs and the energy of the fuel is
considerably wastedﬁﬁﬁ%fml%e??é‘?ori}me‘ﬁséﬂ%l eli9hat §8gdage as a
pdiysdcchdlides 20sresentindthecraturaiivearidas adfuekigenreratech as
CIRGHE RN £8 %528, SlggHical eneray can be direetl, e chemical
substances produced provide heat energy by burning them,
Further, heat generated by biological actions is utilized to
obtain heat energy. The heat energy is converted to kinetic
energy using a turbine or the like, and further converted to
electrical energybyapowergenerator. Onthe stages of energy
conversion, energy logs occurs and the energy of the fuel is
considerably wasted.
{oo17}

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 toobtainelectric power without using
limited fossil fuel. Further, garbage or waste paper can be
effectively utilized 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 €O, in air which is a current



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 25 limited fossil fuel. Further, garbage
or waste paper can be effectively utilized and hence the amount of waste
is reduced, which contributes to the realization of resource circulation
PTO%E8ety. Furthermore, plants fix Co. in air in the synthesis of _
olysaccharides by photosynthesis, which possibly 30 contributes to the
eduction of CO in air which is a current 7 problem. [0018] The present
inTenrtorshavemadevextensive lantkinteasive estudies. s aresultnitdiasive
scuf8R foud thalineuse of 3 polysacdide sy e g asaiel
e fuel Céll Can Solve Al the above pro ems.Ufa 1 ccord(fng toan
polaspecttofithddnvention, theresisa providedsa fuet cell forrgeneratingselectric &
can pgg\ie‘;ebyaflfc%nepo%ggea fur% UJ_S{H% an enzyme, characterized in thatl: the
fuel comprises a péalysaccﬁarl(?e;t e enzyme comprises a decomposing
: 00Jehzyme for promoting decomposition of the polysaccharide to form a
mdnosaccharide,tand @n oxidase for pfonidting exidation ofithe there is
onosaccharide for o decom it,a co .qxid
P2 g A Coneye raduced dus t he oxdation ofthe. Pl oy
de Ccononosascharideu ol an exidaneandegivirigtelecifonso e negativeln that:
the Slegtrode through.an elegtron meds.ator.Jp example, embodimants, for . 4

solving the above problems,
decomposing enzyme for promoting decompesition of the

(001

polysaccharide to form a monosaccharide, and an oxidase for
promoting cxidaticon of the monosaccharide formed to
decompose 1it, and a coenzyme oxidase for changing a
coenzyme reduced due to the oxidation of the monosaccharide
to an oxidant and giving electrons to a negative electrode

through an electron mediator.

In example embodiments, for solving the above problems,
there ig provided a fuel cell for generating electric power by
decomposing a fuel using an enzyme, characterized in that the
fuel contains a polysaccharide.

[0020]

There is also provided an electronic device 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.

[(0021]



there is provided a fuel cell for generating electric power by decomposing
a fuel using an enzyme, characterized in that the fuel contains a
polysaccharide. [0020] There is also provided an electronic device 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. [0021] 7a There is also provided a movable body using a
fuel cell, characterized in that the fuel ¢gll generates electric power by
decomposing a fuel using an enzyme, wherein the fuel contains a
polysaccharide. [0022] There is also provided 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 polysaccharde {0023y Thstesistalseplovidedya cogeherations Systen ,
charatSing ajuel cell gharagierized in that the fuel cell generates 8..electig +,
power by decomposing a fuel using an erizyme, wherein the fuel contains
decomppolysacehiiifle. \0024] Thesfualieell ineihple embodirmetsgenerally:
poly@é‘é&ﬁwa@f‘? comprising a positive electrode and a negative electrode

that sandwich a proton conductor.
(00227

There is also provided a power generation system using a
fuel cell, characterized in that the fusl cell generates electric
power by decomposing a fuel using an enzyme, wherein the fuel
contains a polysaccharide.

[0023]
There is also provided a2 cogeneration system using a fuel

cell, characterized in that the fuel cell generates



[0025] In the fuel cell, by decomposing a polysaccharide using an
enzyme, electrical energy can be directly extracted from the
polysaccharide. [0026] Examples of polysaccharides usable as a fuel in
the fuel cell (polysaccharides in a bro&d sense, meaning any
carbohydrates that form two molecules or more of monosaccharides by

hydrolysis, and including oligosaccharides, such as disaccharides,
el afisadcharitiess And Yetra§acenafidesfinciude statchUdmylbses s enzyme,

wheamylopeglin, sglycogen, cellulose, maltose,sucrase; and lactose. These
comprise two or more monosaccharides bonded together, and each
m%fylsaccharide contains glucose as a monosaccharide which is a

bandingruril. Amylose and amylgpectinareeemponents ef=starch, apds o
starch is a mixture of amylose and amylopectin. As the fuel, any fuel can
StrE 1SS aS 1B B8t ontaing 3™ eCbmpGaatie Folsaédiaride, ditihe" "

el el may eontainsghlugese nwhichrisardeeempasition product of a
lysaccharide. Therefore, garbage or the like can be used as a fuel.

E &?O% ] Inthe fuel cell, as the enzyme, at least a decomposing enzyme for
prometiag eecompeosition;e.gis tyelsolysissofihecpolysacebhatide taform aan
monosaccharide, e.g., glucose and 9 an.oxidase for promoting oxidation

O oo GEAbLN Ao othiad 16 UekamPRGE 1t (REt FiPlr &C Lhe
polcoenzyimeraxidase for changing a coenzyme reduced by the oxidase to

[@gzcgigdant Is also used.

Examples of polysaccharides usable as a fuel in the fuel
cell (polysaccharides in a Dbroad sense, meaning any
carbohydrates that form TWo moleculies or nmore of
monosaccharides by hydrolvysis, and including
oligosaccharides, such as disaccharides, trisaccharides, and
tetrasaccharides) include starch, amylose, amyvlopectin,
glycogen, cellulose, maltcose, sucrose, and lactose. These
comprise two or more monosaccharides bonded together, and each
polysaccharide contains glucose as a monosaccharide which is a
bonding unit. Amylose 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 contain glucoss
which is a decompesition product of a polysaccharide.
Therefore, garbage or the like can be used as a fuel.

[0027]

In the fuel cell, as the enzyme, at least a decomposing

enzyme for promoting decomposition, e.g., hydrolysis of the

polvsaccharide to form a moncosaccharide, e.g., glucese and
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5 [0028] When the reduced coenzyme is changed to an oxidant due to
the action of the coenzyme oxidase, electrons are generated, and the

_electrons are delivered from the coenzyme oxidase to an electrode

(negative electrode) through an electron mediator. 10 As the coenzyme,

for example, NAD' is used, and, as the coenzyme oxidase, for example,
diaphorase is used. [0029] In the fuel eell using glucoamylase as the
decomposing enzyme for decomposing a polysaccharide and using

glucose 15 dehydrogenase as the oxidase for decomposing a
méRcsatenafder a poRsatetandeidecompdsdtaninto ghwasertiyie formed
glucoamylans.Lar example, a ggbst%%ecﬁ%@’pngm anyone of }sétaéch,e for
amylose, amylopectin, glycogen, and maltose can be used as a fuetto

gETET B8R CtriC PAWEITG [csaagIh Jevista decsinbosing @ Grenzyméahat is
hyglrelyzas & _a-glucan, such as starch, to form glucose, and glucose

deg(ﬁldro enase is an oxidase that oxidizes (3-D-glucose to
D-gii¢SHo-S-lactone. [0030] In the fuel cell using cellulase as the

decomprEiig eRsyReIdeANdsing lucose dellydragenass a3 e e aue

oxidase, cellulose decomposable into glucose by cellulase can be used as

a fier PEaRTARE RE Fitf & SFBEHERIpX AfRest SHE Rieraberasetaread fromd,

celhuiasa{EQ32 k4 exasell@biohydrase(Eem-2re9de e oxidase to
fS'QIIIéS%%Q%S%é C 3.2.1,21). As the decomposing enzyme, 30 a mixture
of GlicSamyiate SHPITER ey IRPGddd  sRrT harre Hes tase mpdiator .

deconysosirgepmANE careaee@TRoseamast all dhe natusallyRceWERg, me
PgPAgERades A TN A se 15 usea.
[0029]

In the fuel cell using glucoamylase as the decomposing
enzyme for decomposing a polysaccharide and using glucose
dehydrogenase as the oxidase for decomposing amonosaccharide,
a polysaccharide decomposable into glucose by glucocamylase,
for example, a substance comprising any one of starch, 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-P-glucose to D-glucono-8-lactone.

[0030]

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

a mixture of glucoamylase and cellulase may be used, and, in
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generation system using as a fuel a material containing a large amount of
polysaccharides, for example, garbage can be 5 achieved. [0031] In the
fuel cell using a-glucosidase as the decomposing enzyme and using
glucose dehydrogenase as the oxidase, maltose decomposable into
glucose by a-glucosidase can be used as 10 a fuel. [0032] In the fuel cell
using sucrase as the decomposing engzyme and using glucose
dehydrogenase as the oxidase, sucrose decomposable into glucose and
fructose by sucrase can be used 15 as a fuel. Sucrase is, more

spetificadiy sat |ekise oheanembeinge lectedriomaa-glucosigase (EGnost all
3.%&&9&@}&9 -g@L dase, (EC 3.2.1.48), and O-fructofuranosidase

(EC 3.2.1.26). [0033] 2%%%%%%?31 ce %%%ﬁm%l %a&&%%?&%’é&fa%ﬁ%épo“’er
dERIGSIRG etz hRinaliti nSing ¢lucost alelydrogehasmas the nxidaberge

laglpsendece blei e galactose by (3-galactosidas
can berlljsed a:rslpa(g j?L?el. [%%4%%% %oraé%ci%rﬁ?ymga%turi%agﬁg%%z?/?nne be

reﬁﬁﬁéﬁ%@nomenon occurring near the negative electrode as an electric
signal; it is preferred that the coenzyme oxidase, coenzyme, and electron
mediator are immobilized on the negative electrode using an immobilizer.
It is prefEfrédithathk BRRSERB0 Gishlinnpebifized o thbedgativeposing

elestrorle. driaher e ldcose dehydrogenase as the oxidase, maltose
decomposable into glucose by a-glucosidase can be used as
a fuel.
[0032]

In the fuel cell using sucrase as the decomposing enzyme
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-a-glucosidase (EC 3.2.1.48), and
B-fructofuranosidase (EC 3.2.1.26).

[0033]

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

[0034]

For efficiently capturing the enzyme reaction phenomenon
occurring near the negative electrode as an electric signal,
it is preferred that the coenzyme oxidase, coenzyme, 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



decomposing enzyme for decomposing a polysaccharide may be
immobilized on the negative electrode, and the polysaccharide finally
used as a fuel may also be immobilized on the negative electrode. [0035]
In the fuel cell using starch as a fuel, a gelatinized solid fuel obtained by
gelatinizing starch can be used. In this'case, there can be employed a
method in which gelatinized starch is brought into contact with the
decnegativegleetnogechaving inkchibzed tliereonan. gnzymezandiotheesy obe
. amethod, in which geJﬁt' ized starch is immobilj %d he Ve, . .
lmgf)egﬁozfé té)életkllgéjl? wit eé%%éﬁfgyn%e‘ gﬁ%gg'gleérs. % er% %ém&%’%%%m ae
finelegtrodesdhe starcH cehcentratidisonithe surfacel 'ofthie tregative negative
ele%%%ti%q can be kept high, as compared to that achieved when using
starch in the form of a solution. Therefore, the decomposition reaction by
[00thé kenzyme is faster and hence the output is improved, and further the

solid fuel is_easier to handle than a solution fuel, and can simplify the fuel
sUpplyifig system, ahdl intidditiors the Hiel €2l éantH& moved Upsiie 1t zed

sodown:and hepee is,veryadvantageously: useds in, mabile deviges. [0936] 1n
The fuel cell in example embodiments can be used in any devices which

“hifeddréfectiic poverEhd Ra@Bny &res difetcan bel udddn, fof examplesd
st glectronic devices,tmavable bediescpower eviees, Gopstrugton: 1 ect rode
~machines, machine tools, power generation systems, and cogeneration

haElRtemETeNd thé Sapplicatioh bf e e EBR d&térniihes e otfput, Jze 2o
in orforn ofthe fuel cellor the type ofdheifuelrilized on the negative

glectrode, together with an enzyme and others. When using
such an electrode, the starch concentration on the surface
of the negative electrode can be kept high, 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 simplify the
fuel supplying system, and, in addition, the fuel cell

can be moved upside down and hence is very advantageocusly used
in mokile devices.

[0036]

The fusl cell in examplie embodiments 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]



[0037] 12 The electronic device in example embodiments may be
basically any electronic device, and involves both an electronic device of
a portable type and an electronic device of a fixed type, and, as specific
examples, there can be mentioned cellular phones, mobile devices,
robots, personal computers, game machines, devices mounted on car,
household appliances, and industrial products. [0038] The movable bod
in Bxampiessrhbesintentsihby e HasiGalF e meVapRBEds andey P
na s SPgeific examples inclyde automehiles; &wo- wheeledrvehieles, airerafts, an
_rockets, and spacecrafts. [0039] The power generation systemin
elechahpe Efbodintents may e Hasiealy aﬁﬁ pOWergéteration §ystert %
a andomaydheen either a lage sgale of a-smallseale; and, dscadfuel-an  be
polysaccharide, garbage comprising, polysaccharides, or the like can be
nenty k3400461 Fhe Codendtation S&temtin 8xAmple embodimients A&y Be™
combasically apyreogenerationssystem anskmay beteni either adargehscalerarid

a small scale, apd, as a fuel,%polxs%gcharide, garbage comprising

2PP pbfREEcHarited, oF thelike'én bé G585 10041] In example embodiments
having the above-mentioned construction, a polysaccharide contained in
[903Rd fuel is decomposed by an enzyme into monosaccharides, and.

%Iﬁgtr}ggéra I’i%rg:yo B? %@&l&ﬁ[y %%%geﬂﬁgnwiﬁ@gk}gﬁcally any
monosaccharides by an enzyme.
movable body, and specific examples include automobiles, two-
whesled vehicles, alrcrafts, rockets, and spacecrafts.

[0032]

The power generation system in example embodiments may be
basically any powsr generation system and may be on either a large
scale or a2 small scale, and, as a fuel, a polysaccharide, garbage
comprising polysaccharides, or the like can be used.

[(0040G]

The cogeneraticon system in example embodiments may be
basically any cogeneration system and may be on either a large
scale or & small scale, and, as a fuel, 2 polysaccharide, garbage
comprising polysaccharides, or the like can be used.

[0041]

In example embodiments having the above-mentloned
construction, a polysaccharide contained in the fuel 1is
decomposed by an enzyme into monosaccharides, and electrical
energy can be efficiently extracted upon oxidizing the

monosaccharides by an enzyme.



ooy

and a

i2a 0042] In example embodiments, an enzyme is used as a catalyst and
a material comprising a polysaccharide is used as a fuel, 13 and thus a
fuel cell capable of generating electric power with high efficiency using a
polysaccharide as a fuel canbe obtaiged. The fuel cell makes it possible

to directly extract electrical energy from, for example, garbage containing
a large amount 5 of polysaccharides, thus enabling effective utilization of
?age. Further, the fuel cell does not require limited fossil fuel, and
contributes to the realization of resource circulation society. In addition, a
polysatehsrdenshichisodafenitien itis 8atefiean be GS6d as afuehtandst

therefore 10 afuel f@ﬂ@?d\éa@@%%é%g%%@z@si% mebile product gan be
obtained. Furthermore, for example, when using gelatinized starch as a

fuel, the fuel is easier to handle than a solution fuel, and can simplify the
fuel supplying system, thus obtaining a fuel cell advantageously used as
a mobile product. 15 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 20 [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
25 decomposition of starch and cellulose into glucose by an
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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. 30 [FIG. 4] FIGs. 4 are diagrams showing the glucose 14
concentration distribution in the direction perpendicular to the surface of
the fuel electrode in the fuel cell according to one embodiment of the
present invention. [FIG. 5) FIG. 5 are djggrammatic views showing a fuel
5 cartridge used in the fuel cell according to one embodiment of the
present invention. [FIG. 6) FIG. 6 is a diagrammatic view for explaining a

methdd forssapplyng-a fuetip tha Biekcglacearding: to1 ene £10bogdinment: 1 n
of.the resent invention.,10 [FIG, 7) FIG, 7 is a diagrammatic view for

ex%ﬁning AFhethod Tor dhph iy 1G5 R The S et BdiNsdcoriimG P bhened -

erfibedimehtaafthenplese rittimentinm §H6 Br&: Bjisattiagaemeatic i cal
view for explaining. an example of the method for supplying a fuel to the

fuel geléﬁlSP lé‘éé“dﬁﬁé‘ tg%arl}%gekr%bo%?rﬁgﬁ?gf T8 h%ﬁ]\?er]iﬁ(ﬁ%’.e[r—?@c.’unt
OYHI PO s a didgranieatic view fenekjlaining fakatherexample phtheon of

thed for supplyipg a fuel o the fuel cell according to one embodjment
of the pr%gent invention.” [FIG%. 1|?§)l %G.C?[%'ltls%%(ﬁgg%?nt sﬁ%ﬂ}i’“&gr the imited
reSefs bt 20eke G¥YEneastrethertkin Exatipte deafltheqirésentinventionrce

[RIGrdd] BGoh1ds 2 diagramy showing }gb?hag Al thgggﬂernigsm%t ch is
with time at a constant potential O V of the wor mg}éfectro e relative to
thefeterBifie dlecik§deas e can be used as a fuel, and therefore

a fuel cell advantageously used as a mobile product can he
obtained. Furthermore, for example, when using gelatinized
starch as a fuel, the fuel is easier to handle than a solution
fuel, and can simplify the fuel supplying system, thus
obtaining a fuel cell advantageously used as a mobile 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
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electrochemical measurements in Examples 1 and 2 of the present 25
invention. [FIG. 12] FIG. 12 is a diagram showing the results of the CV
measurement in Example 3 of the present invention. [FIG. 131 FIG. 13

are diagrammatic views of a fuel cell used in the evaluation in Example 4

of the present invention. 30 [FIG. 141 FIG. 14 is a diagram showing the
results of 15 the measurement of currgpt-voltage characteristics of the

fuel cell used in the evaluation in Example 4 of the present invention. 5
BEST MODE FOR CARRYING OUT THE INVENTION [0044]

HéresisElbwe bhererbotiment obthé prasetimeentiomwilk the:dasesied- to
with re o the nying drawings. [0045] 10 FIG. .
digglréargr?r{?a@t%gﬁyés?hg?v% g?uge cég%gc%? g o[tglr?e ]Jélr}‘neolo&e élntagﬁ‘%dmg
preSefEmVeREeA IAsBRoRH iRt r¢stetfutheethcamprises a fuel

electrodeslfggadye piRsrasie).Lvdichelecaaposes ARANSACHIAIE o)
supplied as a fuel using an enzyme to get electrons and genera e%rotons

15T T iiP8 sthef hhayBe 3wkt redAdasts ondii potonspaadeancali ment

eleetrode (positivg elactiade) Qwhich is separated from the fuel electrode
1 by the electrolyte layer 3, and which forms water from protons

transportbddroflthefitet efectfode U Asrormhahe eladwolyfotayerslaining
eleatransdiedrisemsiiefueh 26 eleetredechthroughan externaleirouit and .

oxygen i at, [0046] The fuel cleciiode 1 comprises an electiode 11
compris ’

[FIG. 7] FIG. 7 is a diagrammatic view for explaining
a method for supplying a fuel to the fuel cell according to
one embodiment of the present invention.

[FIG. 8] FIG. 8 is a diagrammatic view for explaining
an example of the method 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 present 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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of, e.g., carbon having immobilized thereon, by an immobilizer (e.g., a
polymer) , an enzyme responsible for decomposing a 25 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 gxidase (e.g., diaphorase) for
oxidizing the 30 reductant (e. g. , NADH or NADPH) of the coenzyme, and
an electron 16 mediator (e.g.,2-amino -3-carboxy-l,4-naphthoquinone;

ACN@nearsviismisnit Y ferieceiving elacitansgengrated due 1o4he v he Fuel
ox(i:dealt'ion of the. coer%lz me frgm the coenzyme oxidase and delivering the

CHiodE 1 Bbv%?) The R actrariat Jdapl@as3ent

eléctrons to the elet
fuelhcempiises two or more monosaccharides bonded together. Examples
of the polysaccharides include disaccharides, such as maltose, sucrose,
andlactose, starch comprising amylase having a linear 10 molecule and
arRiRpdtinthaviiry ARARENE] molequie, INgEwmalesular glycogen
having an amylopectin-like branched molecule, cellulose having a linear
molecule, and saccharides as intermediates thereof. [0048) 15 As an
enzymeiespbnsbletor deesmposingea palysduemardena decemposingill
e Lapable of cuttin ide.Ji hydrolysis or the like is
uzﬁrav%hen théé%pgggﬁc%fﬁ%%g%%ga#c%%gan%gg %?ﬁ%{g éggo%]ﬁ%‘gfhn 8-
edAfH&S include hydrolases, such as glucoamylase (EC 3.2.1.3),

a-amylaseEG 20 32 e 3AURSGLEC A2 1-2- AMnathese .

one embodiment of the present invention. As shown in FIG.
1, the fuel cell comprises a fuel electrode (negative
electrode) 1 which decomposes a polysaccharide supplied as
a fuel using an enzyme to get electrons and generate protons
(H'), an electrolyte layer 3 which conducts only protons, and
an air electrode (positive electrode) 5 which is separated
fromthe fuel electrode 1 by the electrolyte layer 3, andwhich
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., carbonhaving 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, and anelectron
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glucoamylase (GAL) decomposes starch into glucose. EC indicates an
enzyme number. [0049] Other polysaccharides can be decomposed by,
for example, 25 the following decomposing enzymes. [0050) <Qlycogen>
Glucoamylase (EC 3.2.1.3) (X-Amylase (EC 3.2.1.1) 30 <Dextrin> 17
Glucoamylase (EC 3.2.1.3) <Cellulose> Cellulase (EC 3.2.1.4)
Exocellobiohydrase (EC 3.2.1.91) 5 (3¢Glucosidase (EC 3.2.1.21) Here,
enzymes capable of hydrolyzing cellulose are collectively referred to as
“cellulase". As examples of cellulases, there can be mentioned the above

threedypeeof erzymesaand cellulosercanbe d@cggfmﬁ&g}%g}gggggm{g )
in I of.at least one member selected from the three
g R AC 100 ST S0 S Bhisy o the

is arstrediicenneftasbebotitaeisnen Suorosehel -Malogacanhgase and
degompesed glsofy gicoamyiase 10052 SPusIgser, §Slucosidase
(EC 3.2.1.20)

{00471}

The polysaccharide usable as a fuel comprises two or more
monosaccharides bonded together. Examples of the
polysaccharides include disaccharides, such as maltose,
sucrose, and lactose, starchcomprisingamylose havingalinear
molecule and amylopectin having a branched molecule,
high-molecular glycogen having an amylopectin-1like branched
molecule, cellulose having a linear molecule, and saccharides
as intermediates thereof.

[0048]

As anenzyme responsible for decomposing apolysaccharide,
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), o-amylase (EC
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 example,
the following decomposing enzymes .

[0050]
<Glycogens
® Glucoamylase (EC 3.2.1.3)
* o-Amylase (EC 3.2.1.1)

<Dextrins
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Sucrose-a-glucosidase (EC 3.2.1.48) 20 (3-Fructofuranosidase (EC
3.2.1.26) Here, enzymes capable of hydrolyzing sucrose 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 25 of at least one member selected from the
three enzymes. [0053] <Lactose> (3{zalactosidase (EC 3.2.1.23)
<1,3-(3-Glucan> 30 Glucanendo-l,3-0-D-glucosidase (EC 3.2.1.39) 18
<a,a-Trehalose> a,a-Trehalase (EC 3.2.1.28) a,a-Trehalose
phosphacylasg (E€:2.4:t.64) 2<Staghyose> 5 a-Galactosidase (EC
3.24.33, %-Glgcosidase (EC 3.2.1.20) <Glucosides> (3-Glucosidase
(EC 3.2.1.]21§?:|G. 2 shows an example of the decomposition of starch 10
ard €ellllodesrto(glacese by anjenzyme. [0054] The enzyme responsible
fo mpoesi manosaccharide includes an oxidase that participates
inﬁgg%ggé%rg%%%x glﬁ?ﬁéa d cgm%o%i‘tFOhgﬁl)ocess. When the
palyBaEdvaride ass starch 3glycagen,)cellulose, or maltose, the
monosageia e nes RABKPl LRy RA AR R AL
collectively referred to as “cellulase”. As examples of

cellulases, there can be mentioned the above three types of
enzymes, and cellulose can be decomposed into glucose in the
pr@senceofatleastonememberselectedfromthethreeenzymes.
[0051]

<Maltose>

e a-Glucosidase (EC 3.2.1.20)

Thisenzyme isalsocalledmaltase, but it acts on sucrose.
Maltosge can be decomposed also by gluccamylase.,

[0052]
<Sucrose>
® o-Glucosidase (EC 3.2.1.20)
¢ Sucrose-o-glucosidase (EC 3.2.1.48)
¢ B-Fructofurancsidase (EC 3.2.1.26)

Here, enzymes capable of hydrolyzing sucrose 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]
<Lactoses
¢ B-Galactosidase (EC 3.2.1.23)
<1, 3-B-Glucans>
¢ Glucanendo-1,3-f-D-glucosidase (EC 3.2.1.39)



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 20 be mentioned glucose
dehydrogenase (GDH). The use of this oxidase can oxidize (3-D-glucose
to D-glucono-S-lactone. [0055] Further, the resultant D-glucono-S-lactone
can be decomposed into 2-keto-6-phoggho-D-gluconate in thepresence
25 of two enzymes, i.e., gluconokinase and phosphogluconate
dehydrogenase (PhGDH). Specifically, D-glucono-6-lactone is hydrolyzed
intedD-@hucesata card D-gluconate is phosphorylated by hydrolyzing
adenosine triphosphate (ATP) in the presence of gluconokinase into
ad'en%’s?r‘feTafgﬂ%égﬁﬁte( § (AD?})Jar%gﬁhosphoric acid, thus forming
6-phesph@beghivosatehtl: pHa-tesudiant ephosphe-R-gluconate is
oxi@ggq:l%oz-kgto-&phospho-D-gIuconate due to the action of oxidase
PhGDH O§6ﬁ 5 In addition to the above decomposition process,
glacos&carhesidospogat nte CO2utlizing carbohydrate metabolism.
The de osition progess_utilizing_carbohydrate metabolism is roughly
cIElsf'c,gl:fi{e“;(:l‘;)L ?ﬁ%sdlecg%sr%poﬁggo% 'o% 'g%u‘czo% and formation of pyruvic acid
thr&igtra Hissytic pathway and 10 a TCA cycle, and these are widely
kno‘ﬁﬂd%%%%flé& tg%c[%osz] :'EI' hfquidation react_ion in the _
monosaccharide decomposition process accompanies a reduction

reaction"df& coéhsfeaTHexeounzynd is Hetetrtinegaimosbalweysstarch

10 dgpendiBdiuiose into glucose by an enzyme.
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{00541

The enzyme responsible for decomposing a monosaccharide
includes an oxidase that participates in the redox reaction
in the decomposition process. When the polysaécharide is
starch, glycogen, cellulose, or 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. 2As 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-6-lactone.
[0055]

Further, the resultant D-glucono-8-lactone can be
decomposed into 2 -keto-6-phospho-D-gluconate in the presence
of two enzymes, i.e., gluconckinase and phosphogluconate
dehydrogenase (PhGDH) . Specifically, D-glucono-8-lactone
is hydrolyzed into D-gluconate, and D-gluccnate 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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15 on the enzyme used, and, when the enzyme is GDH, NAD" is used as
a coenzyme. Specifically, when GDH causes P-D-glucose to be oxidized
to D-glucono-S-lactone, NAD'" is reduced to NADH to generate H. [0058]
20 The resultant NADH is immediately oxidized to NAD" in the presence
of diaphorase (DI) to form two electrons and two protons H. In other
words, in the oxidation reaction on the {fifst stage, two electrons and two
protons H' are formed per one molecule of glucose. In the oxidation
reaction on the 25 second stage, four electrons and four protons H' in total

ar@hformeduf0059} FTheklecthondgenerated insthesakoveiprsessare
delivered irg_ H"QHH rase t the electrode 11 through an electron 30 .
mediator, and the protons H gFeotr%geﬁéepégrl?eed ﬁ)oth%gég“’lr Bectidyecs0 B dase
thidughithe electrolyte layer 3. [0060] The electron mediator delivers
elggtrens to the electrode, and the voltage of the fuel cell depends on the

5 oxidation-reduction potential of the electron mediator. In other words,

for obtaiffhGdHighervbhidges abelettsreonediator iavingarmmse glucose
negativepatestig/anthe fuel @&2 qirogde; }ﬁ{%eéglpxg%@%@é/ tseele&e%otlull sm.

the reaction affinity of the electron mediatorwith an enzyme, the electron
exXCHaTRE PAR e ot therdiee s e tr ke baa tardsiabilig bethetabolism

elestrennaediatorta a INNINOR faCtak (SHEDAS QNG PT o PYEEyANd e
like must be taken into consideration. From
ormation of pyruvic acid through a glycolytic pathway and
a TCA cycle, and these are widely known reaction systems.
[0057]

The oxidation reaction in the monosaccharide
decomposition process accompanies a reduction reaction of a
coenzyme. The coenzyme is determined almost always depending
on the enzyme used, and, when the enzyme is GDH, NAD' is used
as a coenzyme. Specifically, when GDH causes B-D-glucose to
be oxidized to D-glucono-d-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'. In other 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]

Theelectrons generated inthe above process are delivered

from diaphorase to the electrode 11 through an electron

mediator, andtheprotonsH'are transportedtotheairelectrode



this point of view, as an electron mediator for the fuel electrode 1, for
example, ACNQ or vitamin K3 is preferred. 15 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-phospRgfe structure can be used 20 as an
electron mediator. [0061] For achieving an efficient and steady electrode
reaction, itis preferred that the enzyme, coenzyme, and electron
mediatofcargimainaisedatl pptimuwder the enzyme, for 25 example,

pl—t gggi 7, using a buffer, such as a Tris buffer or a phosphate buffer.
Further, too large or too small ion strength (I.S.) adversely affects the
enzymElaetity; andn fram dhe viewmpbiriof ackievingexeghe e1ect rode,
electrochemical response, it is preferred that the ion_strength is an 30
ar%%p%g'?e \\/fﬁtijle:ai%gr e%%aerrifp g, % 8Et 63 TheRA AR LOsEd 21
indRAdidydravestirecoptimupe pkhand the Dptieual ncstsengiyiandr. In
h di trength are not limited to the above values. [0062
5%%513@?@?%%%@5@2&%&&1 éfé%t%nﬂlﬁ %forvrﬁa%%eljsea&’ ieﬁ]tf%gtr H
forrrGfd eslbtor irea bulfernbyt forefficienthy Gaptutingdhmenziee t rode
reaclinfhengmenopRaQLgdRAIdhe, leqliode as ap.gieclic. signal I
is preferred that at least the coenzyme oxidase and the efectron medlla%r
afdfnfrigiiiizZee Dohitvecslectide el arsingran ittmobilizet.\Wiherkthieange

10 CP4¥B€for the electrode 11, the structure stability of the
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electron mediator to an inhibition factor (such as light or
oxygen) , and the like must be taken into consideration. From
this point 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]

Forachievinganefficient 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 Tris buffer
Oor 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 isg an

appropriate value, for example, about 0.3. The enzymes used
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for decomposing a fuel and the coenzyme are further immobilized on the
electrode 11, the enzyme reaction system at the fuel electrode 1 can
bestabilized. As the immobilizer, for example, glutaraldehyde (GA) and
poly-L-lysine (PLL) can be used in 15 combination. They maybe used
individually, or other polymers maybe used. By using an immobilizer
comprising a combination of glutaraldghyde and poly-L-lysine, the

enzyme immobilizing abilities of the individual components can be fully
utilized, so that the immobilizer exhibits collectively excellent enzyme 20
imbmatitrzidg abllityh v thishease: amepHmuRdatie ofpaitamIdsh¥Is 9.,

poly-L -lysine varies depending on the enzyme to be immobilized and a
B R T ET R e Fat g BBty e above
Spedificaily, aratioofanaqueous glutaraldehyde solution (0. 125%) to an
aqw}poly-blysine 25 solution (1%) is 1:1, 1:2, or 2:1. [0063] FIG. 1
shows an example in which the polysaccharide is starch, the enzyme
responsiBlé fendgasmposing e pelydact hatideintosnoansaceharitesised

gluORAYIRR6-HGAE) SA UG dgComposes starch jnto glycose, the o
enzyme responsible 22 for decomposing the mohosacehafde formed Y
(3P GNICER) tE g RizaEE slfrirbienasbdGI)) the coenzymeywikelr the
f%ﬁ@c%ﬂ&ééfé%nég@&%8@%@%‘1@%@% @%%e@og%sgﬁghaa{@? east
decomposition process is NAD', the coenzyme oxidase for 5 oxidizing

NHEEHF AR R R re AR LI Theney e Tediativorase (Diicnd theed

electionamediaiertonseeeiving from the cosnzyme .idaﬁge%lxe%tﬁ%nsenzyme
ggenerated due tg the oxidation of the coenzyme and delivering the
e

%{rgﬁg?@wé@%éel and the coenzyme are further immobilized

on the electrode 11, the enzyme reaction system at the fuel
electrodelcanbestabilized. Asthe immobilizer, for example,
glutaraldehyde (GA) and poly-L-lysine (PLL) can be used in
combination. Theymaybeusedindividual ly, or other polymers
may be used. By usingan immobilizer comprising a combination
of glutaraldehyde and poly-L-1lysine, the enzyme immobilizing
abilities of the individual components can be fullyutilized,
sothat the immobilizer exhibits collectivelyexcellent enzyme
immobilizing ability. In this case, an optimum ratioc of
glutaraldehyde topoly-L-lysinevaries depending on the enzyme
tobe immobilized and a substrate of the enzyme, but, generally,
theratiomaybearbitrary. Specifically, aratioof anaqueous
glutaraldehyde solution {0.125%) to an aqueous 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 glucoamylage (GAL)

which decomposes starch into glucose, the enzyme responsgible



11 is ACNQ. 10 [0064] The electrolyte layer 3 is comprised of a material
which is a proton-conductive membrane for transporting protons H’
generated at the fuel electrode 1 to the air electrode 5 and which has no
electron conduction properties and can transport 15 protons H'. Examples

of the electrolyte layers 3 include layers comprised of
aperfluorocarbonsulfonic acid (PFS) re%s}tr)l membrane, a trifluorostyrene
derivative copolymer membrane, a polybenzimidazole membrane
impregnated with phosphoric acid, an aromatic polyether ketone sulfonic
ackbmaimbea RS9 A RY Ave dalyshienaaulionic,agidpobimd alcobpl s o
co(‘go%b/rggg, %(ra PSSA-EVOH (polést renesulfonic acid-ethylenevinyl
alCohoICESpSITETT CEt IR, [rBiired1aca RERR BETDISREDF diprms a
iomakehange frsinthaving axifinEce0RaIpNgEARIOR HeUBRISAGIGha r i de
grgugb%ndﬁ%ﬁcificalybNafion (trade name; 25 manufactured and sold by
DU PontCo.. USAF TS fo0eb Y he HielccfbdyBas editfredor
carsdr olmdeniaiing el catalyst casried thereanor satalist pYESB e is
whi S rted arbon. In the catalyst, for example, fine 30
palarﬁc ggg&gp%étimp(ﬁ)n%% w?eepap"rﬁtélre%no?‘gf%a%? o 2F LSffsitidly from
mieks, eprizaTizorr(Fd) seicket (NDonehain éCa) car dutheriuhdRw): qand on
plat r 25!?3? ...Ihe air glectrode 5 has a structure such
thli?,r%{ree%g%w%le, a %%t%%ﬁ } Catalys %fgreccotngﬁﬁlfeﬁ%ftgéerbec}ne&rOde
péwdéP 5A¢8iprising a catalyst and a gas diffusion layer comprised of a

10 pqmqarbon material are stacked in this order from the
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The electrolyte layer 3 is comprised of a material which
is a proton-conductive membrane for transporting protons H'
generated at the fuel electrode 1 to the air electrode 5 and
which has no electron conduction properties and can transport
protons H'. Examples of the electrolyte layers 3 include
layers comprisedof aperfluorocarbonsulfonicacid (PFS) resin
membrane, a trifluorostyrene derivative copolymer membrane,
apolybenzimidazole membrane impregnatedwith 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
lon-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.
[0065]

The air electrode 5 is comprised of carbon powder having
& 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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electrolyte layer 3 side. The structure of the air electrode 5 is not limited

to this, and an oxidoreductase can be used as a catalyst. In this case, the
oxidoreductase and an electron 10 mediator for delivering electrons to the
electrode are used in combination. [0066) At the air electrode 5, protons

H' from the electrolyte layer 3 and electrons from the fuel electrode 1
reduce oxygen 15 in air in the presencg®f a catalyst to form water. [0067)
In the fuel cell having the above-described construction, when a
polysaccharide, such as starch, is supplied to the fuel electrode 1, the
polySacmakeeos kol zedwyramrenzyore 20t monrsacoharidessobalt

suehas, ghicasaandfudher the mon haride is decomposed by a
decomposing enzym(:aL compri@ing an %?(?c%a%e?%é) 6xﬁf};\s%>%£%c?p%\%e§9fﬁ d.

thé chds &t CorpasRicH: processeoforh idth elediransxant Le ,
pratensHi 9aithe fuel eleetada:l sidcl?é?ak' '298@%@?@5&%8%25%2%@@

an electric current between the fuel electrode 1 and the air electro

[06BBPIATABI R T tHESy pRrsk the e cbiifosuise palysaccharids sed of
detepminec depansingQpdhe e ok the 304ecampeaing enaupeheld qn .

immobilized on the fuel electrode 24 1. When a mixture containing a
pltiraiity bf polysadeithides {fsrsed 48 & HBIC BREPRSS foeraspectrsty rode
decampasing the trelysaceharidesace helder immobilized an the fuel seq
eleguet DS MR NY e L ST Oy L J3PR9S, ctrom
mediator for delivering electrons to the electrode are used
in combination.
[0066]

At the air electrode 5, protons H' from the electrolyte
layer 3 and electrons from the fuel electrode 1 reduce oxygen
in air in the presence of a catalyst to form water.

[0067]

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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5 or the like can be used as a fuel to generate electric power, enabling
effective utilization of garbage and others. [00691 Furthermore, the above
fuel cell can use as a fuel a polysaccharide having a high energy density,
which is safe 10 when it is eaten, and further can work at room
temperature, and therefore is advantageously used in mobile products.
With respect to the energy density obtgined when using a polysaccharide
as a fuel, taking cooked white rice as an’example, the energy of starch
contained in about 100 g of cooked rice 15 (corresponding to one rice

bow) anthahautmi6Q keal)cariesponds 1o -Size alkali
dry, cells (about 3 Wh per cell), whichéisi£ aﬁggﬁfé?ér%%%%szﬁ?%qﬁgfdes
to bf More RANRHA DhtaflRETSH £ gicssPssItior IPofjeacohaidaias he

a foel gan denasadiinsthe ormief ap aaHeEHS SO, PUL20 therecan be ;.
e plq:\gad a.method in which the polysaccharide is gelatinized like starch

glﬁé and BroUGREMIS Eontsctnft Hid hret Bsttrodeén pfdihémid firrbage

whichtthe polysacehaside:ds disposegunithinothesfuak slectrade 4, apdfhys,
in.the fuel cell, which is further advantageous

a golidified fug% gan bie usedt

25 to mobile products: Gludose h4§ B 5dbRIm F HRaHiuéssk HaviiFa
smaéffusion coefficient, as compared to methanol or ethanol, is
disadvagtaasous to a fuel;molecule diffusion controlled reaction which
proceeds whefél%lég ]é?dcg%lé%s%%%\éeag%efg&% eI 5i% 86lufiohel 2
HBAEY8Rwher tdmethod 89 in \ihiigh starchgs gilatinized angineugbt safe

infg, ggniqct;with 25 the F[Hﬁl %Iggrtr%ge 1 or a method in which starch is
e

disposed within the fuelelecirods 1 is empldyed: the afh temperature,

and therefore is advantageouslyused inmobile products. With
respect to the energy density obtained when using a

polysaccharideasa fuel, taking cookedwhite rice asan example,
the energy of starch contained in about 100 g of cooked rice
{corresponding toone 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 egqual 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 solution. However, when a method

in which starch is gelatinized and brought into contact with
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concentration on the surface of the fuel electrode 1 or in the fuel
electrode 1, namely, the glucose concentration can 5 be kept high, so that
the output is improved, as compared to that achieved when using starch
in the form of a solution. In addition, a solidified fuel, such as starch glue,
is easier to handle than a liquid fuel, and can simplify the fuel supplying
system, and thus it is very effective when the fuel cell is 10 applied to
mobile products. FIG. 3 shows an exarﬁéle in which starch glue 6 as a
fuel is immobilized on the fuel electrode 1.[0070] When starch which is a

polgﬁgcgg@jdg i s a fuel, 15 the glucose concentration on the
surface of the fﬁ%#ggg%dg 2orin %%%%I Jéileé‘fekr]ol 155 62 Repthighosed
as toRipdretihto ffize bbtdinetneiden bisiby glupdsyadichissa starch

mangsacrhatde s afuel Spegifically. for %amrg\'?efr@ 'géﬁrcé’ faiped 1,
in starch comprises several hundred to severa?t ousand molecutes 20°5f

glucdBRe5ided e6§ePRe Andnaehvond heoletuloskamylose assa fusl can
maleculgarivesat the syHacef @@tfblﬁkek%‘?tﬁ?&er&v%fj i%%Si gmt%eredl to
e

transport speed of glucose to the surface of the fuel electro IS Severa

huhBfdd 85 BaGaf (AR At e § fratele hiayddwheprusing glusosaiagon .
a fuslakivathes25 Werls: dhe vse @h@tﬁrcgﬁaafg@aa%%%sgaegﬁswéeetg%ier

transport glucose to the surface of the fuel electrode 1 at a higher speed.

[00PLPRIG SR BRGWS Fitad $eith 8 S20& impisiferhbatiieheusplying
megsiremeninaf a ehange aldhecsurreptruith e gha,costant28 ce11 is

applied to mobile products. FIG. 3 shows an example in which

starch glue 6 as a fuel is immobilized on the fuel electrode

1.
[0Q70]

When starch which is a polysaccharide is used as a fuel,
the glucose concentration on the surface of the fuel electrode
1 or in the fuel electrode 1 can be kept high, as compared
to that obtained when using glucose which is a monosaccharide
as a fuel. Specifically, for example, amylose contained in
starchcomprises several hundredtoseveral 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 starchas a 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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potential, a state in which a steady current flows is a diffusion-controlled
state) was conducted in a solution containing starch and glucoamylase
(GAL) using an enzyme-immobilized electrode having ACNQ, diaphorase
(DI), 5 and glucose dehydrogenase (GDH) immobilized on the electrode
11 by an immobilizer and a satisfactorily long period of time had lapsed
(diffusion-controlled state). Similarly, FIG. 4B shows a state such that a
CA measurement was conducted in a %‘f’ucose solution using the same
enzyme-immobilized electrode 10 and a satisfactorily long period of time

h iffusion-controlled state). The enzyme reaction inthe |
ei‘gg/%ge%%ré%biIi%e%i]te%%gtrcl)ae‘@ 34 |sf§ct%ﬁﬁ/afga‘s’tﬁﬁﬁf Y10¢ 848 whitHf
hadiréhERégthe sukfaed lofdhe tidctrodestsy diffidsion@anibe yernsmapidlyn

deconmeserh dRbECeISlions ho . 11A slectode, |n e, gase of FIG.

4B, on the surface of the electrode, the tonsumption oflb?ﬁggseagy the
erfyREmMATERz el Eedtobedialadee S withrthersiiply &f aglicose by (DI ),

diifueiom emsbeahyrass saluton fapayanfian: e eanymermmoblized,.
electrode to exhibit a constant glucose 20 concentration gradient. Ris

gltidoB¥ EhéafeRidr gradml Actatmmbacteuridnt lang trerlbegepthe ime
glHaasegancentaton GradientHthelangey %@éfre.m-sﬁ'?ﬁtﬂﬁyi ,C%‘%Sr.‘tzm

can be increased by increasing the glucose concentration. On thie other

hEREUR (ReS e ofEE. BAR hoglGloBe 76 prezient in 25heossiutdedt in a
thelheginaizg Dh HiHMABSHL Mt BLIRS SRR EBRRINS e electrode

glucqamylase, as well as starch, and hence glucoamylase hydrolyzes

stiteh t Fsthi §RZGE8T tthid ClYe PERIRE sBiffabé Tt the @ldctrutrd the
cdasumiptiaenf ghioosel bydhe enzyme-inpmohilizegelectrode halanges, o

Wétgggﬂ%gyﬁgrlm}/obilized electrode is satisfactorily fast, that is,
glucose which has reached the surface of the electrode by
diffusion can be very rapidly decomposed 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 solution far away from
the enzyme-immobilizedelectrode 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. Inthis case,
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



30 by diffusion of glucose formed in the solution containing 27 starch and
glucoamylase and the supply of glucose formed due to glucoamylase
present on the surface of the electrode, determining a current. The

glucose formed on the surface of the electrode increases the glucose
concentration on the 5 surface of the electrode, as compared to that
obtained when using a glucose soluti%compared in terms of the

ultimate glucose saturated solution) . en glucoamylase and starch are
further immobilized on the enzyme-immobilized electrode, that is ths
cogstuetion s b EHG: 3ds emplayed, v LCABAS 4 u
further im roveéyy[%mzﬁ\lei?%e%? fgp glﬁ)%?yﬁfgj%q%%%o t e)f’ueeld ©
celifs HAPHBYL Ao PIFRSERSe MR Stafel fngsedis thfuetlectrode,
meetiened )07 Slrien?A shows anuwsised sardshapeddush rrace of
car ridgel32 filled with a fuel 31 comprising a starch solution (amylose,
amylopectin-&a &d&gﬁ?ﬁﬁelﬂ(&%egfh‘éﬁfﬁla‘;/@&ﬁ%r(j!Eléé_’§’e,_f3n the
NADH ar¢hefikehand, dasuehe, case C(EB\%&hFEQNt%Q %tlggf@g%éqqagg Qfhen
th eration.can be large, as compared to the current obtained when

usf}‘ ﬁ%qégfuael% u&?rﬁ%ri%ﬁgugﬁ@ns{aggwpﬁf@%B%H&Wﬂwé’ﬁs@@@fl}é}t1mate
cartrivtys 82 settiolr diasd usethaltthe)fuel Bheln ?@%o’éﬁnﬂl&ls@?i%%ﬂezﬁg&ecs h
n I signate fuel pushers. Reference numeral 33c
dggi]gn%‘l%ﬁg%%ﬁ%l §rlp%‘s %%gofhéqﬂ? P Ay BOIRCAIdS 35 & %(’?ﬁfemde ‘
fuerplisire 8320 BSbr Theifue|Pusheri3dris fizerktedpe dyelarriddsove

10 3%f§%‘ij:{:hec§plri%% 3§&1QH1$QI€ Sitrggroved .
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[oo72]

Next, a method for supplying a fuel to the fuel cell is
described. Here, the case where starch is used as a fuel is
mentioned.

[0073]

FIG. 5A shows an unused, card-shaped fuel cartridge 32
filled with a fuel 31 comprising a starch solution (amylose,
amylopectin), starchglue, orthelike. The fuel 3lmaycontain
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 FIGs. 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.

[o074]
F1G. 6 shows the fuel cell in which the fuel cartridge
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fuel pusher 33b against the fuel 31. [0074] 30 FIG. 6 shows the fuel cell in
which the fuel cartridge 28 32 has used all the fuel 31. The fuel cartridge
32 is contained in a fuel cartridge container 34. The fuel cartridge
container 34 has a cartridge inlet 34a through which the fuel cartridge 32
is inserted into the fuel cartridge container and a cartridge 5 outlet 34b
through which the fuel cartridge 32 is removed from the container. The
fuel cell has a construction such that &?air electrode 5 comprised of an
enzyme-immobilized carbon electrode having an enzyme immobilized on

posgys-carhnand electrode 1.comprised of an _ _
en‘zymg-immobiIizedia}ga%reéIc'Jerﬁlc(%](iz‘]ec@;g1 elp ae\;n%agﬁ‘ ChImadang gRrrained
eléétrdh Rddiait ihfdwbilizets byan IMmobilizef oapareusicadhenliket ainer

inExampleargdisposgd ﬁqth@tiﬁsygﬁ%%ggﬁhw?}i‘%tqﬁ;e“%ﬂslsega@%ge
35 as a proton conductor (corresponding to the electrolyte layer 3). Tn
FI& 6 dRspréathiplbor hddae bicar extedoal cirotit iaeelestiie ddrtridge

blib36 i conpadted i theALg! lgcirode. 1. The.fuel
cartridge 32 has used%all the %f;%%?%%%%ﬁég%?gg%%%%ég% urb %g fu'sm

nStHYHEMRG IR fuelbsrthitige S2hbrerdlyehaonsizatrgentrrrthathat

otihal deciedede s Lishpladiade 120 AT NGl Udeq carbon
cag\%%%e 32 is changed to an unused fuel cartridge 32 as follows. As
s

T BRS. B arR Rz 1me: 3uaobbpéned sRdRREURSErRRN and

cartfidge 32 iscinseded: intnie Biek crtidoe copiAIng A e PLSBANS: rbon

useld fuel 2 c}?rtridge 32, letting it go out of the container through the
electrodehavinganenzyméandanelectronmediator immobilized

byan immobilizer onporous carbonlike in Example lare disposed
so that they face each other through a separator 35 as a proton
conductor (corresponding to the electrolyte layer3). InFIG.
6, as an example of a load of an external circuit, an electric
bulb36isconnectedtotheairelectrode 5andthe 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 the unused fuel cartridge 32 isinserted
into the fuel cartridge container 24 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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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. 30 8, when the unused fuel cartridge 32 is set in the
position, 29 a feed passage for the fuel 31 is formed between the fuel
cartridge 32 and the fuel electrode 1, so that the fuel 31 is supplied to the
fuel electrode 1 through the feed passgge. This can be easily realized in
an electromechanical system, 5 In this instance, in the fuel cartridge 32,

the fuel r._33b pushes the fuel 31, and therefore the fuel 31 can be
fed to té)gjls#glgg%%he% ?lfelsce gct%&? 1 orfifridF BEsh Petween the fuel
engginieciigeobiiz earchrbba dleeftodedavingian enzyme:-and arhelectsan 31

mediatgr.immoBilized by an bilizer on porous 10 carbon, This is
effec’givebvt\g/%en, for exgmgeéﬁa%%ﬁg\ﬁﬁgeagh% ety 184 Rewrage-
fudlFdE Pafethenssl Bl wamlrioash the insidd of theofust blectrode dysten.

metely pydiffysion, the fuel IS, 33 and spring 33c can be
omitted, but, when us%ng%ﬁe%%?%%ﬁe%%ég} 35 gn%’sgr}fr?g%%?tﬁél shex
fudPPsm3as8& velRofeslrély. sapplisies dfwnsiddof theludleleztrdde fed

1.cHhusdha fusl &1 is supplied g th {rode t ppwer
generation, so that the electric b%:ILb %ggl%%?egr%é %Ogéﬁﬁi%ﬁgiﬁ%edatﬂat

CEPBY A BbGth e ratedpaiid 20 podereniration o syorediniaan

vagast spagemddie tugt cartigaq 32dgftafter all fhe fygl31.has be ®orous
used., Specifically, CO, or H20 may be discharged from the fuel cell, %ut,

frSRTRT R virbRhteritl poiR Tt e ifdte Ssucifeatgple. liquid having

a high viscosity is used as the fuel 31. When the fuel 31
canreachthe insideof the fuel electrode 1 merelybydiffusion,
the fuel pushers 33a, 33b and spring 33c can be omitted, but,
when using the fuel pushers 33a, 33b and spring 33c¢, the fuel
3lcanbemore surelysuppliedtothe inside of the fuel electrode
1. Thus, the fuel 31 is supplied to the fuel electrode 5 to
start power generation, so that the electric bulb 36 lightens.
{0076]

It is preferred that CO, or H,O0, 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, or 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,
€.9., 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, oxr H,0,

or both in the fuel cartridge 32. CO, ox H,0 can be efficiently
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discharging CO, from the fuel cell is not preferred from the 25 viewpoint of
preventing global warming, and further, discharging H20f rom 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 H20, 2 30 or
both in the fuel cartridge 32. CO, or H20 can be efficiently 30 stored in a
vacant space of the fuel cartridge 32 Ié after all the fuel 31 has been
used. [0077) Amylase may be put in the portion of the fuel cartridge 5 32

contaiping the fuel 31. In this case,the concentration of glucose supplied
o e A 51 TG i GEEBETL RneFei Thed FEng L BobsirG T
toobtaing |drgelcutieritaandadargesindtial current. [0078) 10 As the fuel
caryipigs 32, a fuel cartridge preliminarily filled with the fuel 31 may be
used, or, for emergency, the fuel cartridge 32 into which easily available

cooked fi8¥] edtaapokropvE the |ikee wivich isappfopiiatefy treatad t 1 dge
cwg@&@@yra%g;ewfas&mtor ¢hagiag the fuel 31,15 into the fuel .
cartridge 32 may be in which, for example, a fuel reservoir container is

plebFEH R RFaTUEHAE forfred hin herfereardidgde2fivcbnabetatrtode 1

thescontalogs & chargs dhe fug) 3L Jadbisinstancs,the s'f%g@%%x%m

may be either removed from the fuel cell or not. 20 [0079) With fespect to
ti fedtni8RE6s dtaidhi 3LarEHF #8% - rice or potato is comprised mainly of

n-giarady crystallites

As the fuel cartridge 32, a fuel cartridge preliminarily
filled with the fuel 31 may be used, or, for emergency, the
fuel cartridge 32 into which easily available cooked rice,
pasta, potato, or the like, which is appropriately treated,
is charged may be used. A method for charging the fuel 31
into the fuel cartridge 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, itispreferred
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
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and amylase exhibits almost no activity, but, when starch is heated,
n-starch is changed to gelatinized a-starch, so that 25 amylase exhibits an
activity. Forthis reason, it is preferred to supply a-starch as the fuel 31 to
the fuel electrode 1, but a-starch is changed to (3-starch with the passage
of time (aging). [0080] 30 The fuel 31 having moisture extremely reduced
or having 31 almost no moisture can be used. Starch can be solidified by
pressing it. Glucose can be solidified b%/lthis method, but it has poor
formability. In the solidified fuel 31, molecules are unlikely to diffuse, and

thgﬁgrsectg% sﬁ(l)ligif'ed fuel 5 cannot be used as it is. In this case, while
contacting the Tuel 31 and ?ﬁe%ﬁe?gﬁe%trodgeti‘*?ﬁfh BRBMRSHE? Lt iRdyPY

bersegsliew from théloutside ardromethecinsitierakihafied aartidge8d (ibut
whi id. material a ter_are separated frgm each other
Q'Eﬁlggeﬁggppo 9@%&%6 nPnVY:%e soﬁtla I P e%'lwér{(é}ecuies

, so that the fuel cell starts 10 power genera ion: ASThe Wat
fofifieddtlthiecdiy dlecttodé Ssmayadralutiized:based onetheqirintifieed fuel

Sigyl fay dir anao) fu Il (DMFC) using a 100% _ .
metrkﬁallar?::;)l(dlD %gh%ﬁ%%%%)%?% inOJ!vf/r‘hi\%{izlgt%eéfaltféff'élé’é’ii}oﬁ1 e PRRGTHE AR the
elERfodRls BctlivefiBimadatet P geintiple t beRehreadtion, inthtssr may

sysfesnisregsen by dhef j r, 1 G6 0,.+ 60 +
6H.0 A"‘é?ii 24,928 kg_?ﬁmol. .[(?(%%%Qr%éﬁ,%%nﬁetﬁég%%gﬁSﬁly?nfg%%%eﬂlfl
tHePfUe teATistd B WhidRavwdiepafrrgbattel) Suskzsadnicaind water

isgiescEbSsrated from each other), so that the fuel cell starts
power generation. As the water, water formed at the air
electrode 5 may be utilized based on the principle similar
to that of a direct methanol fuel cell (DMFC) using a 100%
methanol fuel. This is a system in which the fuel electrode
land the air electrode 5 collectively formwater in principle.
The reaction in this system is represented by the following
formula:

CH,O, + 60, * *6CO, + 6H0 AG° = -4,928 kJ/mol.
foos1]

Next, a method for supplying a fuel to the fuel cell used
asathrowawayprimarybattery, suchasadrycell, isdescribed.
[0082]

In thisg 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. 1In 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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[0082] In this case, a mechanism for removing and inserting the fuel
cartridge 32 to the fuel cell is not needed, and, as shown 25 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] 30
Hereinbelow, the present invention will be described with 32 reference to
the following Examples. [0084] <Examile 1> Onto a glassy carbon (GC)
electrode (BAS, 4 = 3.0 mm) 5 were applied dropwise 3 | of a phosphate
bu{,ng sgguzgié)g (:83 F%N) ?f ?Jg hqorase (DI) (UNITIKA LTD., from Bacillus
stearothermophiius). ' pt 8 %ﬁb‘%ﬁhfﬁé%&ssolution (60 gm) of
gludss4dehydrogenase (GDH) (TOYOBO LTD.), 3 Al of a phosphate
buifﬂgt%ﬂorh()lA mM) of glucoamylase 10 (GAL) (Oriental Yeast Co.,
Ltd.), 3 I'of an aqueous solution (1%) ofpoly-L-lysine (PLL), 2 glof
aphosphatebutferlsolutiorc {B1ol) 0ENARHe 2tgtafan ehanoh seluiion mm)

i 0
G (R TSP el Wossh o i R U e A e (23
atith redmdémperanse, followetbyrwashinpowith sissiledavatenus
peesiese SALGRHINDTINGHD MIINEA Ptace (5 P o
BM) of glucose dehydrogenase (GDH) (TOYOBO LTD. ), 3 ul of a
phosphate buffer solution (1.4 mM) of glucoamylase
(GAL) (Oriental Yeast Co., Ltd.), 3 1l of an aqueous golution
(1%) of poly-L-~lysine (PLL), 2 ulof aphosphate buffer solution
(0.4 M) of NADH, 2 ul of an ethanol solution (28 mM) of ACNQ,
and 3 pl of an agueous 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,
breparing 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 used as a reference
electrode, a Pt electrode was used as a counter electrode,
an electrolytic cell made of polytetrafluorcethylene having
a capacity of 1 ml was used as a reaction bath, and 1 ml of
a 0.1 Mphosphatebuffer solution (pH: 7; 1.S. =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]

<BExample 2>
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20 working electrode, an Ag/AgCl electrode was used as a reference
electrode, a Pt electrode was used as a counter electrode, an electrolytic
cell made of polytetrafluoroethylene having a capacity of 1 ml was used
as a reaction bath, and 1 ml of a 0.1 M phosphate buffer solution (pH: 7
;1. S . =0.3) containing 25 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®n electrochemical measurement
was conducted at room temperature (25C) [0086] 30 <Example 2> 33

An electige i measy nt was conducted in substantially the
same mannrgigsg ?nl: Examp{Ie Ee%%%??hra?%er?ﬁggfa 5 i SRREFS5Ringd by
getatfizingRis0v%phbsplamehuffemeoitioniof Semcl at 70Gwas@Epplies 5
tohe? SAMGRHANARHL é@ﬁ[\ly - ilized electrqde prepared i

ExaBr%ple 1, and that the réJzLa?lJction s%%g%%%a%sz éﬁgnag%% °t§11% ﬁﬁﬁo %EOBT ’vaer

pHSsPRateOBUEr SbRtoh @H 70CS. wat 3ppfi0BA <@zomparative
Exampleoty ibAPSlgseaRemicaLTPasUITBRALY S fondueled n,

substantially the same manner as in Example 1 except t g coamyfia%e
(CAPRAE dmitttfirFhripldeass DR prdmaring the immobilizedatetddes 1
invixampie d. to prepaesh GRHNAPEYDYACNQAmmgRilized elgctrodg. 5

13 %08 ] With respect to Example 1, potential scan was performed in
accordance with a potential sweep method (CV) at a scanning

<Comparative Example 1>

An electrochemical measurement was conducted in
substantially the same manner as in Example 1 except that
glucocamylase (GAL) was omitted in the process of preparing
the immobilized electrode in Example 1 to prepare a
GDH/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 (solidlineainthegraph). InFIG. 10, for reference,
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 where a 0.1 Mphosphate buffer
solution containing starch in a concentration of 0.1% was used
as a reaction solution is shown by a dot-dash line ¢. In the
measurement in the case where a golution containing starch
in a concentration of 0.5% was used, a result substantially
the same as the solid line a was obtained.

[6089]

As seen from FIG. 10, when the reaction solution contains
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speed of 20 mV/sec. The result of the CV measurement is shown inFIG.

10 (solid line a in the graph) . InFIG. 10, forreference, 20 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 CV measurement in the case where a

0. 1 M phosphate buffer solution containing starch in a concentration of O.
1% was used 25 as a reaction solutiorfis shown by a dot-dash line c. In

the measurement in the case where a solution containing starch in a

C ti .59 ed, a result substantjally the same as the

oG e A e e R BT Fite 20, Yo e toa
reBEAGIT Bolitiohcomamer3nsstarohehh biddatiomcenkisabsesed, i «
whichdpdi arch | b immoRilized on the, electrode
e e B i g i e P Sas s msa e
GBH S thefehEfone aatéessivelyressdd SartiatahecB electrotiet the
reseives,@laetrers. 90901 dnLsachpfthe electrochemical measurements

in Examples 1 and 2 and Comparative Example 1, a change of the

cUPEtC ensity with time at a constant potential O V of the working 10
electroderelativede the-refriense eleciodgisshown ElG ¢ 11 BULReh e«

slieaégl currents obtained after a satisfactorily long period of time has

lahsaaInFIE A FRPPEREIAYR TEEEPL S TAbIe PRt cafiehhe /e rent
@eNsusAgAhl)yime at a constant potential 0 V of the working

electrode relative to the reference electrode is shown in FIG.
11. Further, steady currents obtained after a satisfactorily

long period of time has lapsed in FIG. 11 are shown in Table

1.

[Table 1]
Steady current (pA/cm’ @0V vs Ag[AgCl)
Example 1 . 58
Example 2 385
Comparative Example 1 2
[0091]

As can be seen from Table 1, in Examples 1 and 2 in which
glucoamylasewhichisanenzyme decomposingstarchwas present,
acurrent couldbegeneratedusingstarchasafuel. Especially
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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Example 1 58 Example 2 395 Comparative Exam le 1 2 15 [0091] As
can be seen from Table 1, in Examples 1 and 2 in which glucoamylase
which is an enzyme decomposing starchwas present, a current could be
generated using starch as a fuel. Especially 20 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 solutiofi'was in contact with the electrode.
The reason for this is that the starch concentration, namely, 25 glucose
conggviration on the surface of the electrode can be kept high as
mentioned above, making it possible to promote the decomposition
reaction®fire '35 fODZBieBoia htbatprobiemsr thatglugose small

hadrgassall diffusion eogfficiant .ag.campared to | or ethanol
is disadvantageous to a diffusion contro"BIIed reaction W%%E%Piscﬁkéﬁlg Bol,

prodettiRASA MG GRS & Bsthfdais Heal inotHerfokist aealutibpnbulich
ad apparesifram thecahaue tasuisy ithe proklsmcan heselved by using 4,

sg?}rlchfas a fuﬁel or immobilizinggelatinized starch on the surface of the
electrodd™ PhAHEI e G8e BRL gemmRpay SiitenHaRebessyresults,

haheling-6 péthe:-fuelandean-simplifythe fuel supphing systeeand,
hence thel riesultant uel cell is very useful as a fuel cell mounted on

ml(%nl‘l%b SVt g@g}%ﬁ% aa%léléi ﬁfféirsp‘??o’ﬁ%}% on the surfacecftheelectrode.

Further, theuseof agelatinized solid fuel makes easy handling
of the fuel and can simplify the fuel supplying system, and
hence the resultant fuel cell is very useful as a fuel cell
mounted on mobile devices, such as cellular phones .
[0093]
<Example 3>

With respect to the fuel electrode 1 having immobilized
thereon starch glue 6 as a fuel and gluccamylase (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). In FIG.
12, for reference, the result of the CV measurement in the
case where a glucose solution was usged as a fuel is aleo 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 glucocamylase (GAL) and,
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[0093] <Example 3> 15 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) . In FIG. 20 12, for reference,
the result of the CV measurement in the case where a glucose solution
was used as a fuel is also shown (cur@éd line b) . As can be seen from
FIG. 12, when the starch glue 6 is used as a fuel, a considerably large

CUHsRt £a0-Pe phtaingd, a5 compared to the maximum current obtained
when 25%h(§3 glp%gse soldtion gg%[z:co%%cgélnc%% rla%nc?%ﬁ%lemi}ﬁrigﬁ%eea’ taghe
a Rt CHHigfesincrefieerstig extrbmely higtuglodosémeoncehtrationsed thiene

susfaceofdheiluglelaaligde 1:as mgplieqed aove, Further, the reasan |
why the current increases with the passage of time resides i that the )
start$?4d is gradually hydrolyzed by glucoamylase (GAL) and, 36
cansesuently athe glucose concentration on the surface of the electrode
increases with_the passage of time. The curved line b has a shape unique

to a diffdsibRTofdife§ PeMEdR. BE94] B2PERAM I8 B v Asidesl wetishoand

inall Ge:alB A 806 d 3B wasassempled Rognan, euatuation ywas made; As
s@owe in I;L(fs 13A and 13B, the fuel cell has a construction such that an
air Sectftte's MBS BriSEd B SRS EHfhobme PEarBon ddersdede 5

having-iibad eszyane énpatilizethep 0125687 carkem i 8 e having
an enzyme immobilized on 0.25 cm’ carbon felt and a fuel
electrode 1 comprised of an enzyme-immcbilized carbon
electrodehavinganenzymeandanelectronmediator immobilized
by an immobilizer on 0.25 cm’ carbon felt like in Example 1
are disposed so that they face each other through a separator
35 as a proton conductor. 1In this case, the separator 35 ig
comprised of a predetermined f£ilm having proton conduction
properties, e.g., cellophane. Ti current collectors 41, 42
are disposed, respectively, under the air electrode 5 and on
the fuel eléctrode 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 collectors 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



electrode 1 comprised of an enzyme-immobilized carbon electrode
having an enzyme and an electron mediator immobilized by an
immobilizer on 0.25 cm2 carbon felt like in Example 1 are disposed so
that they face each other through a separator 15 35 as a proton
conductor. In this case, the separator 35 is comprised of a predetermined
film having proton conduction properties, e.g., cellophane. Ti current
collectors 41, 42 are disposed, respec?ti ely, under the air electrode 5 and
on the fuel electrode 1, thus facilitating current collection. 20 Reference

nymerals 43, 44.designate slamp plajes; l;q%g%gpfg'%%%‘?ﬁ 88 ot tom

fastened to each other with SCrews 45, and en them are
saWiRSHENRERESE PrRYAil eledtedes tHuel dibetyoderie sepacatdrs3s,l amp

angh Teeuurent solleeiore 4143 A cirﬁg'%fg S%%qﬁpé?%@%“éa Blay feea
drawing air is formed in 25 one side (outer side) of the clamp pfate 493l an
a RBARICT hOIeSURIF dr férhfsth sethe Bottod ehegrcessed ortiorided

43n sorsbap happeagtipia ba slanip Rl anaNgE e NG ROIR.
43b serve as air feed passages to the air electrode 5. On the otherhand,

a titctiartaeEsEbg potabR 42LAfor 3¢ Ehaffing ateredoricd inhene siters
(ottienside) of the-cdlamn A7 nBlate #4cand a-nmmher atholes 44b are

fo %Ie&n?t the bottom of the recessed portion 44a so that they penetrate
the'clamp plate 44 to another side. The holes 44b serve as fuel feed

passages tetberfudkeleTodesh  Aspacer 467ispovided atdheco the Ti

10 periphery portion of another side of the clamp plate 44 so that the clamp
e a4 Tt
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plates Shed With the &retnd 45 Rhoe dYrebtismirridpae was

betwegrethem {0086} into the recessed portion 44a in the clamp
plate 44 toperformpower generation. The working temperature
was 25°C. FIG. 14 shows the current-voltage characteristics
of this fuel cell. The open circuit voltage is about 0.86
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/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.
f0097]

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



As shown in FIG. 13B, a load 47 was connected to the Ti 10 current
collectors 41, 42, and a starch/buffer solution was charged as a fuel into

the recessed portion 44a in the clamp plate 44 to perform power
generation. The working temperature was 25C. FIG. 14 shows the
current-voltage 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 aénsity. As shown in FIG. 14, the
current density is about 1 mA/cm2 at the maximum and the power density
is gpoyt. Q.4 mW/cm' at the maximum, which indicates that both values

are high. 20 [0096] Hereinabove, one embodiment and Examples of the
pré8&5€ Invention are described in detail, but the present invention is not
limited tg odl mpl d can be.ch dor
modified %%E’ﬁgﬁ%%ﬁ%ﬁ%%ﬁ@gf o%ﬁ]%ea]g?grggergthiﬁ\%%%n?en oF
(06991 E8FExdriBRe 3ralles heracines, dbhseuetions fomisaandent ioned
materials maeRiAneskipdheAhovesmpodiment and Examples are merely
examples, and, if necessary, a value, structure, 30 construction, form, or
material different from the above may 38 be used. [0098) Specifically, for
example, the form of the fuel cell or fuel cartridge 32 may be a form
different from that mentioned 5 in the above embodiment or Examples. J9



CLAIMS A fuel cell for generating electric power by decomposing a fuel
using an enzyme, characterized in that: the fuel comprises a
polysaccharide; the enzyme comprises a decomposing enzyme for
promoting decomposition of the polysaccharide to form a
CLprEg;i@osaccharide, and an oxidase for promoting oxidation of the
monosaccharide formed to decompose it, and a coenzyme oxidase for

11 changinga coenzyme reduced.due fo the oxidatiop ofdhe,, secomposing
monosaccharide to an oxidant and giving electrons to a negative

2 Bi&cr6de hraligh s Bfectfoif risdiator 221 THe féi cell according to
thecldine 1, charactetized incthat ahetfael.cemprises at least one member
selected from starch, amylose, amylopectin, glycogen, cellulose, maltose,
sucrose, and lactose. 3] The fuel cell according to claim characterized in
“hehat the el is Yetatinized starchs f4]FRE faél celPae@Stdingfo clim™ =109
de chapacterized in thath¢he oxidant of the ¢eenzynie i NADhandthecharide,
anfosnyme exdase s dipphorase [3].The fugl cel accauding fo claim.d. . o

characterized in that the fuel comprises at least one member selected
TOXRSHA starche amylose, amylépéctth, GRAEOGER: afd MaRBse andFiifeging @
coenzyme compasesgluceanylase.and:glucose tetydrogenaseded Jhe: <o
ar, fusl cell according to,claim 1, charadterized in —-he-- he fuel comprises ;.
cellulose, and the enzyme comprises cellulose and glucose
thyerrégenase “40n 71 Thesfuer cell according to claim 1, characterized in
that

(2] Th

i

fusl cell according to claim 1, characterized in that

the fuel comprises at least one member selscted from starch,
amylose, amylopectin, glyvcogen, cellulose, maltcse, sucrose,

and lactose.

[3] The fuel cell according to claim 1, characterized in that

the fuel iz gelatinized starch.

-

r4] The fuel cell according to claim 1, characterized in that
the oxidant of the coenzyme is HAD® and the cosnzvme coxidase 1s

diaphorase.

[5] The fuel cell according to claim 1, characterized in that
the fuel comprisesz at least one member selected from starch
amylose, amylcopectin, glycogen, and maltose, and the enzvme

comprises glucoamylase and glucose dehvdrogenase.

[6] The fuel cell according to claim 1, characterized in that

the fuel comprises cellulcse, and the enzyme comprises

cellulase and gluccse dehydrogenase.



the fuel comprises maltose, and the enzyme comprises a- glucosi_dase
and glucose dehydrogenase. [81 The fuel cell according to claim 1,
characterized in that the fuel compfises sucrose, and the enzyme
comprises sucrase and glucose dehydrogenase. [9] The fuel cell
according to claim 1, characterized in that the fuel comprises lactose, and
the enzyme comprises (3- galactosidase and glucose dehydrogenase.

[7: 10 Fhédeel eell ace6rding toTlaifn T éRbiracteiZeéd Afifatt figgl 1n cthat

rneCO@NZYMe 0xidase, the caenzyme, and the.glectrop mediator are: cec -
immobilized on the negative electrode. [11] The fuel cell according to

9 LUERIMES fcidracterizéd fn 1RaH fHe 6%idase is immobilized on the negative
electrode. [12] The fuel cell according to claim 10, characterized in that

(s thegxidase and the decomposing.enzyme are immabilized on, dhes, cpa:
s negatﬁ/e"éﬁéétro%ef [13jc'|gﬁe fuel cell according'to claim 1“2,““c‘haracterﬁzeda

“hejn fiat tHepelisattharide i inmebilizéd bn thé AeyafitéPelettrodé “fi4] >
andThefuekeelhascardingrcdaim 13, characterized in that the polysaccharide
is gelatinized starch. [I5, The fuel cell according to claim 10, characterized
in that the immobilization uses an immobilizer comprising glutaraldehyde
[2landrpelyflysifiel 41 2ABSTRATTCA fliefésll which eandifectiFextract-hat
rneelestrig power from a palysaccharide, such-as starchyAfuel glectiade 1 -

5 is formed by immobilizing with an immobilizer, on an electrode
galactcosidase and glucose dehydrogenase.

(10! The fuel cell according mo claim 1, characterized in that
the coenzyme oxidase, the coenzyme, and the electron mediator

gre 1mmopilized on the negative electrode.

1111 The fuel cell according to claim 10, characterized in

that the oxidase is immobilized on the negative electrode.

[12] The fuel cell according to claim 10, characterized in
that the oxidase and the decomposing enzyme are immobilized on
the negative electrode.

[13] The fuel cell according to claim 12, characterized in
that the polysaccharide is immobilized on the negative

electrods.

141 The fuel cell according to claim 13, characterized in

that the polysaccharide is gelatinized starch.

151 The fuel cell according tc claim 10, characterized in
“hat the immobillization uses an immobilizer comprising
glutaraldehyde and poly-L-lvsine.



11 comprised of, e.g., carbon, 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 10 the oxidation reaction in the
monosaccharide decomposition process, a coenzyme oxidase (e.g.,
diaphorase) for oxidizing the reductant of the coenzyme (e.g., NADH or
NADPH), and an electron mediator (e.g.,lACNQ or vitamin K3) for
receiving electrons generated due to the oxidation of the coenzyme from

15 the coenzyme oxidase and delixgré'rmtg,[electrons to the electrode
11. The fuel cell comprises the fuel electrode 1 and the air electrode 5

that sandwich an electrolyte layer 3.
A fuel ¢ell which can directly extract electric power

from a polysaccharide, such as starch. A fuel electrode 1
is formed by immobilizing with an immobilizer, on an electrode
11 comprised of, e.g., carbon, 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.qg., diaphorase) for oxidizing
the reductant of the coenzyme (e.g., NADH or NADPH), and an
electron mediator {e.g., ACNQ or vitamin K3) for receiving
electrons generated due to the oxidation of the coenzyme from
the coenzyme oxidase andg delivering the electrons to the

electrode 11. The fuel cell comprises the fuel electrode 1
and the air electrode 5 that sandwich an electrolyte layer

3.



