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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 fuglew elt(:actrical 3g_energy1and can extract electrical energy
from the cheRtESERt 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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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 cells cah 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, aetﬁ‘r}pts are being 15 made to apply the fuel cell not

only 1 the Targe-scale powar- §eReratioh hit A< trSmaepesystienrl 1y .
suitkeds eegdwet nsdancesfos civing anatigaiehile: apd a pprtabla-Rewsr and
S I omputer or mobile device, [0005) 20 As mentioned

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

hag aliracted . consi ion as a high-efficient power generator.
However, the fuel c&gﬁﬁﬁ%ggﬁ 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 of an expensive noble metal, such as
platinune (R bndaadditippe 3Revhemty dnaen 921 BsRanelisel’s range
directly used as a

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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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 used here includes respiration,
photosynthesis, and the like conducted in microorganism somatic cells.
The biological metabolism has advant&geous features not only in that the
power generation 10 efficiency is extremely high, but also in that the
regct%)ln proceeds under mild conditions at about room temperature.

0687 For&xAMple, REsFraFd sy nieerkash such that

mippoorgianisms or cells take in nutrients, such as saccharides, 15 fat,

and protfeinf and, durin% the formation of carbon dioxide (CO,) through the
glycolytic pathnal/ 50 theaPFeRAR Mt PrCRyRY A AMREE Mirmbegétal
ensyrabodactiopsiepsedieetinamigderadenine ginucleqlide-(NAR") s
reéqijcggégggrcme%educed nicotinamide adenine dinucleotide (NADH), thus

20 converting the chemicaPEneriy SEHERLFIB AR Eloxtenérdilsle cell

elegtridat energyyraraidrtherhatheplaciepnitansper- systess, theLlesltcal

eneroy FNARH is directly converted to proton-gradient electrical energy
and oxygen é%r% tcad 1%%@#1 Watsr R LT B leRfidarsnerzfucted

foFMPATFofPowR2E sdesosmeidiphespbate FNRPY tamughadeRRSiA® ol 1 sm
tiphospahate: LALE), s¥thase, and ATP is utilized in the reactions required

for living of mi(?oorga)r%li?'i‘,gn@sfl or geﬁ@.tﬂrﬁsyeﬁgrﬁ%%%ﬁg&%ﬂeﬁ%%ﬁﬁgﬁ%ﬁ?n
ireéftbSoran nitoekentie Jg0B8Fh, but also in that the reaction

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.

[0008]

Photosynthesis is a mechanism such that, during the
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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 reagtion by taking in CO2 and a
synthesis of carbohydrates. [0009] As a technique f orutilizing the
above-mention biological 10 metabolism in a fuel cell, a microorganism
bafteRy i fthieh efeehicarsiony genemtathinemitroorganisons isctemeavedyy
frosy theamioraeraanizps arauah an glegtiongnediaiorand the, resultant,
electrons are delivered to an electrode to obtain an efectric culenthas
bePRD It TsdE o BRambre t 181U fexammiped Uapparese Ratentduced

Application dreidronaseapgeifieation No,2000-133297) t@ofﬁ% OV ter
microorganisms and cells have many functions other?han e desiréd

reaftishe @ ditg theebRrererm-of Tarchemidd amergyeotalécritanergy
eniergyt Thesefore ninthesabeve methad. Anundesired reagtign copsumes, 4

thae eslectg'cal energy, making it difficult to achieve a satisfactory energ
cShverSion S &fiiticHey S TR PRY 953 & Solving the problem, afuelcell in

wihiiehosrily a desired reaction is advanced using an enzyme and an
electro megatol[‘ has been ropfsed (see, for example, Japanese Patent

Application PUBTIEAIGH NoR 2831 3¢ sutiifabey e ey ipp biological

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,
makingitdifficulttoachieveasatisfac 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 2004-71559). 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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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
ethanol, 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 power generation
efficiency, and hence is difficult to put info practical use. [0013]
Accordingly, a task to be achieved by the present invention 10 is to
provide a fuel cell which is advantageous not only in that it can directly
exﬁacﬁeﬂﬂmﬂqb@mgzéﬁiofma_l pﬁiysgqg@@ad 'ggdgﬁgpﬁ}/_@’h%gfg% ?Cog e,
power generati t alsq in that it does not require limited fossil fuel an
coﬂ%ﬁ%t%g ) t%yeea#icz)gﬁgﬁ of resource circulation 15 society. [0014)

Anbfifé2task to be achieved by the present invention is to provide an

electronig device, a r@gvab e body, a power generation system, and a
cogeneration system us?inakt geagéé)%%&zﬁng&eﬁgﬁtvﬁ%ﬁgﬂ?al fuel cell

DISEEOSUREIOR PHEINVERS IO\ [004 5] The:presens faveriers hawer
el e e S e

the above-mentioned problems accompanyingthe priora
THE &fcieie* AréBRefly described below. [0016]

[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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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 are not present, and many
substances are present in the form of polysaccharides. Generally,
organisms do not obtain 5 energy from glucose, and actually obtain
energy by taking in polysaccharides and decomposing them by an
enzyme. Such extraction of energy from polysaccharides has been

realized 1k biamasseystepAnd e ke HM5i0g 489y, %%{Qalé‘aet%%gl fuekaq,
This system produces a chemical substance, such as 10 hydrogen gas or
m&HBRERHSichasSeadr@ TRy leRe eheriieali dalsstancbediodugedcose

prevideddeap esekgycy dyinnghihein S ihelsheal geperaled BY, (ne form

biolggical actions is utilized to obtain heat energy. The heat energy is

coRveRBUHE KT tefgy USfitFA3drbine BF afdiiaiardpfipdlerobtain

coanertgd thrbm elecitcakengrgy Q&@Q@W?fwﬁt%ngfﬁﬁ%?%% in
energ S%on\ilersiog, ener Igss occurs,and the energy of the fuel is
considerably Wwastea® (G317 2P hersR: Rehe g fuBYcethgRa¥BE - Such

polysacohiaiiceso 2-presgnt fir-the patyrak werlshana SUBL® BEREIEA 11 zed
elggltrig pQwer can be realized, electrical energy can be directly extracted

from rot only Yarbade barafi chdtficat SEbiiiids BrobucedfiRpge as a

nafturdl wolld {e.gsystasoh anddetielose),cHuisimaking.ibpessible, tosoltain
d_fossil fuel. Further, garbage or

8 L S, et e S

rediest anwisich ronthibutds torthel dealization @fesguicg GHeUlatiog 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



society. Furthermore, plants fix Co. in air in the synthesis of
polysaccharides by photosynthesis, which possibly 30 contributes to the
reduction of CO in air which is a current 7 problem. [0018] The present
inventors have made extensive and intensive studies. As a result, it has
been found that the use of a polysaccharide, such as starch, as a fuel in
PTO%@uel cell can solve all the above problems. [0019] According to an
aspect of the invention, there is provided a fuel cell for generating electric
[OOlEbwer by decomposing a fuel using an enzyme, characterized in that: the
fueheomprises.a potysacchatidéjthe: enzyine eomprisessa decomposing.ve
svugl2ume for promoling decomposifon of (he. palysaccharide o form.a
monosaccsnarlde, &rid ah oxidaseé Tor promaoting oxi Afion oztlniﬁe
polpwonosaecharde forntedae decomposenit, aind aedenzymeexidase fore L1
can C0RNGI0Q.2, coenZY e educRd dyp.lo the oxidation ofthe
monosaccharide to an oxidant and giving electrons to a negative
' 00dectrode through an electron med-_ator. In example embodiments, for
solingptheiabpve problems,stiere is pfovitded a fueteelt forgendiating s
electric power by- de osing.a f [ I nzyme, .characteri in
pro}fr#é%%r#% fuel ?:L(g%/tLains8 %%I;gg%chaﬁ%%% (r)g{(%z%ﬁlﬁheér’(g%scgl"ég%ro i%%%qran oy
decelegtronicideviceugsing afoel eell, ehardeterizeddn #vdieke fgal cell that:
+ ne 9ENERAtes elactric power by decompasing 2 fuelusing an en2yMe . : ses 4
wherein the fuel contains
decomposing enzyme for promoting decompesition of the

of a

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]



a polysaccharide. [0021] 7a There is also provided a movable body using
a fuel cell, characterized in that the fuel cell generates electric power by
decomposing a fuel using an enzyme, wherein the fuel contains a
polysaccharide. [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 polysaccharide. [0023; There is also;provided a cogeneration system
using a fuel cell, characterized in that the fuel cell generates 8 electric
power by decomposing a fuel using an enzyme, wherein the fuel contains
a polysaccharide. 0024] The fuel cell in example embodiments generally
has a structure comprising a positive electrode and a negative electrode
thattsardwichad protorceonddctornf0G25) < ity fuel igall, byidecompasing
charf-Palysaceharide ysing.an enzyme electiical energy can be directly. . .,
extracted from the polysaccharide. [0026] Examples of polysaccharides
decomgsgilecas affuelinthetuan cell {poRsacehagidestinga broad sepiseains a
polyineaning.apy carbohydrates that form two molecules or more of

rogzz]

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



monosaccharides by hydrolysis, and including oligosaccharides, such as

disaccharides, trisaccharides, and tetrasaccharides) include starch,

amylose, amylopectin, glycogen, cellulose, maltose, sucrose, and

lactose. These comprise two or more monosaccharides bonded together,

and each polysaccharide contains glucose as a monosaccharide which is

a bonding unit. Amylose and amylopectin are components of starch, and
elegihrchds @fiftire of anA6sEEAA aiylopectiiCAs the'fiel, dry fudteafre

whelesysed as lang-as it sentainsazdecompasable polysaccharide, and the
fuel may contain glucose which is a decomposition product of a
m%fy]saccharide. Therefore, garbage or the like can be used as a fuel.

[0027] Wnthe fuelcell, ag the.enzyme, akleast a-decompesing 1eRzyredor 5
wpromoting decomposition, e.g., hydrolysis qf the polysaccharide to form a

St fdrtsacchdfidel 19 glicosé ant'd “an BxitaSEYoT prafifotinty oXidatior v e

e 1 coftthemonosaccharide fermed dodecompese:itate used. Further, a
Og%enzyme oxidase for changing a coenzyme reduced by the oxidase to
E dkidant is also used. 5 [0028] When the reduced coenzyme is
changeg terasloxidant, due, tadhemetionof the coenzymeoxidase,sing an

electroniar%gene ated, and the el ctro(ys are delivered from the
en%¥me elect: caa enerﬁg jor] e %rec Frodé ¥acte from the
oerizyme oxidase to “an efectrode (hegative electrode) tiirough an

poletectrarmmediator. 10 As the coenzyme, for example, NAD' is used, and,
[@ e coenzyme oxidase, for example, diaphorase is used. [0029] In the
uél cell using glucoamylase as the decomposing
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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enzyme for decomposing a polysaccharide and using glucose 15
dehydrogenase as the oxidase for decomposing a monosaccharide, a

_polysaccharide decomposable into glucose by glucoamylase, for

example, a substance comprising anyone of starch, amylose,

amylopectin, glycogen, and maltose can be used as a fuel to generate
electric power. Glucoamylase is a decaognposing 20 enzyme that

hydrolyzes an a-glucan, such as starch, to form glucose, and glucose
dehydrogenase is an oxidase that oxidizes (3-D-glucose to
D-gitedhees Sadesrie J0030 grothidiuel oelbifsing cethdase asdbe de formed

decompRs) YE a ing glucase dehydrogenase as th
oxidase, pe%%%i% ggg%n%o{slggg'intc%%&%é%%’b%gﬁl%%gn&%n pe USEF as°”
a AN EEIRNIAsE RETRTRESFEEMEaY tat [Bhst omeé drembey selectetidfrom is
cellulase (E&3.2.1.4),exocellobiohydrase(EC 3.2.1.91), and

f3-glucosidase (EC 3.2.1.21). As the decomposing enzyme, 30 a mixture

of &B&%mylase and cellulase may be used, and, in 10 this case, the

decompesing enzymacaidecamiposraalmoshall, the Ay 0ceHIring 4,
polysaccharides, and therefore a power generation system using as a
fu‘é%éé:ah?a?ecﬁ&%H&Hﬁ?gca%@%ma%aﬁﬁaﬁpwmmaeﬁ@enerated,
examipitcgalage-eas berd aghieved:e 003U IR the JUehoelUsNG; dase to
a%u%pgé%alrsgd%s glwe decompasing enzyme and using glucose '

dER AT GeRSSE AL b%ARsd SRARESE | dekbRsHs 3Bl Iaptdlonmadip tor .
afgiucosidase candiefused:aind e eb 198321, the fueh calkusingn zyme

S%?crfégs%s, t@o%e%?cnamgiig g ecf{_le &%rase is used.
[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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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 specifically, at least one member selected from
a-glucosidase (EC 3.2.1.20), sucrose-a-glucosidase (EC 3.2.1.48), and
O-fructofuranosidase (EC 3.2.1.26). [0033] 20 In the fuel cell using
(3-galactosidase as the decomposing gnzyme and using glucose
dehydrogenase as the oxidase, lactose decomposable into glucose and
galactose by (3-galactosidase can be used as a fuel. [0034] 25 For
effidiéftlgeapturiigtite enzpmeiegction phenome i agsusdng neas the 1 1

n i ric signal, it is preferred that the coenzyme
O o Rt Stbr S e GBS SRARE 2 Bover
neFfGEEIA OfowES bRihg simBrmsobifizer. K isqirefersddciinat the dxigasedsge
3Qalsedmmebiized ontbenagalive eéggr%%eaimmirther N8 dde can be
decomposing enzyime for decompadsing a po ysﬁzc%hri%e ma?%e
infiBpTHY&Ed on the negative electrode, and the polysaccharide finally
usarhas p 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

gelatiniAdfigttaréitedrsd Lsting thigéaseshdrseansbeemptoyatasing
Medagehinanaichs gﬁgagmu@ssata@wamﬁeglag@tgsceﬁ@smw4@? maltose

negative electrode having immobilized thereon an enzyme and others, or

a THEMBRC AR HicH-GERtifReersardisdmEtompadisnthe ardativesed 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



electrode, 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
decsupplyiingosystermrand! i adtitiomctheifuel cell can peamovedupsideay be
.__down. and hence is very advantageou ed in mobile devices. [0036]. .
i e gt Care Uil iy S ahor e
finpeed eleetticapowerarmd hawe anysizes; amdrean berarsedintfor exapaplers
1 glectronic devices, movable bodies, power devices, construction

machines, machine tools, power generation systems, and cogeneration
[ 0Usistems, and the application of the fuel cell determines the output, size,

or form of the fuel cell or the type of the fuel. [0037] 12 The electronic

device fitexaifiple €mbBodithents maj e basicafly ang elecfronie tivice, zed

so2nd invalyes.Both anelectronic deviceafa partablertype,and.an useqd. 1n
electronic device of a fixed type, and, as specific examples, there can be

“hifeRf6Red cefitfar Fhoned, MBhikyaevideSTobiots, Persbnal caflptiters 7o
stfame machinesgdevices moypiad.en car fousehold applippces,1and rode
industrial products. [0038] The movable body in example embodiments

h=tha beBadically Gy Tovable BotySBPdSpetiic Satfipies ififlude 100

in autoraabilgs] WwWenized starch is immobilized 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]



wheeled vehicles, aircrafts, rockets, and spacecrafts. [0039] The power
generation system in example embodiments may be basically any power
generation system and may be on either a large scale or a small scale,
and, as a fuel, a polysaccharide, garBage comprising polysaccharides, or
the like can be used. [0040] The cogeneration system in example

embodiments may be basically any cogeneration system and may be on
eitie? a fakge tacdle or ASHialtscale, aRtizds Bfudt™a polysacharfddy ¢

basgélétla%ﬁ comprising polysaceharides, of the like canbeuseds (0041} In an
example embodiments having the above-mentioned. construction, a

' N

eleGioipsdceatde RoRtaifeB R tHE fhiel 5 Ye¥othgoséd By ehzyme irto. ©*
a dmongsacchakides; angd. elactriggl-energy cam bereffieientlyextractedupope
oxidizing the monosaccharides by an enzyme, i2a 0042] In example ;
nen e EHmMERtSL ArPenSHTE Rusel U4 Tatdf st “Aiid a hiateHal conprising
com@upelysaccharide isusedas,a fuel 13 anddhus afuelcelb sapableofeholid
generating electric ngvel wjtblr;iﬂqh eQEicigncy using a polysaccharide as a
2PP et daribe obtained “ Hhe faélceli makes it possible to directly extract
electrical energy from, for example, garbage containing a large amount 5
[00 olysaccharides, thus enabling effective utilization of garbage. Further,

heduglgal doas ot iequirepited fesshyel-and sonpibutes fodhe, oy
realization of resource circulation society. In addition; a polysaccharide
movaghichliody, 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 a small scale, and, as a fuel, a 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.



safe when it is eaten can be used as a fuel, and therefore 10 a fuel cell
advantageously used as a mobile product can 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
qﬂgﬁtronlc device, movable body, power generation system, or
cogeneration system. BRIEF DESCRIPTION OF THE DRAWINGS 20
[0043]FIGxaFFl6. ¢isaisthehraticcdiagiantshowingdHeé eénstructicn Bt
and aareig%(lﬁlé accapding to.one embodimentof; the preseatinvention, ff1G. 2]

G. 2 is a schematic diagram illustrating the 25 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. 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
diagrammatic 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 method for supplying a fuel to the
fuel cell according to
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one embodiment of the present invention. 10 [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 15 according to one embodiment of the
present invention. [FIG. 9) FIG. 9 is a diggrammatic 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 ardiagiam shiawiDg e resgkis ok 30 thencVJneasuramept n-Barapie iy
ofﬁhe}pg§te]pé irgavrtlantion., FIG. 11] FIG. 11 is a diagram showing a change

of the current density with Bi@ Rt L HHetai sitetiaI 0o of PP svakingned -
elébrotiearblatilé tosthegdfenpnse idleetnoda in-the: Bleeitechemicabctrical

m rements in Examples 1.and 2 of the present 25 invention. [FIG. 12]
T SRE o (et P (oar FR b@iein noune

Exdmipid 3sof ¢l préstg inventornfEG.r3 EEKe.c13 ate diagrapypatia. of
vigwsifafuelgellysed inth aluation, i ample 4 of the present |,

in%entiqr??e 30 [FIG. 141 FIG. %jﬁ{%egd%‘g?gm%;(%%%viﬁﬁd?héf SR, dpani ted
thEapehsufernént endusrentwbliuge cHavacteristies lof the fuel cfllmissshince

the;evalugtian in Example 4 of th inyention. 5 BEST MODE FOR
CARRYING OUT THE | VENTlgﬁ(H%o%% 'Hérg%%gfoﬁcglﬁeré\én ggﬁ%cg’n S
offHefpieaent iivehtiohadiinbeatedesibesesith seferémed to thel therefore

agCoMPANYIM AIRg8 2 geously used as a mobile product can 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.
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



[0045] 10 FIG. 1 diagrammatically shows a fuel cell according to 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 15 (H') , an electrolyte layer 3 which conducts only
protons, and an air electrode (positivejglectrode) 5 which is separated

from the fuel electrode 1 by the electrolyte layer 3, and which forms water
from protons transported from the fuel electrode 1 through the electrolyte
layer3 calecabasfed from the fuel20reldotrade-d dhtangh @npeiairallar to
Cirguit, ande-g inAjr. 6].The fuel electrode 1_comprises an .
elrgz&;értode 11 ?ggrr%gfrige%g Off[%’%% %:ea(r%cl)"ﬂr? éeazwlr% (lgr%r@no 5 épe& Terdsit By e
arf finRidilFEPo@igentpsiymere, arenzytneiresponsibte. for
decompesing a2p pphygacgharidenig manosaccharides, an enzyme, . .
responsible for decomposing the monosaccharide formed, a coenzyme
(G T TNARF HrISAB PLPWHIth forfls acblrtamuiiin the oxidationodiment
resetiondn the saenosaesharde decomposition process, a coenzyme
oxidase % ., diaphorase) for oxidizing the 30 reductant (e. g. , NADH or
NADPH) GFthe EberBdfire, faricf ot Ersreonrer tiediaisr{ef g2 crmibaining
-&Qﬁé&@&m,ﬂdﬁ@ﬁb@g&iﬂﬂ@e%ﬁm; £ \diamig K3) gglrfcgglg&ding to
electrons %C%erated due to the oxidation of the coenzyme from the

e
cOBRyMEBHTEI afd FiR PG IRR el BYGRE e electrode 11. 5

10 [0047) The@olysacahesiderusable as AHeheAMPHSESAWOrN, MRS 1 aining
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mono%%ccgagides bon%ed, together. Examples of the
a metho or 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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polysaccharides include disaccharides, such as maltose, sucrose,
andlactose, starch comprising amylase having a linear 10 molecule and
amylopectin having a branched molecule, high-molecular glycogen
having an amylopectin-like branched molecule, cellulose having a linear
molecule, and saccharides as intermediates thereof. [0048) 15 As an
enzyme responsible for decomposing g4polysaccharide, 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

enzymesanaltdeshydrolasesesitchas Ghipoanniase (EC 32 d3)f the fuel

a-%@/iasﬁe Q%C 20 3112.1.1)’, nd ga-amy,lase (EC 3.2.1.2). Among these,
glucoamyiase (GAL) GetbRpbses SPArdH iftd Yiadsset B iblikargeaRnt
erzyvrearhiiorber. [0049] Other polysaccharides can be decomposed by,
for example, 25 the following decomposing enzymes. [0050) <Glycogen>
Glucoamylase (EC 3.2.1.3) (X-Amylase (EC 3.2.1.1) 30 <Dextrin> 17
GRIEDANMNAEe FBE I 2RRIINGelluiDsesE Qatlutasa (RC 3.2.1.4)
EWIQpiohydrase (EC 3.2.1.91) 5 (3-Glucosidase (EC 3.2.1.21) Here,

enzymes capable of hydrolyzing cellulose are
Hereinbelow, one embodiment of the present inventionwill

be described with reference to the accompanying drawings.
[0045]

FIG. 1 diagrammatically shows a fuel cell according to
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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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 10 presence of at least one member
selected from the three enzymes. [0051] <Maltose> a-Glucosidase (EC
3.2.1.20) This enzyme is also called maltase, but it acts on sucrose. 15
Maltose can be decomposed also by glycoamylase. [0052] <Sucrose>
a-Glucosidase (EC 3.2.1.20) Sucrose-a-glucosidase (EC 3.2.1.48) 20
(3-Fructofuranosidase (EC 3.2.1.26) Here, enzymes capable of
hydeslyzingrstergse, areacdiestivelyarefered 10 45 sPGHASE ASione ; ACNQ,

examples.Qf; sugrases, there can be mentioned the above three types of
enzymes.aGIhcosggc?r?ﬁer%ﬁ%%&Jflrltﬁne FFHEE IS Practitd S5 ortp the

le&stioiRt ifembér sblectesknayntbhefthree enzyriesn9k3]slaiese>nd
(344l idas C324:23) 5 3-(3:Glucan> 30
s %&%ﬁ% g %gét(% 0}1 ¢ 3%23.?9%%%@3—T]r%halose>

Glucanendo-I,3-0-D-glucosidase (
a,d%%2Ralase (EC 3.2.1.28) a,a-Trehalose phosphorylase (EC 2.4.1.64)

<Stachypged a1 pLaAlAciASIdRSE EG1 344 2801 comprises two or more

monosaccharides bonded together. Examples of the
polysaccharides include disaccharides, such as maltose,
sucrose,andlactose,starchcomprisingamylosehavingalinear
molecule and amylopectin having a branched molecule,
high-molecular‘glycogen.havingznlamyiopectin—like branched
molecule,cellulosehavinga3jnearmolecule,andsaccharides
as intermediates thereof.
[0048]
Asanenzymeresponsiblefordecomposingapmlysaccharide,
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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a-Glucosidase (EC 3.2.1.20) <Glucosides> (3-Glucosidase (EC 3.2.1.21)
FIG. 2 shows an example of the decomposition of starch 10 and cellulose
into glucose by an enzyme. [0054] The enzyme responsible for
decomposing a monosaccharide includes an oxidase that participates in
the redox reaction in the decomposition process. When the
polysaccharide is 15 starch, glycogen, gellulose, or maltose, the
monosaccharide formed by hydrolysis of the polysaccharide is glucose,
and, when the polysaccharide is sucrose or lactose, glucose constitutes

haif cithecaenbsaschaide: farmeds; As an example of an enzyme

regg%rﬁig@ for decomposing glucose, there can 20 be mentioned glucose
QSe> . . .y

dehydrogenase (GDH). The use of this oxidase can oxidize (3-D-glucose

toDgldorieSelatiane. . [DO065] Further, the resultant D-glucono-S-lactone

can Eg g osed into 2-keto-6-phospho-D-gluconate in thepresence
25 of tvf/)o%e%qz%ﬁle%s{éﬁagﬁﬁcgr’%&ﬁzgé £n3 J|rﬂ'1osphogluconate
dehyihéhenasedPHSDEY Spexifically) D-glucono-6-lactone is hydrolyzed

donosts B e ATE) e reLLke T SRS D oo
ad&HdsRé HisHosprfe BosADR) asd phedphdriceadid, thes éoranipdes of
Shosehadduenaate. dsh Hie FRSHIABEP RSP R aNGanAIe (S e o o
oxidized to 2-keto-6-phospho-D-gluconate due to the action of Oxid4ss® ©
Pﬁ@ﬁﬁmﬂ®05g¥icellulose 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>
e 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)
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5 In addition to the above decomposition process, glucose can be
decomposed into CO2 utilizing carbohydrate metabolism. The
decomposition process utilizing carbohydrate metabolism is roughly
classified into decomposition of glucose and formation of pyruvic acid
through a glycolytic pathway and 10 a TCA cycle, and these are widely
known reaction systems. [0057] The oﬁgation reaction in the
monosaccharide decomposition process accompanies a reduction
reaction of a coenzyme. The coenzyme is determined almost always
dependirg-mendbe.£nzyme used, and, when the enzyme is GDH, NAD"
isused as a coeg{%me. Specifically, when GDH causes P-D-glucose to

be %t et 6 B tiiEond:S-fictorfe, MAD" is reduced to NADH to

generate-fir {068} s20 gihesiasuitantNADH:ts immediataly oxidized to

N,ggtg}:ﬁ e presence of diaphorase (DI) to form two electrons and two
[S] . . . . .

protons H. In other words, in the oxidation reaction on the first stage, two

electrots dadtweigikotens Bt~ age formezbper one molecule of glucose. In

thg @(_j(&'zitlilon reaction o 2 secongirstage, four electrons and four
protons H’ ﬁ\otso%a “are {o%rggd. 0655]0 he electrons generated in the

a6 sroeédsare delivered from diaphorase to the electrode 11 through

ap _gﬁmggmgg’igt tand the prgtons H™ are transported to the air
elecq:tﬁfode 20 5 throug%%he%l?c’trﬁgb%%fl]ayer 3. [0060] The electron

mediato¥ Helivérs Butr@is exawrdlectrbdehe decomposition of starch

and cellulose into glucose by an enzyme.
{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.



and the voltage of the fuel cell depends on the 5 oxidation-reduction

potential of the electron mediator. In other words, for obtaining a higher
voltage, an electron mediator having a more negative potential on the fuel
electrode 1 side is preferably selected, but the reaction affinity of the
electron mediator with an enzyme, the electron exchange 10 rate for the
electrode 11, the structure stability of thg 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
eld@rodect bt axantplehASNQ -Or vitaminkdtis prefesiedikied to
Alterpatively, : nd having, e.g., uinone skeleton, a metal .
co%p%%%ﬁ‘%s%’ %gug@%#ry g%?g%%?ég&e%ggm%guﬁ ® Stich g8 p8hzyi*dase
vidleg§®H -a compound having a nicotinamide structure, a compound
haygng;a yiboflavin structure, or a compound having a

nucleotide-phosphate structure can be used 20 as an electron mediator.
[0061] Fdt aekiebierahetictenbans sleadyplesirodengactioasst iglucose
Preferrgd Hiatdhe 6H2YME E08HZUME; %99:%982[980&?(3’@%%%%@ ism,

maintained at pH optimum for the enzyme, for 25 example, about
using &BGRBPERILSPTAS Bt dR & phogprard pbifdratethetabol ism

laige obiopmsmallior sstrarathithSo afveassely affects,the-enzyme activitg

ar%g, from the viewpoint of achieving excellent electrochemical response,
It

OHISTETEG thitr B ionisti&Rde i Bppréprete Vetds; oreikamplend

10 aboutdh3cybeenzymesused 24 -individually havgihe-eatimugy PELand s .
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trrf %ptirgum ion strength, and hence the pH and ion strength are not
imfted fd the above :
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



values. [0062] 5 The enzyme, coenzyme, and electron mediator may be
used in the form of a solution in a buffer, but, for efficiently capturing the
enzyme reaction phenomenon occurring near the electrode as an electric
signal, it is preferred that at least the coenzyme oxidase and the electron
mediator are immobilized 10 on the electrode 11 using an immobilizer.
When the enzyme for decomposing aJfgel 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,
glataralidetyte ¢6GA) anspalyikbAysine (REL :can be used in 15
cog(}c?i%%;ion. They maybe used individually, or other polymers maybe
used. By using an immobilizer comprising a combination of
glutaraiehyde andpohetiilysine dtei eraywnelinvnebilizing wabilitiesafthge

individyal companents can he fully utilized, sq that the immobilizer
ex%%{ljtg%gllev& i\(/)gﬁ/géexc% Ie#‘%rﬁgzg%ﬂe 26 Hm%%ﬁﬁ{h%saﬁi‘ﬁtﬁliﬁ this case,
aBptmunhenatice dh giitanajsleiwdeitolpoly-Lysisp st ies-depandingron 1n
the.enzyme. 19.be immobilized and a substrate of the enzyme , but,
generally, the rétio@rl%%y ekgrjbrllt%éll%. %&é%ﬁﬁgﬁfy,%?gﬁgg%haﬁﬁe%garon
glesraittehy de sdhgiem(0:cl2596 - tovarpaguetussioty: - iyse P51sakitianie
(196 sl 1oL 8, 01 21190031 {EIG dushoys an.example inwhieh the - o
polysaccharide is starch,the enzyme responsi e for dcecomposmgrfﬁe
pbRRaBLR&dOhBaRbAbSacEhakdes isgicramylhseq GAL)8M wiichange

10 degemppses §§f§0@i%@t915885§1thet%é’£'&%_{§_g opsible 22, {9% . of the

15

20

25

30

decomposing the monosaccharide forme ucose) Is
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 is an

appropriate value, for example, about 0.3. The enzymes used



glucose dehydrogenase (GDH), the coenzyme which forms a reductant
due to the oxidation reaction in the monosaccharide decomposition
process is NAD', the coenzyme oxidase for 5 oxidizing NADH which is the
reductant of the coenzyme is diaphorase (DI), and the electron mediator
for receiving from the coenzyme oxidase electrons generated due to the
oxidation of the coenzyme and deliverig the electrons to the electrode
11 is ACNQ. 10 [0064] The electrolyte layer 3 is comprised of a material
which is a proton-conductive membrane for transporting protons H*
gehetatetiatihe fuel etectiods t tauhe-ainelgatiode Srandmvhichdiasngey,
elect n ion rtJes and can transport 15 protons H'. Examples
of%%éo ngg?c%)%%?agers% inclUde" T/&75 RothsriEad dfimited to the above
apeafiiem®carbonsulfonic acid (PFS) resin membrane a trifluorostyrene
defb/@élg? copolymer membrane, a polybenzimidazole membrane
impregnated with phosphoric acid, an aromatic polyether ketone sulfonic
acid meWaﬁ@ZWSSAWAm@oOlys@rehesulimmm&md—qucﬂwmykalhzohﬁied
CORPVIEb SHinf G154 EYL (RAVEIYTErERUIN 30 SNV s e
alcohol copolymer) . Of these, preferre ayér combrlsed of Y
ioReRidatie 1@%%%ﬁ'@earmﬁﬂmeﬂcoptmmng@mboncswfamn@méar the
gL erdasnesifically Nafiop (iade pa red,and sol
Du Pont Co., U.S.A) is u%%%?e[gg '?h?a%rﬁ %@ggé%rlscgg#\&lsedgo
%%ﬁ%%%@?%ﬁ%h@aa%miyé%@ﬁ@@tmmm@xmw@ammhzed

10 whichaee &t seppaed Oncatkon. N the satalust for e%ﬁ{QB'etﬁ@ee%%yme
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p%rtlcles of platinum (Pt), or fine particles of an alloy of 23
or decomposinga fuel 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



a transition metal, such as iron (Fe), nickel (Ni), cobalt (Co) , or ruthenium
(Ru) , and platinum or an oxide are used. The air electrode 5 has a
structure such that, for example, a catalyst or a catalyst layer comprised

of carbon powder 5 comprising a catalyst and a gas diffusion layer
comprised of a porous carbon material are stacked in this order from the
electrolyte layer 3 side. The structure Qffhe 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
eleetrode asmpsedny cambination, [0966); At the alrele EQSQ&é?é%t&QF is
H' from the e&eﬁrolﬁte Iaf%/er 3 and electrons from the fuel electrode 1
redUice OxXygeR TEIRAIFIRS pfelEhce Uha GRsp I foRINRIeFOT0067)
Inthadoekesl| daging threabayeadeseribed cNAHICHORHMIEAR accharide
po(%%%%%:h&ri:ggiguch as starch, is smé%plied to the fuel electrode 1, the
polysaccharide is hyRrolysed by aneRzyntd S0 FHERss e RRRs oT
suehids giugpsepad winther the menasatebatde isdeeompesed by is
d ing e e comprising an oxidase. The oxidase participates in
e A s e e S s e R
prefensas @y tive dedidslectrobiect sies makingait passiler 25-10<J6REMRIE: on

a Sleclic.SUEphOelgeR e fus slecioe, 1 and the air dectrode 5

[0068) In the fuel ceil, the type o SComMposabts PolySaceRatifeisrode

déterAfinéd¥epending on the type of the 30 decomposing enzyme held or

10 imm@bilized on the fuel electrode
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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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24 1. When a mixture containing a plurality of polysaccharides is used as

a fuel, enzymes for respectively decomposing the polysaccharides are

held or immobilized on the fuel electrode 1, thus improving the fuel
efficiency. In addition, garbage 5 or the like can be used as a fuel to
generate electric power, enabling effective utilization of garbage and

others. [00691 Furthermore, the aboveduel cell can use as a fuel a
polysaccharide having a high energy density, which is safe 10 when itis
eaten, and further can work at room temperature, and therefore is
advartageasIgugeetia nolsitecpreducts owittFegspedtdidhe a@mergy cobalt
density obiai [ o) ride as a fuel, taking cooked
whgig%ée%i %&%ﬂﬁﬁ %%g)eﬁe%?é‘q;%ﬁcﬂugorﬁgiﬁgd inabsuf f&ougsed‘
of CODKEHTiE& AS-EDRR shOPRIN G t6 breaicsrbowkahdtdizout 1BfrkeaBmple,

cosrespanDss 0 dhe gneroy-ahh4 Adssize aé'&%l}t;‘}rifs%eci'Ségb%tr%c\;’xh;?c?&dér
cell), which_is a high fuel energy density equal to or more than that

oBiSIPRG TPy ble ¥Blufdi PoBrsackiifidel as d Avsixarrheseddnot
the fesroalsanaginous-salution, kit2Q theresan Resmployed.a methad, |

in which the polysaccharide, is gelatinized like starch glue and brought

in?\g%ﬁf’é%} ith LheSHet 8&E8Fode T 8rat Misthod hathidratiir electrode

polysacaharitienis-dispesed nithin dhe fugl slectodedh, @ddbUsA pe used
solidified fLieISctan be used in the fuel cell, which is further advantageous

255 Fobilartbducts B8 Hus P Hrobisints thatqaccsed ravidgat ron

smedl diffusidfoeodfitient raseoamareddasnethanal af ethanohdSare used
dgLsgdge:J%a}L equs to a fuel-molecule diffusion controlled reaction which
SW

QO Il . . . .
procee enthe glucose is used as a fuel in the form of a solution.

HboWselr, when a method

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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30 in which starch is gelatinized and brought into contact with 25 the fuel
electrode 1 or a method in which starch is disposed within the fuel
electrode 1 is employed, the starch 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 usingﬁitarch 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

effectivenuhen thedfuahcelids d9;:applied ig MQ@EEEPF&%C&%%{Q SOOWS1 o o
an.example in which starch glue 6 as a fuel is immobilized on the fuel
electrdde I ARG G he ARERER iR EeEp6IysateHaride usatasa the

fuglo 116 the-glueose caneeniationonhesuriase of thefuel glectiade. L ors.

in {hetfgglselectrode_ 1 can be kept high, as compared to that obtained

whén Using JTEESSe fihith Ts BiRbiitshtChEREY -as BfasldSpéeicatiy Horge

example; driiylosananaineedine staretueanyises seweral iundeed 0,6 ye r,

seélgé%l thousa gm lecules 20 of glucose bonded together, and, when
][é.é’lLﬁee ective uti

one mo of anylose as 4 fuéRhdbBtURS afRieAEhR Shirfidecsithe
fuéPélegtrode 1 by diffusion, the transport speed of glucose to the surface

of the f%g{q% e 1 is several hundred to several thousand times that
achieved when %ﬁ%@e@luig’see %is)%v uefulﬁt%tﬁgﬁ% WtdESthedfséof uel a
stafdly 85 echet hiskdsaiv pugsiblé igtraaspetyglieeseto thesudacedfsafe

thﬁlfé'ﬁl fﬁeqtgoggée%t,am%rugggg% [:anzzjtﬂork at room 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



FIG. 4A shows a state such that a CA measurement (in the 30

measurement of a change of the current with time at a constant 26

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 satisfactoril%ong period of time had lapsed
(diffusion-controlled state). Similarly, FIG. 4B shows a state such that a

C nducted in lucaose solution using the same
e OnEed Saioda T s S Albf B poiiod ofime=e2
ha#f i&psed tdifusivalcorntrotiedostate). The emzymesreactine is thech
enevnedinmablizgad aleckade s satrlagloriy o, bl s, glucose which
has reached the surface of the electrode by diffusion can be very rapld?y
deEbmpdiel Bl aeeIdsetiroraEs. 1 tHeelattrottes ¢nthecase i HiGn can

5 4Boendhecsurfase ofothe gleqtiade, the, consump 'QB&églu%os%QAéég%ed to
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er;ﬁéme-immpbilized electrode balances with the supply of glucose by

diffd&idn AOR BYEGITENER $61iR6n $EeaRhy Frors bhefommymé-immobilizedn .

elecirada i@ exhibi asonatant SiUeasa ?%GEBCQQ%%OPC%%@SQP IQi%]asier
the

glucosglg(gﬁcentration,gradient determines a current, and, the larger

g8 EOHRERGRFOh . GRididie theaBr eriHelamidriy Tha faahe eorbring
casy bedncreased hy inareasing the, Jliepse:SORCEAtion, O the ather ;.

hand .inifahc? case of FIG. 4A, no glucose is present in 25 the solution at

thg%%glnnln CoP s Ao RRAENE - buF iR SoRReHeCamRgNamPle in which

glatcamnylaseuas svels as siaschi anddensel ghicoamylase Bydrolwzes -t rode
ste_ilrch to form glucose. In this case,

[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



on the surface of the electrode, the consumption of glucose by the
enzyme-immobilized electrode balances with the supply 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 t8 that obtained when using a
glucose solution (compared in terms of the uItimat(; glucosebslatu(r;latedth
sojyti hen gl mylase and starch_are further immobilized on the
en%g%i%%%bilge%%aggtré e,‘ﬁt]hlaq[%s thé ERSTUGIBF ShdwA TR BTG 18 i@
enipibfes e -atsever all eflectteetrede furtherdmpreved: [0072] SNaxiraon

me: sHRplyi u Lcellis_descrihed. Here, the case
Whg},!l;;atfgrﬁchﬂi% l%!e%]:gg agfl[ljg %f‘r{]gegn?%%aea?%s%r ] Iyl%.ngA aslﬁt_)ws an
urfisEUreardisRRidd sl cdraddgeod2 titedinithAC el 3l sphprising 4D1)
Staich golulondaayiaseounyloDectin: Sathone, e e R el e roae
31lmaycontain glucose, NADH, or the like, and, in such a case, the

cutfehY 28rat HEPhddinafig Bidha 6pérbabncemtid lafgmapeompared téme

the-curephebtainegpubenusing, 8 fual3lcomprising iy sstarsh, FIG. 5B, 5
shqws the used fuel cartridge 32 which has used all the fuel 31. 1n FIGs..
5&%%‘6%@, FerRFénSaTinidnls 352 SR auspRart fuapshistycted in a

Refarenee mnetdl33e 2hhdesignalesa SpEpELoL pmshing:the fusle ot rode

having both ends fixed tq the fuel pushers 33a, 33b. The fuel pusher 33a
10 iSang a
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satisfactorily long period of time had lapsed

{(diffusion-controlled state). The enzyme reaction in the
enzyme-immobilizedelectrode ig 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
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fixed to the fuel cartridge 32, and the spring 33c pushes the 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 gartridge 5 outlet 34b through which
the fuel cartridge 32 is removed from the container. The fuel cell has a
construction such that an air electrode 5 comprised of an

engymecimmobiized saran Llegtiadeiaing,an eozyme meilized on,.
porous garbon and a fuel electrode 1 comprised’of an

engyniE- MBI 28 AbBRoI e feRrbBE henkkpas engyfiecand antrode,

eleetren-miadiaigrrenebilized bygo mebilizer 9AROKOUS SHDAKE . ce of
in é%mgi% Ia{%dl%%osed so that they face each other through a separator
as a prot JtRIGER BB shBRIMGIEIRE efstirsperalyéps).ap the

on ¢
FI8:r6pae anfexampia of edoad 0f:an exigaslaraul, eleale 1Red when
b%g%ﬁ‘ s con gggesdetos the air electrode 5 andthefuel electrode 1. The fuel

cartri g% Fohas Used AT thE10RI 37CHRG Tisstetdrd thBRI8E UL EE R te

natlighteringa Thedueticaritidge 32 generally basasizs larger than that,-cn
of.the Al tro or.fuel electrode 1. 20 [0075) The used fuel

cartr% dg{é{rgéz% %Ecgﬁﬁgg& 13 za%gu?\ﬁs%%eﬂ?é} zé’!ﬂ‘?ﬁdé%“@? Hionded sas rode,
sk&@h R8s Tahe twanridyen istetd4d istpened;. arshileyagsechitielbove

caitrdoe 32.15 inserted into the fuel cartridge container 34 to push the
used fuel 25 cartridge 3%, ﬁattlng i g%vgé{'of the container through the
[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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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 pass&)ée. This can be easily realized in
an electromechanical system, 5 In this instance, in the fuel cartridge 32,

thg&q@égqlsg}g& ﬁ es fuel 31, and therefore, the fuel 31 can be
fed “to the inside of tﬁ}géfu&eeilké%trbdgaﬁéc%%epiiggd: of AR9e 32 1s contained
enyméinhobliizetdarison eidtrod@havilpan enzymetandigs cleetoner

medialos irmapiized by a0 moblSL00BA AR 10 RN INIES i age
effective when, for example, liquid having a hlg% VisScosity is ledas ihé
fuéF3es YRST RIfiBrIT hahuedcritaihdie obtive fusl elocirede gt ridge

mealy 8y diffysianoihe gt SE3RA, i AN pfe rom
omitted, but, when us%ﬁlg the%ztt'l}%shers %%%%3%?%? %p%%gzc %@8 ﬁ% fxo
fubl$5 AR B8 mord Bardiyslippniéd thake insioaof thvefushe ectrdde hat

Labhustha Bl Bdds suesligs-iote dyelgleatiodess 10 IBH POV carpon
g%ieratlon, s0 that the electric bulb 36 lightens. T0076] It is preferred that
C

B HEY P BS T Je R r SRR hE 0 ohierast mar atiorcae Srordeinand

vacantapage of ihribuel canpidos-32deftaftanal the fughdlhas,Reela rbon
u%elcé.ct\?ggéifi ally, CO, or H20 may be discharged from the fuel cell, but,

from ar enviroimaRarBENE SFGiBHA AR fel epdafeNy d s Hatgmgddi zed
frognethée dnelieell is apbprptarced Fapthe1ike in Example 1 aredisposed

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
bulb3éisconnectedtotheairelectrode b andthe 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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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 left after all
the fuel 31 has been used. [0077) .Am?%se may be put in the portion of
the fuel cartridge 5 32 containing the fuel 31. In this case, the

conc tion of glucose supplied to the surface of the_fuel electrode 1 is
inc%ezgte% , %%gsrr% elng?trpc?gs;?b e obthin 8 1drgE e ren FARE R 15R5e Tuel

inigakEuriciae (007 ndo s tia flelchstridgedd?, B, fueb carsitigehe fuel 31
iminarily . fi ith, th I b N , th
DFQ@HG%Y 1@'&?@3\’ Itlilﬂé %.Ig§ %@@Qﬁgéﬁi%eﬁg{zgélﬁé{)et eear%eeg%g%?g?’s&ge .

fuel cartridge 32 into which easily available coo e, pasta, p
thé ke, fiick $s appidpriael treatbd,nischalgetkmaydishasddaA system.

methadsfor chasgingdbe fugl 3115 1ntp the fuel cartridge 3z may bein
which, for example, a fuel reservoir container is Sreparéd and a'fael et
formBdPHF ISt e aftiribe332 isndrinred arthe-bentairdr 83 chargbe fed

thedueh’l sndhisdnsianceethe, fuel crgtdidgs 82 ma itheg rerpoyed
from the fuel cell or not. 20?0079) With respec'?zt(?thééﬁr%al‘fr&nge%% o?rpstgﬁ:h,

SRR RS R IO iFsas i Bomsriset ety i nistaren crystatitesnd an
ard agwtase exkibde aimoskae activity i whensiashyis gated. porous

n-starch is changed to gelatinized a-starch, so that

carbon. This is effective when, for example, 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 33¢, 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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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 by
this method, but it has poor formability. In the solidified fuel 31, molecules
are unlikely to diffuse, and therefore trPsolidified fuel 5 cannot be used as
it is. In this case, while contacting the fuel 31 and the fuel electrode 1 with

e ther, water may be supplied from the qutside or, from the inside of
thaﬁﬁggcgairﬁiggg%% T |8§ %@%té?rlc% %]%ﬁg MAteriat 478 waterchfeafter
sepakatdtrfrénedadh otimes) pbsethatstbé fuel cell starts 10 power

gepgyation. 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

(DMFCY¥1%1hg $£108% haaidndrfudieThisrisiasysterhlie vihieh thefuetidge
elgstriode: 4:and e ik elegtiods S C?!&eeﬂ\i@yég%g@ﬁgi“ punciple. 13

The reaction in this system is represented by the wing formura:
CBH1PBIG066, BEWRH6R, 0-AG ke 4502 kIfmolf [0081F26 Nedteatrode 1

meshoe-for SHeplYing & ftHQlctﬂl@gé&%QQHE’P@%O@@C@IQ%aWQ%H&@ ent

battery, suchasadrycell, isdescribed. [0082] In this case, a mechanism for
réHOving@Te thstrtrigi e Fu@IRaRtridge 32 to the fuel cell is not needed,

andpas phown

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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25in 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] <Example 1> Onto a
glassy carbon (GC) electrode (BAS, 4 = 3.0 mm) 5 were applied dropwise
3 | of a phosphate buffer solution (83 &N) of diaphorase (DI) (UNITIKA
LTD., from Bacillus stearothermophilus), 6 pl of a phosphate buffer

solution. (60 am).of glucose dehydrogenase (GDH) (TOYOBO LTD.), 3 Al
o S Ry PRkl o e B RRIAG) Fiod by
(Oriearalivigast Co.GLuk), 34 ofan lagusalisasaiution bl hofpalydnlysingut
(P. RAASH uf fer sqlution (0.4, f NADH, 2 gl of an
et%r)?oalgss%l%%%n (28 %ngh%eypéft XCN%? tté%] éqlojf%%géc?&eoﬁgﬁa%ti&? lecules
(OREZ59%) bikpdtarld ey A& uE®A ) cantl theyrwbrermixee withl eadlt dtherfuel
and alf-drigd at-lxraam temperatyre, followed by washing with distilled
water, preparing a (%%EthQE/NA%/%]}ECWﬁmrﬁ%mzeeg%%@t%dlen%g’eh €
Figied). 380857 The thuspreparetiodrobilzétielesttbde Wasrused asma may

2@ avering electigds, %égé%&@h%dgcypdﬁwa%ﬁeediﬁ(}% E'LENEe fuel
electrode, a Pt electrode was used as a counter electrode, an electrolytic

cgﬁﬁaﬁéanéﬁ/té&aflu’é}%éfhWéﬁe el Fedpacinpsky hilvasndsedter
asPereagionbath, ARt ldnkef other) . 80 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) uging 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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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 an electrochemical measurement was conducted at room

temperature (25C) [0086] 30 <Example 2> 33 An electrochemical
measurement was conducted in substantially the same manner as in
Example 1 except that 5 mgof a mater¥ obtained by gelatinizinga 50%
phosphate buffer solution of starch at 70C was applied to the 5
GAL/GDH/NADH/DI/ACNQ-immobilized electrode prepared in Example

1, and that the Fé)actﬁ{b% gﬁ&?&?’%@ SFEHFRYEB1 mlofa0.1 M

pho&pRaie buffer solution (pH 7; I.S. = 0.3). [0087] <Comparative

Exgmple 1> 10 An electrochemical measurement was conducted in
substantially the same manner as in Example 1 except that glucoamylase
(GAL) wastomitterl isthe precessof peparing: the damahilizedyelectroglenm)
in tg prepare a GQH/NADH/DI/ACNQ-immohilized electrode.
e R LR A et SR SEAR RAS et I (o3
adbbrdafce itrha potentich SveepImetrod (IV), afa seapaingl speed of

2 he CV.measurement is shown inFIG. 10 (solid
s 8 o Ay BT, 16 il tah LR SR 1€ P40 B 17 T Lom (e0
midAsurdmehiearate daby Wihesena:e MGpHodpieterwffasolytian pl of a

CoMakng fo $iarehwasdised:dh aeagtig solytion isshown by 2

broken line b, and the result
(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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of the CV measurement in the case where a 0. 1 M phosphate buffer
solution containing starch in a concentration of 0. 1% was used 25 as a
reaction solution is shown by a dot-dash line c. In the measurement in the
case where a solution containing starch in a concentration of 0.5% was
used, a result substantially the same as the solid line a was obtained.
[0089) 30 As seen from FIG. 10, when the reaction solution contains 34
starch, an oxidation current is observeﬁ which indicates that starch in the
membrane immobilized on the electrode is decomposed by GAL into

glucose gndthe gluco: ecom osed b GDH and the reactions
successively proceed, %%‘II? at:jh élgt?oge FediieS BtOhE080]
InBaeAGMhéaldrtrbbRerfiosd measurementsirEExamples hﬁﬁdgﬁ:aﬂﬂat 5

Csa@ga.t@%ecmmp&&m@a@gﬁg% 1the Gy ffeg%egfeegg @{Y‘mt DR 8 erer

constant potential 0 V of the working 10 e ectro ereference
eléetodd RishEwAtAIRIG. atl. Figher steatyldedents abtained after a

satisipatorihiviong perine:ef ine.0a3 ansed I0FdG A %hown n;Tahle
[Table 1] Stead current (/cm2 @OV vs Ag A C1 Exa
E XAPRES o5 BGnipgRAtiveIE xaRRetl 91 184009 iPrAyresn Peaseredrom 1

Tableck & bxanplgadeand 2dMM¥eRyr solution (pH 7; I.S8. = 0.3).
[0687]
<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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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 solution was in
contact with the electrode. The reason for this is that the starch
concentration, namely, 25 glucose corfééntration on the surface of the
electrode can be kept high as mentioned above, making it possible to

pr th ition_reactiqn of tr]?eﬁfuel. 3 \%’ ,Q%Iteluc_ose has a
Do e o A Sy e Bh B bomar e
tohéffahol Br Blifarksimbs disadivantlytbus<d acdiffusionsdenttoltete is
reactiomuich 3.5 lslitoyaneediunen e glucose isusedasafuelin.
the formof a solution, but, as apparent from the above results, thée
ploBIERTEatBE $SiveBaRrtdingstartcasafuellor proceed, so that the
inynebidizinggelatinized-staich.en the. surface of the electrode . Further,

the use of a gelatinized solid fuel makes easy handling 10 of the fuel and
ca[ﬁgi?’r?;%lify the fuel supplying system, and hence the resultant fuel cell is
very usaful éscnfuel eall meunted onomobile dRyices. SHEhas (AL 1 ox
pgonesa. 0093] <Example 3> 15 With respect to the fuel electrode 1
haviigintm8BifizEa H7grabh Gafer e & ds aFuehande)adodmglaserrent
(GAh) hsanianzymedesompasig starchdMeHyease, 4 GY che working
m(i%sgremﬁnt was conducted under the same conditions as those used In

xamplé LoThe stiltg SR dHonRif Eface2iqriegdRd 6)shaman 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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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 (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 25 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 fué? lectrode 1 as mentioned above.
Further, the reason why the current increases with the passage of time

resigles-in that the starch 30 is gradually hydrolyzed by glucoamylase
(GAL) and, 36 consequently, the glucose concentration on the surface of
the eledrotePiRtrédiseswREhe Prsiags batinel Ttwseutvediing & hasd 1

shaperwaigue tocediffusien conyolled reagtion. sExample 4> A
fuel cell shown in FIGs. 13A and 13B W%S asse?nL%?e%gﬁaél léafn gvlpaﬁjtéal}ﬁ%ﬁOl’

waE HAGEKERhRArPIEEICs® 1B NG 198, ¢hatioel &elf Izspgt ion which

cdnrstigtionsuch thad aeeair@heslredR Sotoptsed Of g a5 a fuel in
eg%g}s%-imm bilized carbon electrode having 10 an enzyme immobilized
on0:

G CarbBR 1Bl Sty PHiel 2FRRBAE ARSIl BpVe results,

enpymp:inimehilizec cREb ey 1elestregde NaYRg angreymeand apsletton
medp}laﬁ?r %@m.obilizefagg an immobilizer on 0.25 cm?2 carbon felt like in
0S

Example 1" aré dpossd s rariy 1 dlth BthEr R 6ddrha sdpsitarade -
1685 as 7, prawonsonducten 4t this £886:dhe SERABIANAD:IS 2 6YMRNSED: ng

o(f) R4 determined film having proton conduction properties, e.g.,
ﬁopﬁgné%r?cgﬁgfnfégllgéfg?g 1Y 451G & UiRsh SEHP HYESEC fERy Sihd g¥nd
thenfrelebgotdeHdneon 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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the fuel electrode 1, thus facilitating current collection. 20 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 25 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

43b3erve.asair feed pagsages to the air electrade 5. On the other hand
a circulare reces:sgi'i porti§In;{Zgj:%ezlsf%rc??d1 gﬁg%fnag{:’é‘?ﬁle?% COfedEhes e GdEhe
(0BRSSt ifs e S iglateeipang agrumber obholahd4mated 1ine

fopmgd at th rece : Q0w 44a sq that they. penetrate

the clam ép%?eg %%%rg{n%%%er%%id%%ﬁ%%eg 46%%%\% é@?ﬁelrf%ae%tmn'
pa%%%%%i to the fuel electrode 1. A spacer 46 is provided 5 at the

penipghanry pertion of another side of the clamp plate 44 so that the clamp
plates 43, 44 fastened with the screws 45 have a predetermined space
betweed tH&H! [6693] SRS €howh FT BFG. 138, anddd B Masseomecied tend

thenTedAiciutarsicalestarsatl, 42-a08 &stasch/byfier SQUtio Was s (e
cr%a@fdcaslzief el into the recessed portion 44a in the clamp plate 44 fo

pertorm Power fehetalioh SFRE Aot kgt fipetraitiFe aRag PeCe et nade 5
skowp the edrentanlageyaharasiesistics Lidhissfushsell The AL GEGHIt

voltage is about 0.82 va In FIG. 14, a curved line a indicates a current
dens% 220G a VA ihEWirftficdted FBver HerRity LA shanh m Frel
14] thereurdentidensifyrs sbous 4 A/eN2 @hine MUk ed 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
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and the power density is about 0.4 mW/cm' at the maximum, which
indicates that both values are high. 20 [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 25 present invention. [0097] For example, values,
structures, constructions, forms, and thterials mentioned in the above
embodiment and Examples are merely examples, and, if necessary, a

vallie,structure,, 30 £onstriction. farm, or material di erentfromt e gbove
mag% 38 be Used. [0098) Specﬁfeglc);/??c% é?%mpe tjfgerform [ Sftte Fu%ﬂ ehem

orfudeartitd§e sednag el arofrtedffereherorhthatmmentionee szethﬂamp
ahoneremhodicnesnt OF £xanples. J%%‘@M%é QJ@)CSA f%r g§her I‘}Lg feed

electric power by decomposing a fuel using an enzyme, c aracterized in

thBPHadGsl cSmphsed adol§scinzaitie; the ehzgneceompfisés @rovided
d%aprﬂﬁ@smeﬁzyﬁ@ fepPEamAting Qﬁseﬁ@psg@&‘eotg@etﬂ8'x§'f‘§&9 (gt o

form a monosaccharide, and an oxidase for promoting oxidation of the

to
Mmoo cERRHIE Rl BéasRHISE it 2dnd aterregne bRiddwe forrews
changinga goppevmededused dusstothsaxidationefdhe

mgg@;&ggcharide to an oxidant and giving electrons to a negative

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



through an electron mediator. [2] The fuel cell according to claim 1,
characterized in that the fuel comprises at least one member selected
from starch, amylose, amylopectin, glycogen, cellulose, maltose, sucrose,
and lactose. 3] The fuel cell according to claim characterized in that the
fuel is gelatinized starch. [4] The fuel cell according to claim 1,
characterized in that the oxidant of the coenzyme is NAD' and the
coenzyme oxidase is diaphorase. [5] Pfie fuel cell according to claim 1,
characterized in that the fuel comprises at least one member selected
frqra starch, amylose, amylopectin, glycogen, and maltose, and the
enzyme comprises glucoamylase and glucose dehydrogenase. [6] The
fudPE&PAccording to claim 1, characterized in --he-- he fuel comprises

Ce||U|OS%,;@Eji@fc%ﬁzi ,GWQ{J%&%‘?"A{'B%GP ndnggj{qgﬁe fuel.zce%l.l ar

dehydrogenase. 40 7] The fuel cell according to claim aracteri in

thAt theRieT EbRRfisEs Riaitbsea dirnrthe bfifgmerorfiprsestmt mentioned
glysosihdase snd ggﬂgmggggd@g%gpﬁ%'fhe fuel cell according to
claim 1, characterized in that the fuel comprises 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.

_101 The fuel cell according to claim 1, characterized in that the

coenzyme oxidase, the coenzyme, and the electron mediator are
immobilized on the negative electrode.



[11] 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 oxiglase and the decomposing enzyme
are immobilized on the negative electrode. [13] The fuel cell according to
CLM@ 12, characterized in that the polysaccharide is immobilized on the
negative electrode. [14] The fuel cell according claim 13, characterized in

11 thatthe polysacchatde is gelatinized starch. [15,-The fuel eell according.to,

claim 10, characterized in that the immobilization uses an immobilizer
2 LotiprSinge gfttaF&IteHy de Aiid pol:E4y&ine’ 41 ABSTRACT A fuel cell
thavHich lcarcdivectly extract electricipower: from a polysaccharide, such as
starch. A fuel electrode 1 5 is formed by immobilizing with an immobilizer,

on an electrode 11 comprised of, e.g., carbon, an enzyme responsible for
“bYecdhipGsing FPolysitchafide Mo THENBSAECh& e %an efzymer °meting
de sesponsiblefor«decompasing the mhenasaccharide fermedyan coenzyme de,

ancge'gn’ Nﬁ‘{?&%rsle\elA_LD&) ‘Q!P!;‘H?oﬁ?m‘ aogg%cg%%t“d uc?ftotlrwga ﬂ}go%)g gg‘ggga ride

~reaction in the monosaccharide decomposition process, a coenzyme
O g¥idase (€76 S diaphbrase) féroxidizifg’ tie Ted\ctant sFtheréoehAmeny @
codegmb AR orNABDRH), @nthan «electrondnediatante. g AGCNE-BE vitamin o

ar, K3)fop16ceiving, electrons generated dye to the oxidation of the 1 .4,
coenzyme from 15 the coénzyme oxidase and de?llverlng the electronsto

thiRedslettrotee tL i The el e Eomprises the fuel electrode 1 and the air
electrode 5 that sandwich an electrolyte layer

(2] The fuel cell according te 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.



40

(72 The fuel cell accerding to claim 1, characterized in that
the fuel comprises maltose, and the enzyme comprises o-

glucosidase and glucose dehydrogenase,

rgl The fuel cell according te claim 1, characterized in that
~he fuel comprises sucrose, and the enzyme comprises sucrase

and glucose dehydrogenass.

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

[a—

the fuel comprises lactose, and the enzyme comprises f-

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.

1117 The fuel cell according to <¢laim 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.

in

',_.J
%

(157 The fuel cell according to claim 10, characterize

nat the immobilization uses an immobilizer comprising

=

h
glutaraldehyde and poly-L-lvsine.





