1 DESCRI PTI ON PROTON CONDUCTOR, PRODUCTI ON METHOD THEREOF, AND
ELECTROCHEM CAL DEVI CE USI NG THE SAME Technical Field The present invention
relates to a proton (H~ conductor, a production nethod thereof, and an

el ectrochem cal device using the proton conductor. Background Art In
recent years, as a polyner solid-state klectrol yte type fuel cell which has
been used to power cars, there has been known a fuel cell using a polyner
material having a proton (hydrogen ionic) conductivity such as a
perfluorosul fonate resin (for exanpl fiaon (r) produced by Du Pont). As
~a relatively new proton conductor? Wﬁﬁal so been known a

pol ynol ybdat e havi ng | arge anount of hydrated water such as H3My12PO4
29H20 orPROTONde CONDUCTOR) 9 PRODUCTION'Y MEBTHOMR ETHERBOF; ANID

5. 4H20 The above-descri bed polymer material and hydrated conpounds each

exhi bi t gy ' t ' onductivity at a
terrperat%rf‘gdrigggeﬂ%ﬁlmlﬁt% I?@?@Qﬁapyg"@;ﬁ:?%m e, the reason why the
perfluorosul fonate resin can exhibit a very high proton conductivity even
at ordinary tenperature is that protons ionized fromsulfonate groups of
the resin are bonded (hydrogen-bonded) with noisture already entrapped in

a pol ymeFedhni¢dl Field a | arge anmount, to produce protonated

The present invention relates to a proton (H") conductor, a production

method thereof, and an electrochemical device using the proton conductor.

Background Art

In recent years, as a polymer solid-state electrolyte type fuel cell which has
been used to power cars, there has been known a fuel cell using a polymer material
having a proton (hydrogen ionic) conductivity such as a perfluorosulfonate resin
(for example, Nafion ® produced by Du Pont).

As a relatively new proton conductor, there has also been known a
polymolybdate having large amount of hydrated water such as H;Mo;,POy *
29H,0 or an oxide having a large amount of hydrated water such as Sb,Og °
5.4H;0.The above-described polymer material and hydrated compounds each
exhibit, if placed in a wet state, a high proton conductivity at a temperature near

ordinary temperature.



water, that is oxoniumions (H30+), and the protons in the formof the
oxonium ions can snoothly mgrate in the polynmer matrix. Mre recently,

t here has been al so devel oped a proton conductor having a conduction
mechanismquite different fromthat of each of the above-described proton
conductors. That is to say, it has been®found that a conposite netal oxide

having a per ' r Gt ur | thes hi Qi

pr ot on conducf %S/ ?#éfipjé ¢ tﬁ%{# aﬁ%‘i“ﬁﬁy %Fieﬁgé&%%gﬁ %“Egr aﬁtalslo}(lﬁ %eﬁdie%mlﬁlrﬁ%
conduction nmechanismof this conposite netal oxide has been considered
such t hatergrhigbriproten conduictivityl evemiat ordinany temperajurshisithat prptpas iprized
oxygen ions formng a skeleton of the perovskite structure. The conductive

protons ,frbﬁi’\ﬁl‘ﬂ%natérgrd%% oF the RRin Yrd bonded q:zdwgblf-ﬁﬁﬁééd)t witheacistugsi de
but are produced by The foll ow ng mechani sm mely, when t’he perovskite

structurg caontacts the.steam contained. n gn environpgental atno [l

gas. veuBreaD) Sftrinbelf i s RRYASHL Ml i s el YgRRl B Bl Fopiaibhirea
portions which have been forned in the perovskite structure by doping Yb
or the |Whter, thatds agonium ionsr (Hs0F), andethebprotons: in the formaof thes oponiusn
conductors, however, have the follow ng problens. The matrix material such

as the qaﬁg%ah%?“%‘?@fﬁ‘}%% kgjg&{)@gjjﬂ&aﬁﬁtﬁﬁsi n nust be continuously

placed in a suffi uring use in order to keep a high

proton Conducﬂo\fi‘:t%'cenﬂy, there has been also developed a proton conductor having a
conduction mechanism quite different from that of each of the above-described
proton conductors.

That is to say, it has been found that a composite metal oxide having a
perovskite structure such as SrCeQO; doped with Yb exhibits a proton conductivity
without use of moisture as a migration medium. The conduction mechanism of
this composite metal oxide has been considered such that protons are conducted
while being singly channeled between oxygen ions forming a skeleton of the
perovskite structure.

The conductive protons, however, are not originally present in the composite
metal oxide but are produced by the following mechanism: namely, when the
perovskite structure contacts the steam contained in an environmental atmospheric
gas, water molecules at a high temperature react with oxygen deficient portions

which have been formed in the perovskite structure by doping Yb or the like, to



Accordingly, a configuration of a system such as, a fuel cell using such a
matrix material, requires a humdifier and various accessories, thereby
giving rise to problens in enlarging the scale of the system and raising
the cost of the system The systemusing the matrix material has a further
probl emthat the range of the operatiohal tenperature nust be limted for
pr event i%e}ﬁg%{) ing or boiling of the noisture contained in the

mat ri x. e corrposite netal oxide having the perovskite structure has a
probl em that_the erational tenperature nust he kept at a hig

t enper at ure ofN&08ROYR- e?ﬂ?@‘# oYaldeus,, PrRfon ‘?F‘BBE{(qrg’e ﬁ?‘ﬁ?ﬁ?f’cgﬂﬁﬁc@%i ty.
In this way, the related art proton .conductors have the problens that the
at nospheolosdpgpteblemsain t he performance of each conductor becomes high,
and nore specifically, noisture. or stream nust, K be supplied io the |
conduct or to Bheunatrix matedak sueh ascther abone-idantifiad perfinerosulfppgie resi

operational tenperature of the conductor is excessively high or the range

of the GRREARd e&edmﬁ&mg m&ﬁ%i SSUFFSIdRIY wht stdté dufinigniedh drber igkegg aon A

first object of the pre invention isto provide a proton conductor
which 1is usable in w de tenperature range including ordinary tenperature
and has Righ@roton VdtYdependence, that is, it requires no noisture

despite whether or not the noisture is a mgration medium to provide a
met hod of pr oNusbrdinglys aPEGrifdguratioRdeiCa RystedilOsiich #8,0v fek] ¢vll using such a

el ectrochem cal devicé that enploys the proton conductor. A second obj ect
of the Fnatrix -Ena{tgrvigﬂtrieaﬂiriess ath%rﬁlrdﬁliieg and \Parri)otuosnac%%rs]gour%s? rthe:reby giving rise
to problems in enlarging the scale of the system and raising the cost of the system.
The system using the matrix material has a further problem that the range of
the operational temperature must be limited for preventing the freezing or boiling
of the moisture contained in the matrix.
The composite metal oxide having the perovskite structure has a problem

that the operational temperature must be kept at a high temperature of 500°C or

more for ensuring an effective proton conductivity.

In this way, the related art proton conductors have the problems that the
atmosphere dependence on the performance of each conductor becomes high, and
more specifically, moisture or stream must be supplied to the conductor to ensure
the performance of the conductor, and further, the opérational temperature of the

conductor is excessively high or the range of the operational temperature is limited.



whi ch exhibits a filmformation ability while keeping the above-descri bed
performance, to be thereby usable as a thin filmhaving a high strength, a
gas perneation preventive or inperneable performance, and a good proton
conductivity, to provide a nethod of producing the proton conductor, and to
provi de an el ectrochenical device usingt*the proton conductor. The present
I nvention provides a proton conductor conprising a carbonaceous nateri al
essentially conprising a carbon, into which proton dissociating groups are

introdqugc}jp'gﬁ?egfﬂ?@mvén@%ﬁntion al so provides a nethod of producing a
uctor,

proton “con conprising the step of introducing proton dissociating
groups into a carbonacegus material essentially conprising a, car bﬁgﬁg'll'he

present i nvenAifitst abjest of the present-inveation ds keprvifde agquoten condiater

first electrode, a second el ectrode, and a proton conductor that is

posi ti Oﬁe%sﬁblebﬁtaggﬁae &é}ﬁgéfame féﬂge%ﬁﬂ%ﬂﬂ:@:ﬁghg@ﬂnﬁ?géﬁﬁlrerﬁd%swmCt or

conprising a car aceouS materialP essentl ing a carbon, into
whi ch proton _dissociating groyps, are ,ntroduced. éﬁcolr;givgg o0 the proton

conduct citmesphere dependence,\(ha s, 3h reqyifesene AROISHYR RT P& c
conprises the carbonaceous material having a proton dissociating

capabi | i ihpistidFe0 i aS miAgfatRAS meditid N’ prévide o rﬁahddcbﬁ?ro@l_ﬁﬁngi theaprbtyn
state, and further, the protons can exhibit a high conductivity in a w de

| ! udosSckd and dnpprids o NedrFheRuchl Sicc e Bl hHcbiotencn
i nvention has a
conductor.

A second object of the present invention is to provide a proton conductor
which exhibits a film formation ability while keeping the above-described
performance, to be thereby usable as a thin film having a high strength, a gas
permeation preventive or impermeable performance, and a good proton
conductivity, to provide a method of producing the proton conductor, and to
provide an electrochemical device using the proton conductor.

The present iﬁvention provides a proton conductor comprising a
carbonaceous material essentially comprising a carbon, into which proton
dissociating groups are introduced.

The present invention also provides a method of producing a proton
conductor, comprising the step of introducing proton dissociating groups into a
carbonaceous material essentially comprising a carbon.

The present invention also provides an electrochemical device comprising a

first electrode, a second electrode, and a proton conductor that is positioned



sufficient proton conductivity even in a dry state, it can also have a
proton conductivity in a wet state. The noisture may conme fromthe
outside. According to the el ectrochen cal device of the present invention,
since the proton conductor is held between the first and second

el ectrodes, the electrochenical device can eljminate the need for

a
huni di f i between thedirst kadvsecend electrodesedber protan k 6ENFUGIQE| COMPIISIPG ;2

require noisture as a mgration nmediumso as to enhance proton

conducti 'rﬁﬁ{laé@&%e t@ria* h&s@ﬁﬁ%ﬂ&?@ﬂ@{%ﬁi 8N catbdr)€ infy Swhich Bﬁm

i on
has an advantageously smaller an fied construction. rief
Description of ;the Drawi ngs Figs. 1A and 1B are views show ng a structure
of a poldisseniating greups arg miredHeedp| ecul e as one exanple of a ful | erene
derivative of the present invention; 6 Figs. 2A, 2B, and 2C illustrate -

exanpl es of t)&ec&tdihgr@*%eigsﬂov&i | sghdulict 'ofi 1l Piéﬁeﬁﬂ wiveatiehaising gheups
are introduced; Figs: 3A and 3B illustrate exanples of fullerene nol ecul es;

Fig. 4 sho exanpl es, carbon clusters _essentially, co i sing in_a,proton
conduct ofOTKRICEPfe eﬁp@@yﬁ[y i?RFEHFF%;t?‘Pi garbonageQus f‘@ﬁq{@gpbﬁ‘ﬂ’@ge% Brpt‘glgr bon
clusters that have partial fullerene structures; Fig. 6 shows still
further gisodibtiigWapabilhg)peotons ars cabity thumstertedioprudndatteds eversin Fidgy 7

shows additi onal exanpl es of carbon clusters which are bonded to
state, and further, the protons can exhibit a high conductivity in a wide temperature
range (at least in a range of about 160°C to -40°C) that includes ordinary
temperatures. While the proton conductor of the present invention has a
sufficient proton conductivity even in a dry state, it can also have a proton
conductivity in a wet state. The moisture may come from the outside.

According to the electrochemical device of the present invention, since the
proton conductor is held between the first and second electrodes, the
electrochemical device can eliminate the need for a humidifier and the like which
are necessary for known fuel cells that require moisture as a migration medium so

as to enhance proton conductivity. Therefore, the device construction of the

present invention has an advantageously smaller and more simplified construction.

Brief Description of the Drawings
Figs. 1A and 1B are views showing a structure of a polyhydroxylated
fullerene molecule as one example of a fullerene derivative of the present

invention;



each other; Fig. 8 is a schematic view of an exanple of a proton conductor
of the present invention; Fig. 9 is a schematic configuration view show ng
a fuel cell; Fig. 10 is a schematic configuration view of a hydrogen-air
cell; Fig. 11 is a schematic configuration view of an el ect rochem cal

devi ce Fig. 12 is a schematic _confi gur“at lon_vie

el ect r ocheni daigsd&Ac@B, ands2Ci llustrate examples,o M“hg‘ﬂaﬁ' PBC(Q@HY]EF‘(E igto

t ubul ar carbonaceous materials of the present invention as base or raw

mat eri al iafi fntidicegesent invention; Fig. 14
i1l ust ra‘tﬂé%ha}sﬂ&%lgpgfgglaa?%g%ﬁhgﬁgr%ter| al derivative of the pr esent

I nvention; 7 _Fig a.schematic view_,qf the tu car bonaceous
material  derkigst 366"“14:35 illygtrate ed‘%@ﬁﬁf?@lﬂegﬁ/%? &Hai?tsher t ubul ar

carbonaceous material derivative; Figs. 17A and 17B are diagrans depicting

equi val ent  cipjpuyt shotbs e%]ﬁgldsmﬁboﬁ&ilﬁﬁéfs eksentially chmpribiﬁgtm\agpﬁxeﬂm e;
Fig. 18 is ag aph show ng result of nmeasuring the conpl ex I npedance of

a pellet; h shpwi ng a tenperature dependence on the proton

Fi
conduct i | %Eﬁ e,pgpg invention;

Fig. 5 shows further examples of carbon clusters that have partial fullerene
structures;
Fig. 6 shows still further examples of carbon clusters that have diamond
structures;
Fig. 7 shows additional examples of carbon clusters which are bonded to
each other;
Fig. 8 is a schematic view of an example of a protoﬁ conductor of the
present invention;
Fig. 9 is a schematic configuration view showing a fuel cell;
Fig. 10 is a schematic configuration view of a hydrogen-air cell;
Fig. 11 is a schematic configﬁration view of an electrochemical device;
Fig. 12 is a schematic configuration view of another electrochemical device;
Figs. 13A and 13B each illustrate examples of tubular carbonaceous
materials of the present invention as base or raw materials of the proton conductor
of the present invention;
‘Fig. 14 illustrates a tubular carbonaceous material derivative of the present

invention;



Fig. 20 is a diagram showing results of the generating electricity
experinment wusing the fullerene derivative in Inventive Exanple 1; Fig. 21
is a graph showing a result of neasuring the conpl ex inpedance of a pellet
in Inventive Exanple 4 and a pell et in,fbnparative Exanple 2; Fig. 22 -is a
graph showi ng_a tenperature dependence on the proto conductivity ,of. f he
pel let: Fig. Big.il§ is agschematioview of theytulag pect rcéa?%acﬁoﬁ%lr bon ’%"’bt\?(ﬂ@i
produced by an arc di scharge process using a carbon electrode in. Inventive
Exanpl e fi Fig. 24 is a graph that depicts the nmeasurenent of a conpl ex
i npedance of a 'filmused in an inventive exanple in which a tubular
carbonaceous nmaterial is _used, 8,6 Best, Mode fo rrying Qut the | tion
Her ei nafter, EigorH ds aosehemaic JHgWa %?ﬂ%@eﬁf “b%%u&?ﬂ%qaﬁgmﬂﬁ dPB{%\f‘eaT
conductor to which the present invention has been applied, and an

el ectr oci@fiinje; device using the proton conductor will be described in
detail wth reféerence to the acconpanying draw ngs. A proton conductor

according to e i men t he present invention essentially c rieSes
a car bonaceo lg‘iari?gal areflsi{lﬁ afficy ‘ﬁﬁ@fﬂq@i Agpicting. b%quflv?tﬁ“@ c%ﬁpggpﬁ#ot on
di ssoci ating groups are introduced. In this description, "dissociation of

proton (dtperini@mabpéliétsired dh itheimfenpivetexaniplem f uncti onal groups in
reaction "to ionization", and "proton dissociating groups" neans

"functional glgiogu i3 % grba{p% showing a result of measuring the complex impedance of

a pellet;

Fig. 19 is a graph showing a temperature dependence on the proton
conductivity of the pellet;

Fig. 20 is a diagram showing results of the generating electricity experiment
using the fullerene derivative in Inventive Example 1;

Fig. 21 is a graph showing a result of measuring the complex impedance of
a pellet in Inventive Example 4 and a pellet in Comparative Example 2;

Fig. 22 is a graph showing a temperature dependence on the proton
conductivity of the pellet;

Fig. 23 is a graph showing a TOF-MS spectrum of a carbon powder
produced by an arc discharge process using a carbon electrode in Inventive
Example 8; and

Fig. 24 is a graph that depicts the measurement of a complex impedance of a
film used in an inventive example in which a tubular carbonaceous material is

used.



of transferring protons in reaction to ionization". In such a proton
conductor, protons are m grated between the proton dissociating groups to
mani fest ionic conductivity. As the fullerene derivative, any suitable
material may be used provided that it is mainly conposed of carbon. It is
however necessary that ion conduction Fter I nt roduci ng proton

di ssociating groups is larger than el ectron conduction. The fullerene
derivative, as a matrix fullerene derivative, may specifically be

enuner aiByst Mod& fhoCafiyitfd ©ut théwggiondat es of carbon atonms, and a
carbonaceous material Containing a dianond structure. There are a variety

of carbon clysters.., O these, fullerene, fullerene, structure at |east a
bortion of wHERIeTs @ FEetone candustar nd: a, shethed jof mrpdvcings the prefany
or so-called carbon nano-tube, are preferred. These materials are, of

cour se, condattoritolwhichahe Preséiit ifi¢estion has beeh appliedcand an\dle@fodlidnical
sati sfy the above conditions that ion conduction after introducing proton

Fol T ow A5V Rt e Pl oS otaRmilbe fAotartbot BEAHA Witbreftaaps to the
exenpl ary carbonaceous materials is explained. First, an exanple of using

ful | er edecompahginpdiawingsous material is explained. According to this
enbodi nent, the kind of fullerene nolecule or nolecules used as a base

e o A g SRR SRS S SR B BRRL st e
ot ecul %gsentia_lly comprises a carbonaceous material essentially comprising a carbon, into
which proton dissociating groups are introduced. In this description, “dissociation
of proton (H+)” means “dissociation of proton from functional groups in reaction
to ionization”, and “proton dissociating groups” means “functional groups capable
of transferring protons in reaction to ionization”.

In such a proton conductor, protons are migrated between the proton
dissociating groups to manifest ionic conductivity.

As the fullerene derivative, any suitable material may be used provided that
it is mainly composed of carbon. It is however necessary that ion conduction after
introducing proton dissociating groups is larger than electron conduction.

The fullerene derivative, as a mafrix fullerene derivative, 1ﬁay specifically
be enumerated by carbon clusters, as aggregates of carbon atoms, and a
carbonaceous material containing a diamond structure.

There are a variety of carbon clusters. Of these, fullerene, a fullerene

structure at least a portion of which has an open end, and a carbonaceous tubular



are characterized as a spherical carbon cluster or carbon clusters that
generally include the C36, C60 (see Fig. 3A), C70 (see Fig. 3B), Cr6, C78,
C80, C82, and C84 fullerene nolecules. It should be noted that a m xture
of these fullerene nolecules or other |ike fullerene nolecules may al so be
used as the base material of the fulletene derivative. The fullerene

mol ecul ematesial ponsorcalledecathon rana-tubenase prelssiedh of a  carbon cl uster
created by | aser abrasion of graphite in 1985 (H W Kroto, J. R Heath,

S. G OBrienrndte Matthals 37, B Boursen! eiely allukifativé] Ssindé2aryl Hifijgble The
o] e ful I

met hod of producing t erene nol ecul es by arc discharge of a carbon

el ectrode was established five years later in 1990, Ever since the
est abl i smaterial owhigh wpilcsatisfy ﬁhSdab?Y%nCm‘ﬂHea,S ﬂ}?g fon & 100 2 s

have 10 becone a focus of attention as a carbon-based sem conduct or

torial: ! ! . ; .
materia m‘ﬁroqug:ﬁg(gfdiﬁn élﬁb@’cﬁtﬁg foup8 i Riglet thaf elsttromeconduativity

advant ageous m ned the pr conductivities of derivatives of these

full erene nol ecu] es, .and found that a .pol yhydrox ed fuller j.ned
by i ntroduci nip hheiiolewigee fsstain tXP?‘Rﬁlrb@ﬁﬁl lo@a}/)t a mnﬁﬂﬁggqtgﬁ Ee}%"’ene
nmol ecul e or nol ecul es exhibits, even in a dry state, a high proton

conduct i xdriplafy Tatbcifick6uPaiatérials is exglaihedi udi ng an ordinary tenperature
region, that"is, a tenperature range fromless than the freezi ng point of

rater L 1o oghEah bl S81AH SR S fphpa i uaht soend
hydr ogensul fate ester groups, nanely, -0OSO3H groups, are introduced, in -
pl ace of explaideddr oxyl groups,

According to this embodiment, the kind of fullerene molecule or molecules
used as a base material for the fullerene derivative to which proton dissociating
groups are introduced is not particularly limited insofar as the fullerene mbleculés
are characterized as a spherical carbon cluster or carbon clusters that generally
include the Cs6, Coo (see Fig. 3A), Cy (see Fig. 3B), Crs, Cra, Cso, Csz, and Cagy
fullerene molecules. It should be noted that a mixture of these fullerene
molecules or other like fullerene molecules may also be used as the base material
of the fullerene derivative.

The fullerene molecule was found in the mass spectrum of a beam of a
carbon cluster created by laser abrasion of graphite in 1985. (H. W. Kroto, J. R.
Heath, S. C. O’Brien, R. F. Curl and R. E. Smalley, Nature, 318, 162 (1985)).

The method of producing the fullerene molecules by arc discharge of a

carbon electrode was established five years later in 1990. Ever since the

establishment of the practical production method, the fullerene molecules have



to the fullerene nolecule or nolecules. To be nore specific, the

pol yhydroxyl ated fullerene or fullerenol is a generic nane of a

full erene-based conpound that has a structure in which a plurality of
hydr oxyl groups are added to the fullerene nol ecul e or nol ecules as shown
in Figs, 1A and 1B. O course, .wth respecf tq the nunber, arrangengnt

and t he DECREGf 3+ E@‘:‘I‘ﬁ/dng%te’&F% paSof | Gibpmhased semigendugtor MalGRAl ot
variations can be considered. The first synthesis exanple of the

pol yhydrhg Yiket ed ful |l erene has been reported by Chiang, et al. in 1992.
(L. Y. Chiang, J. W Swrczewski, C. S Hsu, S. K Chowdhury, S. Cameron
and K. Creenggn, J. em Soc, Chem .Co n,, 1791 992)). §pce this
report, the S@P%IHWFB%WQPEBM@N%I@WA& ady %ﬁ%'éi[&ée%%)smﬁ @‘eai?m:ﬂﬂ or
nore of the hydroxyl groups has becone a focus of 11 attention,

parti culcanductivitidselofs defivatives\aife these! fillereadi hidlgculasd ahds foesbh that uali ed
mainly in the biotechnological field. In an enbodi nent, the present

i nvent i Qna.Das. ne | scover th a. fulleren eriyative can be forned
from an PRPEdag thka iy IRERS Stainsl b ntfochEines Refi@ o) Rsbiipe 28 % Gimb et
schematically shown in Fig. 2A, in which the hydroxyl groups of each of

t hese nuifararben atothsofra fitllerene maleaide dri moldonlés exhibitsPevetrin grdryestatehe
pol yhydroxyl ated full erene nol ecul e) act on each other, thereby exhibiting

he. perol i ARt Sohbvity (B o iad SrbEr Soike dhioifn e ordiafEeC,

mol ecul es) within the bulk or aggregate of the pol yhydroxylated fullerene
nol ecul é4émperature region, that is, a temperature range from less than the freezing point of

water to more than the boiling point of water (at least -40°C to 160°C), and further
found that the proton conductivity becomes higher when hydrogensulfate ester
groups, namely, -OSO;H groups, are introduced, in place of the hydroxyl groups,
to the fullerene molecule or molecules.

To be more specific, the polyhydroxylated fullerene or fullerenol is a
generic name of a fullerene-based compound that has a structure in which a
plurality of hydroxyl groups are added to the fullerene molecule or m.olecules as
shown in Figs. 1A and 1B. Of course, with respect to the number, arrangement,
and the like of the hydroxyl groups of the fullerene molecule, some variations can
be considered. The first synthesis example of the polyhydroxylated fullerene has
been reported by Chiang, et al. in 1992. (L. Y. Chiang, J. W. Swirczewski, C. S.
Hsu, S. K. Chowdhury, S. Cameron and K. Creengan, J. Chem. Soc, Chem.
Commun., 1791 (1992)). Since this report, the polyhydroxylated fullerene that

contains a specific amount or more of the hydroxyl groups has become a focus of



As the proton conductor in this enbodi nent, the aggregate of fullerene

nol ecul es wherein each or a nunber of the nol ecul es have a plurality of
-OSBH groups may be used in place of the aggregate of pol yhydroxyl at ed
full erene nolecules as previously discussed. The fullerene-based conpound
in which the, OH groups are replaced .wilih the -OSG8H groups as show in Fig.
2B, t hatatieation, parupggéljsum desms sok ity | watesesolublee radnlity,( paid, hhas okgen
hydrogen sul fated fullerene) was reported by Chiang, et al. in 1994. (L.
Y. Chi angy i : ' i, S. Soled and S. Caneron, J. Og.
Chem 5gy?u%iggoﬁa(ui%g%;)ﬂ?e]bl']f?\é&hﬁ%%%laggﬁg' pol yhydr oxyl hydrogen sul fated
full erene may contain only the -OSO3H groups or contain a nunber of the

- OSOBH gr oupdPafl § nbs the, presgmi - iXentigno higs . newly |diseonered sthapra
preparing the fullerene derivative of the present invention, an aggregate
of a | arfuflefsiigd@erivativel dadf BECfoififed HonY arApBrBAS i ille P%Piﬁf’drﬁxgmied
hydr oxyl groups or -OSO3H groups or conbi nati-ons thereof s “prepared.
Since t r ot ons .der,i ved from a . e_ amount of roxyl . groups, or, - OSC3H
gr oups gﬁllgm molecles, as iS¢ ¢maﬁ<a‘%aﬁ§rsb°m @Prﬁ‘lgl- %om Which the hydroxy

nol ecules directly mgrate, the proton conductivity of the bulk or

aggr egatggofips téfeegch Ubf ThENRe moTeLarey! ffjabentS o fe t%merngﬁ ¥hd rezf@ need
of entrapment of hydrogen resulting from steam nol ecules or protons from
an atnosphere and al so without the need of supply of water from an

ext er naldesignates e polyhydrozylated yfullerenen salecile) aobron icach athenathereby t he
i ke from atnospheric air. In other words, the proton conductivity of the

aggr egalexhibitingCa high BEABA ARVt SRR! 8CH High thalsr&aBi Ry b 18 YetReLa Onal

the phenolic hydroxyl groups of the polyhydroxylated fullerene molecule or
molecules) within the bulk or aggregate of the polyhydroxylated fullerene
molecules.

As the proton conductor in this el'nbodimeni, the aggregate of fullerene
molecules wherein each or a numbef of the molecules have a plurality of -OSOs;H
'groups may be used in place of the aggregate of polyhydroxylated fullerene
molecules as previously discussed. The fullerene-based compound in which the
OH groups are replaced with the -OSO;H groups as show in Fig. 2B, that is, a
hyd;ogensulfate-esterificated fullereﬁo] (polyhydroxyl hydrogen sulfated fullerene)
was reported by Chiang, et al. in 1994. (L. Y. Chiang, L. Y. Wang, J. W.
Swirczewski, S. Soled and S. Cameron, J. Org. Chem. 59, 3960 (1994)). The
molecules of polyhydroxyl hydrogen sulfated fullerene may contain only the
-OSO;H groups or contain a number of the -OSOsH groups and a number of the

hydroxyl groups.



groups is not limted by the environnental atnosphere. Further, the

full erene nol ecul es as the base nmaterial of the fullerene derivative
particularly have an el ectrophilic property, which property may all ow not
only the -OSGBH groups having a high acjdity but al so the hydroxyl groups
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exhibits an excellent proton conductivity. According to the proton
conduct oinventim, embaggregate of a lergepmumber of fublercnenderivative amolecylesathgtint
of hydroxyl groups or -OSG3H groups or conbi nations thereof can be
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per unit volune of the conductor becones very large. This is another
- reason wSjneehthe protomscderined fromma dange amovat mfnbydsoxybigroups o +OSQakb

conductivity. Since the fullerene nolecule or nolecules of the fullerene

derivati e o [N ' gq:l?g] | dFthindd Cid ok !
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i n weight, not easily deconposed,, and relatively pure, that, is, éﬁ atively
free of direcHyimigrats, theprotan ceaductivity of thebulk or ageregate of| thess ene

conductivity properties. In addition, the cost that is required to produce

the full ensleeuls’is selfLdetefiimedoRithoaPilid HedPBEEMPapmbArCef Hydebden fdsalting
full erene derivative may be regarded as a desirabl’'e carbonaceous nmatert al

based on _.resource, nvi yonmental, econom ¢ or ,other desir e
from steam 'molecules of protons from an atmosphere and also vgﬁinout the need of

supply of water from an external environment, particularly, the need of absorption
of water or the like from atmospheric air. In other words, the proton conductivity
of the aggregate of the fullerene derivative molecules that contain the functional
groups is not limited by the environmental atmosphcre.h |
Further, the fullerene molecules as the base material of the fullerene
derivative particularly have an electrophilic property, which property may allow
not only the -OSO;H groups having a high acidity but also the hydroxyl groups to
largely promote the ionization of hydrogen. This is one of the reasons why the
proton conductor of an embodiment of the present invention exhibits an excellent
proton conductivity.
According to the proton conductor 'of an embodiment of the present
- invention, since a large amount of hydroxyl groups or -OSO;H groups or
combinations thereof can be introduced to each or a number of the fullerene

molecules of the fullerene derivative, the numerical density of protons related to



considerations as previously discussed. As a result of the present

I nvention, it is further discovered that the proton dissociating groups,
as di scussed above, are not limted to the hydroxyl or -OSGH functional
groups. To be nore specific, the protonisli ssoci ating groups can be
expresse e o] o] | at i
atom c g%é?ﬁ)pi“ lVﬁ &Pa%nift/af/g]rﬂlﬁ%oaf t)ﬂé urt grBf 8%(?5{? %r%e TR
expressed by a chem cal formula of - or -YOH where Y i s, an ar bi

at om or {hea 1gasarh why thegproten mnén@tomdndhm ¢mpodiment gxhi %l“ﬁealbﬁ Pﬁfﬂve

di ssoci at i ng groups are preferably at | east one of the -OH and -0OSG3H, and
- COOH, OPQ(OH) 3 functional groups. According to this

enbodi rrent eI ect ?on attractlve groups such as, nitro 14 groups, carbonyl

groups and carboxyl o nit gro aIkyI gr,oyps,,or ogen
atons (fluori ndneR léfh ‘Ffﬁﬂe {?ﬂ‘ﬁhﬁy "b‘ﬁeﬁﬁﬂéﬁ afAhey Aﬂﬂ’ﬁ ded atlY‘E)QEﬂl
with the proton dissociating groups, to carbon atons of the full erene
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|ntroduc d |n addition to -OH, where Z represerits at | east one of the -NQO2,
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groups in addition to the functional groups, it is easy for protons to be

r el eased ahdorelatieclyr pure) thet isomslatively freewifs cantarhinantsa tisdtemagdnégativaly
the functional groups by the electron attractive effect of the el ectron
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di ssoci at]

required to produce the fullerene derivative has been rapidly lowered.
Accordingly, the fullerene derivative may be regarded as a desirable carbonaceous
material based on resource, environmental, economic or other desirable
considerations as previously discussed.

As a result of the present invention, it is further discovered that the proton
dissociating groups, as discussed ab‘ove, are not limited to the hydroxyl or -OSO;H
functional groups.

To be more specific, the proton dissociating groups can be expressed by a
chemical formula of -XH where X is an arbitrary atom or atomic group having a
bivalent bond, and further the group can be expressed by a chemical formula of
-OH or -YOH where Y is an arbitrary atom or atomic group having a bivalent bond.

In particular, the proton dissociating groups are preferably at least one of the

-OHand -OSOsH, and -COOH, -SO;H and -OPO(OH) ; functional groups.

According to this embodiment, electron attractive groups, such as, nitro



can be freely selected insofar as it is |less than the nunber of the carbon
atons of the fullerene nolecule or nolecules, and preferably may include 5
functional groups or nore. To keep the TC electron characteristic of the
full erene nolecule for achieving the effective electron attractive
ability, the nunber of functional groﬁﬁs IS nore ef erably | f r.&ess

t han halgroups,t farbenyhegroyps cand #arhoxyk groups, fmmgfr e BEOURS: e oﬁah ©

nol ecul es. To synthesize the above-described fullerene derivative used for

the pro umgah RIS HECH éfiefably dhoducdd
cgi L0 ;Rf)m%rq redﬁ%lr Otogoﬁl?igsdggilﬂgzl ng grgsps maéll be

referen exanp es, des
I ntroduced tgo caJ atom; of, each ,or nunmber of the full | ecul es
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nol ecul es to known treatnments, such as, acid treatnment and 15 hydrolysis

sui t abl ynbRciRTUrNAidleduledY t Fig! PR IsWs 4 Hallernedemdlecileetd uvhivhe ? is
derivative thus obtained can be corrpact ed into a desired shape for
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conductivity and to reduce the wei ght of the proton conductor, resulting
in a nol-GdOBOR; i <CHOatCORStER;) arl YSOsCF3i (B ishanfallldyérgrmlpt)ee]ewtmnve.
The proton conductor in this enbodi nent can be suitably used for various

or of or sl gAY efdis O WiliEiheCRgBhGs of i IGHER stERTC #Rubf in Bdition,

that includes first and second el ectrodes and a proton conductor held
t her ebettoethe, futtotiomah groups)r itt isneasyo o protonsstoc baf icjeased from Hbe protam
conductor in this enbodi nent.
dissociating groups and be transferred between the functional groups by the
electron attractive effect of the electron attractive groups.
According to this embodiment, the number of the proton dissociating groups
can be freely selected insofar as it is less than the number of the carbon atoms of
the fullerene molecule or molecules, and preferably may include 5 functional

groups or more. To keep the 7T electron characteristic of the fullerene molecule

for achieving the effective electron attractive ability, the number of functional
groups is more preferably half or less than half of the number of carbon atoms of a
fullerene molecule or molecules.

To synthesize the above-described fullerene derivative used for the proton
conductor of an embodiment, as will be described later with reference to examples,
desired proton dissociating groups may be introduced to carbon atoms of each or a
number of the fullerene molecules of the fullerene derivative by sﬁbjecting a

powder of the fullerene molecules to known treatments, such as, acid treatment and



To be nore specific, the proton conductor in this enbodi mrent can be

preferably applied to an el ectrochem cal device in which at | east one of

the first and second electrodes is a gas el ectrode, or an el ectrochemn cal

device in which at |east one of the first and second el ectrodes is an

activenﬁggfaépde. rei,nafter, an exanﬂ e in which the proton conductor in
I

this e i$is syitably, incombigatione| cel| will be described. Fig. 8 is a
schematic view showi ng the proton conductance of the fuel cell in which a

proton conducAfteptreatment) tHe powidet @f bhé feRerene (derbiativleahus @btainbarcap ! e,
hydrogen el ectrode) 1 and a Ssecond el ectrode (for exanple, oxygen

el ectrode) 3, rei rof Qqns di.ssoci at.ed,qr tr ferred in the proton
conduct i‘ﬁ‘?@’ﬂﬁﬁt?dmyﬁof H?HQEﬁdtaﬁ?PFr examnple, into 4 E“greiodé‘: he %‘?‘HB“‘E{H&) ﬂghl"econd
el ectrode 3 side along the 16 direction shown by an arrowin Fig. 8 Fig.

9 is a yuivadatdan beé petformedngithoat eseopPhey dindérs whieh is effective ng enhance
proton conductor in this enbodinent. The fuel cell is configured such that

a negatjye el ectrode. .(fuel ectrode, or_h ogen el ectraod to or.in
i o a the PritoBresmiryityand i Fede o el SR SrcESh Bhibetorcshilie)
termnal 8 faces to a positive electrode (oxygen electrode) 3 to or in
whi ch a inatmblded matérialthatsibstantiallyagymdinsrthe fulgreneattrivativehi ch has a
terminal 9, and a proton conducting portion 1 is held therebetween. Upon

negati ve. ol o, fEn HYERERRTI Bif RS Rheet AT eBliblypserCihn ffins

soneti mes not provided) on the negative el ect rode 2 side. During a period
in whi clegtrpchemyieal devicgsseFor rexamplea the quesent sinyention gamberprefierably

generated. The
applied to an electrochemical device having a basic structure that includes first and

-

second electrodes and a proton conductor held therebetween, wherein the proton
conductor is configured as the proton conductor in this embodiment.

To be more specific, the proton conductor in this embodiment can be
preferably applied to an electrochemical device in which at least one of the first
énd second electrodes is a gas electrode, or an electrochemical device in which at
least one of the first and second electrodes is an active electrode.

Hereinafter, an example in which the proton conductor in this embodiment
is applied to a fuel cell will be described.

Fig. 8 is a schematic view showing the proton conductance of the fuel cell in
which a proton conducting portion 1 is held between a first electrode (for exzimple,
hydrogen electrode) 1 and a second electrode (for example, oxygen electrode) 3,
wherein protons dissociated or transferred in the proton conducting portion 1

migrate from the first electrode 2 side to the second electrode 3 side along the



protons mgrate together with protons generated in the proton conducting
portion 1, onto the positive electrode 3 side, and react with oxygen (air)
19, which has been supplied in a flow passage 17 froman inlet 16 and
flows toward an outlet 18, to generate a desired electronotive force.
According to,the fuel cell having the dBove configuration, since the

pr ot ons diggGhionshawn bytanagsew:idnFigeSduct i ng portion 1 migrate, together
with the protons supplied fromthe negative el ectrode 2 side, onto the
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result, it is ssible to elimnate the™ need of "any humi ditier or Other

wat er source or Qther external, mgration _nmedium and hence tqQ sinplify the
conf i gurHPfoh CSPSPﬁ'@rs‘}‘sleﬁ]f‘dﬂboﬁh@éﬁme '?‘m? %é“rligﬁﬁl?dﬁ lg@?at%iﬁh that"a
Anot her enbodi.nent of the present invention will be described bel ow

Anot her rgatitestedtrode gﬁ&f Eleftbdé 0P MydeGgéi Eleeftod€) P26 0¥en whih!d'Gdtalyse
above-descri bed fullerene derivative’is Used in conbination with a pdlyner

mat eri al,, However, th r gt on,.condugct o f, the second di ment e
cosent | 4 i ctiselY;onetfapRed of Gusietscs, aud oY ich s aderinensl & taces 1p aasitive
enbodi nent. A second proton conductor in this enbodi nent contains the

above- deelectrddel(oxygeneslecirode)y 3 varor is whicha edtalyist Ba ds elosely sveilapped or
groups are introduced in carbon atons constituting fullerene) an

a
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material is generally 50 w% or less. If the content is nore than 50 wt %
t he prottherebetween.  Upon use of the fuel cell, hydrogen is supplied from an inlet 12
on the negative electrode 2 side, and is discharged from an outlet 13 (which is
sometimes not provided) on the negative electrode 2 side. During a period in
which fuel (H,) 14 passes through a ﬂéw passage 15, protons are generated. The
protons migrate together with protons generated in the proton conducting portion 1,
onto the positive electrode 3 side, and react with oxygen (air) 19, which has been
supplied in a flow passage 17 from an inlet 16 aﬁd flows toward an outlet 18, to
generate a desired electromotive force.

According to the fuel cell having the above configuration, since the protons
generated in the proton conducting portion 1 migrate, together with the protons
supplied from the negative electrode 2 side, onto the positive electrode 3 side, the
proton conductivity becomes higher. As a result, it is possible to eliminate the
need of any humidifier or othgr water source or other external migration medium

and hence to simplify the configuration of the system and reduce the weight of the

system.



conductivity of the fullerene derivative my degrade. Since the second
proton conductor in this enbodinent contains the fullerene derivative, it
can exhibit a proton conductivity conparable to that of the proton
conductor of the present enbodi mant Whj,l e the proton conductor in the

present enbodi,nent contgi ni.n t e i{e . a
conpact ed powéé\oﬁéesr dggﬁ)rqdl,u“ b ?Y/fe Qﬁﬁepgéégﬁt me&ﬁogln%ndygt oérfég‘%l?%?s _
enbodi ment having a filmformation ability deri ved from the pol yner

mat er i al belaw.be Anotheraembodimentais elifferant framrthie present embodinent inthat) the

| arge strength and a gas i nperneabl e property. In general , the thickness of

the pro C | L1 fid e 0 r
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the proton conductivity as much as possible (due to the regctlon wth the

_ ful | er enmatenialy atHowewer,tthe proken) candudtes of thel sacondnembodiment essentially may
be generally selected from polyners having no el ectronic conductivity and
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reason why ponquoretherne pol yvinyl i dene fluoride or polyvinyl alcohol
are suitabl e Af $scondeprotambeendudenin tisemhodiment cantinshspbasierdasenibest
descri bed bel ow. The reason why pol yfluorethylene is suitable for the

second Pfflidiene CAGIVARIRY (irftot Blich epfaén adﬂ@&éia{ihgﬂgfcﬁf e inffoiduided: ifFven

by addi ng polyfluorethylene to the fullerene der |n an anount
smal l er than that of not he |aI It ossi ble to easi
form & t FORiHlamscansBRg i llereac) and s polymet material. ety

The polymer material may be one kind or two kinds or more known
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polymers having a film formation ability. The content of the polymer material is
generally 50 wt% or léss. If the content is more than 50 wt%, the proton
conductivity of the fullerene derivative may degrade.

Since the second proton conductor in this embodiment contains the fullerene
derivative, it can exhibit a proton conductivity comparable to that of the proton
conductor of the present embodiment.

While the proton conductor in the present embodiment containing only the
fullerene derivative is used as a compacted powder as described above, the second
proton conductor in this embodiment having a film fonﬁation ability derived from
the polymer material can be used as a flexible proton conductive thin film having a

large strength and a gas impermeable property. In general, the thickness of the
proton conductive thin film is 300 £¢m or less.

The kind of polymer material is not particularly limited insofar as it does not



proton conductor having a |l arge strength. The content of polyfluorethylene
i ncludes 3 Wt %or less, preferably, in arange of 0.5to0 1.5 w% By
addi ng pol yfluorethylene to the fullerene derivative in an amount wthin
the above range, the thin filmof the gecond proton conductor has a

1 uor  aeoRitrs) R TRoldelckanductivibf, 42 i, 8 P RIB (Y (OMRET FUHGRT,

is that it is effective to forma proton conductive thin filmhaving a
good gaswiithr theafullenene deximative oatthe like) andehasom fidnx farmations abilitys byt mayase
Is preferably in the range of 5 to 15 wt% If the content of polyvinylidene

fluorid r LN i st heq | kAT baME
range, ¢ PorBARTHYCEICRIC Mhm polPrs, 1iheFa! BMRionid Cofiyciiy e
The thin filmof the second proton conductor in this enbodi ment may be

obt ai nedexlyibitinggaa gonsnstabilitys or éxamplese cofni these polymers mayr inchde
nmol ding, filtration, application, etc.. The second proton conductor in
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second el ectrodes, the proton conductor may be replaced with the second
proton  férHe&eesnd préténscondaetdrigthis embodiment will be described below.

The reason why polyfluorethylene is suitable for the second proton
conductor is that it has a good film formation ability. Even by adding
polyﬂuqrethylene to the fullerene derivative in an amount smaller than that of
another polymer material, it is possible to easily form a thin film of the second
proton conductor having a large strength. The content of polyfluorethylene
includes 3 wt % or lesé, preferably, in a range of 0.5 to 1.5 wt%. By adding

polyﬂuorethylené to the fullerene derivative in an amount within the above range,
the thin film of the second i)roton conductor has a thickness that ranges from 1 4m
to 100 L4 m.

The reason why polyvinylidene fluoride or poi'yvinyl alcohol are suitable for
the second proton conductor is that it is effective to form a proton conductive thin
film having a good gas permeation preventive ability. The content of these in this
case is preferably in the range of 5 to 15 wt%.

If the content of polyvinylidene fluoride or polyvinyl alcohol is less than the

lower limit of the above range, there may occur an adverse effect exerted on the



Fig. 10 is a schematic view showi ng a hydrogen-air cell to which the second
proton conductor in this enbodinent is applied. In this device, a hydrogen
el ectrode 21 faces to an air electrode 22 with a proton conductor 20 forned
intoa thinfilm(configured as the second proton conductor) held

t her ebet ween, and the outsides of t hed® el ectrodes 21 and 22 are held

bet ween R i¢lat e 24a and a Teflon plate 24b having a nunber of hol es
25 and fixed thereto by way of bolts 26a and 26b and nuts 27a and 27b, and
a hydrogen elpigd fisidefiliicsf ﬁﬁas@é&ltﬁ?r&bﬁ ccﬁid%@idﬂﬁﬁtﬁi@%ﬂn@@dﬁn@éﬁt%dyrﬁe from

the el ectrodes 21 and 22 are extracted to the outside of the cell. Fig. 11
is a schematic view showi ng an, el ectrochem cal device to which the. second
proton CbteRed By nsing:a knaves dilm Fermation, chaiquessuch asn sxiysianymolding, 2
proton conductor 34 (configured as the second proton conductor) is held

bet ween ﬁ:ltlfaﬁbﬁ;hpﬁi@tﬁﬁi,rewl? 31 having on its inner surface a negative
el ectrode active material layer 30 and a positive el ectrode (gas

el ectrode) 33, havin n its ouyter surface as perneation,s ort .32 The
neoat | ve. el oot st PratoR coBnclor ShoahRemBofifnell cih B rergabRaRplicd
absorption alloy or a hydrogen absorption alloy supported by a carbon

mat er i altostimh edsctrodhemieak ndevidd eog ashipkr tiRatprotors womduttor3in nthy peesent
configured as a porous carbon paper. The positive electrode 33 may be
prefera . ing a paste of platinum supported by a powder of
carbon.Q%&ﬂ%ﬁégﬁaégﬁpﬁﬁgabuter ends of the negative electrode 31 and the
outer ends of the positive electrode 33 are bl ocked by gaskets 35. In this
el ect r ocheni clatdéwitoe,sayhainyithg electiochpmicalr dewite/ toakwhirhwether poesent
present on

embodiment is applied, in which the proton conductor is held between the first and

second electrodes, the proton conductor may be replaced with the second proton
conductor in this embodiment.

Fig. 10 is a schematic view showing a hydrogen-air cell to which the second
proton conductor m this embodiment is applied. In this device, a hydrogen
electrode 21 faces to an air electrode 22 with a proton conductor 20 formed into a
thin film (configured as the second proton conductor) held therebetween, and the
outsides of these electrodes 21 and 22 are held between a Teflon plate 24a and a
Teflon plate 24b having a number of holes 25 and fixed thereto by way of bolts 26a
and 26b and nuts 27a and 27b, and a hydrogen electrode réed 28a and an air
electrode reed 28b extending from the electrodes 21 and 22 are extracted to the
outside of the cell.

Fig. 11 is a schematic view showing an electrochemical device to which the

second proton conductor in this embodiment is applied. Referring to Fig. 11, a



the positive electrode 33 side. Fig. 12 is a schematic view show ng an

el ectrochem cal device to which the second proton conductor in this
enbodi ment is applied. Referring to Fig. 12, a proton conductor 41 forned
into a thin film(configured as the second proton conductor) is held

bet ween a negative el ectrode, 38 havi ngzﬁn its inner surface. a negaﬁ?ii/

el ect r oquotan conduetor3da(canfigured asathe =segond; i protan ec?qflfﬁ@t@a hBvi ﬁ‘gn
its inner surface a positive electrode active material |ayer 39. The
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essentially COITpI’I%I ng ni ckel ydroxide. Even in this el ectrochem cal

devi ce, gaps between the _outer ends, of _the npegative el ect e 38 and., the
out er erdgtivermatazialdayey 36 @%étHQﬁéFéVQlG]eﬁ@‘{;b&?él@jEcW%S %ﬁ?aamg B 115
Each of the above-described el ectrochem cal devices using the second proton

conduct ytePsirtade f@ﬂ@ﬁ%ﬁﬁ@&ti&ﬁ@u@éﬂm Ao AotV elechode uefive matefihbct
on the basis of the“sa mechani sm as that of the el ectronechani cal device

usi ng the proton gondyctor  in the esent enbodi nent ., Furt her inc he
cecond TBABSrcomARNIEAS & BydsperRbsEIpD LG E Sbdiodeh FBSoRHA ERYE i on
with the polyner material having a filmformation ability, it can be
fornmed ig oﬂeﬂfbgﬂ af ¢drbon natenial suthaga fillerené.n The gasspernieatiom support
perneability, therefore, it can exhibit a good proton conductivity. A
third e di mept of (the present invention wll SGJ:

third e H}%ﬁF @ﬁﬂ?&aérﬂ PRI £ opiqmer.anﬁﬁggogﬁtébggg%%ﬁﬁ%n %BF t hat
the proton conductor essentially conprises a carbon cluster derivative or
der i vat ibeepreferably formed by coating a paste of platinum supported by a powder of

carbon. Gaps between the outer ends of the negative electrode 31 and the outer
ends of the positive electrode 33 are blocked by gaskets 35. In this
electrochemical device, charging can be performed by making water be present on
the positive electrode 33 side.

Fig. 12 is a schematic view showing an electrochemical device to which the
second proton conductor in this embodiment is applied. Referring to Fig. 12, a
proton conductor 41 formed into a thin film (configured as the second proton
conductor) is held between a negative electrode 38 having on its inner surface a
negative eléctrode active material layer 37 and a positive electrode 40 having on its
inner surface a positive electrode active material layer 39. The positive electrode
active .material is typically configured as a material essentially comprising nickel
hydroxide. Even in this electrochemical device, gaps between the outer ends of
the negative electrode 38 and the outer ends of the positive electrode 40 are

blocked with gaskets 42.



but is the same or simlar to the first and second enbodi nents in other
ways, such as, the basic function of the proton conduction nechanism A
third proton conductor in this enbodi nent essentially conprises a carbon
cluster derivative in which the proton dissociating groups are introduced
to a nunber of carbon atonms of each oflthe clusters or carbon ¢ ust%s

whi ch are usdéachas of bthee abees-described telectzeehamical usdevicg®, | YHINBy e herhe
af f or di ' t i Mol i€ al eétivd , as
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researches conducted by the present inventor have reveal ed that, for
many pro sites or channels of conduction) as possible

need to be provided to the carbonacequs materi glﬁ it has q‘een ojnd t hat
sat i sf acaffecy o thedpasis of the sametmechanisim asciiat of dhe sleotronmes Ic’ o

carbon cluster as small in size 22 as possible is used and two or nore

proton Oﬂs?ﬁ%‘iﬁé‘b}ﬂﬂn clorem ﬁlegsx@seﬂtremsaamtpn Frirthepl/s#ice Shelsecdmd t hi s
t he sol 1 d-shape

case, proton conductor 1s inproved appreciably in

acidity. However,_ in contradjstinctjion from other c¢carbonacequs materjal s,
the car Hueten eanductoy gontajping, the iﬂ-‘ﬁ&“‘dw @@rwatlvs n“hrﬁfl’mn@t?ﬁﬁppowl the
durability, with the constituent atons of the carbon cluster being bonded

tightly SlyRite MBRIrA¢ having A filne fosAatién hbﬂityf liecambe feimed dntooa thinsfilmt
col | apsed, "that is chem cal changes are less [iable to occur, even if the

acidity js,. high, thus enabljng t filmstructure i.0t.a o -The
third priAving slgen *F?d Q%E?Eﬁﬂ?%?ﬁnmﬁm ﬂﬁtﬁgg‘%\‘)g& 1@%&# i%gg}b&irlgon
can exhibit, even in a dry state, -a high proton conductivity simlar to
t hat of WPmtohlmnﬂhcﬁVitynd second proton conductors in the first and

second

A third embodiment of the present invention will be described below. The
third embodiment is different from the first and second embodiments in that the
proton conductor essentially comprises a carbon cluster derivative or derivatives,
but is the same or similar to the first and second embodiments in other ways, such
as, the basic function of the proton conduction mechanism.

A third proton conductor in this embodiment essentially comprises a carbon
cluster derivative in which the proton dissociating groups are introduced to a
number of carbon atoms of each of the clusters or carbon clusters which are used
as a base material for the carbon cluster derivative.

The researches conducted by the present inventor have revealed that, for
affording satisfactory proton conductivity to the carbonaceous material, as many
proton conduction paths (sites or channels of conduction) as possible need to be

provided to the carbonaceous materials. It has been found that satisfactory proton

conductivity can be achieved as the entire bulk if a carbon cluster as small in size



enbodi nents. As defined above, the cluster neans an aggregate of up to

several hundred carbon atons that are cl osely bonded together. Due to this
aggregated structure, proton conductivity is inproved, at the sane tinme as
chemi cal properties are naintained to peovide for sufficient filmstrength

and ease W Hos¥iBIE s use 3nAdtwot bEGhBEE pfotbar Midsoétatinpe sitistituded, afehe

cluster maifly conposed of carbon neans an aggregate of "up to several
hundred carbon atons, that are closely bonde t oget her i.rrespective of the
car bon t GEERdRA B ds Pyt Sidse %Hﬁﬁ@aﬁﬁaﬁ%ﬁpﬁﬁgs aped RIOION Gonglets s
atons. It should be noted that the carbon cluster, that is, an aggregate

of that siubsiovetli apprecidblyaiinsacidityon Howeves iiptcontrdistitiction dhdmr elther
conposed of” carbon"atoms. "In this fegard, a collection of atons, the ngjor

part of 23 _which is carbqn atons, is herein ter a carbon cluster.
Oar i ous asboNasoous matarilny i Fatgn st iyt 0t dietedomli o, Rl aad,
in Fig. 4to 7. In these figures, the proton dissociating groups, for

exanpl e, sipdrivtyin duaabidity Aveitinahe shwstituedir amorsest the gearbon clusier being
that the materials for the proton conductor permt a wide |atitude of

Spheroi o Ronddt el U8, 5@ RRGhE B Bog Bl (ARLTAG (et Y06 is gt

carbon clusters that have a partially open spherical structure which is
char act ercallapsby, thatdpecheamnidabchanges. arefiess ddable ddumcuonewdn ihthe acidityeise
nol ecul es by arc discharge, a | arge nunber of carbon clusters having a

SEher o2l gkt R SRS SEURRRRAES o0 procuets: Fo- o

The third proton conductor in this embodiment having the above
configuration can exhibit, even in a dry state, a high proton conductivity similar to
that of each of the first and second proton conductors in the first and second
embodiments.

AS defined above, the cluster means an aggregate of up to several hundred
carbon atoms that are closely bonded together. Due to this aggregated structure,
proton conductivity is fmproved, at the same time as chemical properties are
maintained to provide for sufficient film strength and ease with which a layered
structure is formed. On the other hand, the cluster mainly composed of carbon
means an aggregate of up to several hundred carbon atoms that are closely bonded
together inespective of the carbon to carbon molecular-type bonding that exists
between the carbon atoms. It should be noted that the carbon cluster, that is, an

aggregate of that substantially contains carbon atoms is not necessarily entirely

composed of carbon atoms. In this regard, a collection of atoms, the major part of



whi ch nost of the carbon atons of the carbon cluster are in the SP3

bondi ng. A carbon cluster material in which nost of the carbon atons are in
the SP2 bonding, if it has a planar structure of graphite or has all or
part of as fullerene or nano-tube strygture, is undesirable as the base of

t he proton, conductor becaus en a el egtronic L3 yfue
to the 3I¥BICBJSfarpon Gpmﬁelsghﬂf”r‘h% f"hl‘l"aé BReC ﬁ“'sli‘?{ano \{%ﬁggﬂ ttyéé% uorf;
that has the SP2 bondi ng often has no electronic conductivity because it

al so pardaiisdn Kluseets Briigiogstes ofdarbérh atoms ardshewnhia Bigsi4 thl/e Ja3hese
bondlng, and therefore, 1t is desirable as the base of a proton conductor.

Fig. ows carbon clu ters i ch_are nde us,
repr ese 1gur €§’aﬁfﬂ frotpn ESBSW 108, | STRS, 1% eﬁf}ﬁrﬁzﬁﬁ&r ?@%ﬁ%% p hg
carbon 24 cluster derivative of the pr oton conductor in an enbodi ment of

the thi rshowat. From ¢hestufigaresyfit i seen ¢satnthei materidls for The pootont eendudtoy
proton conductor in this enbodinent, it is required to introduce proton

di ssoci atin t h rs or carbon clusters. Further, it my be
desi r abIR¥T ngg ﬂ?ﬂgﬁ&dﬁﬁ%&%&:ﬁfo& ectronic attractive groups to each of the
clusters or carbon cluster. The proton dissociating groups may :

i ntroduced t dRigedchows ¢arbonlclssters having (sphdﬂmlestwquGSh@hﬁtwld)Wﬂ@“fes,
production nmethod. According to the production nethod of the present

i nventi | I venga j daici ng
carbon ¢ ?learﬁgﬁl(%gnp%?eg%gfllaggﬂ%gﬁabo%g Bb‘?foaﬁ% gli- sC ??‘géé&g?‘ ]%Ycl?}’gon
based el ectrode and suitably subjecting the cajbgon clusters t8 aci d

treat nerpartlaLIynngu sphericad stcturei whigh i gharacterized by an open end or ends.

During production of the fullerene molecules by arc discharge, a large number of
carbon clusters having a spherical structure with open ends are generated as
sub-products. Fig. 6 shows carbon clusters each having a diamond structure, in
which most of the carbon atoms of the carbon cluster are in the SP> bondiﬁg.

A carbon cluster material in which most of the carbon atoms are in the SP?
bonding, if it has a planar structure of graphite or has all or part of as fullerene or
nano-tube structure, is undesirable as the base of the proton conductor because it
has often an electronic conductivity due to the SP? bonding.

On the contrary, a fullerene or nano-tube structure that has the SP? bonding
often has no electronic conducﬁvity because it also partially contains an element
that exhibits the desirable SP? bonding, and therefore, it is desirable as the base of
a proton conductor.

Fig. 7 shows carbon clusters which are bonded to each other. Fig. 7, thus,

represents examples of carbon clusters that can be utilized to make the carbon



hydrol ysis, and al so subjected to sul fonation or phosphatation so as to

I ntroduce the sulfur and phosphorus-based functional groups, respectively.
The carbon cluster derivative can be conpacted into a suitable shape, for
exanple, into a pellet. According to tththird proton conductor in this
enbodi neny, the [epgth of the major axi§ of each ,of the, carbon cluystgrs, as
t he baseCi‘Eﬂteft he‘s@Wﬁ cl téggdepmﬁgpi \oadgetaria %Wgﬂs%ﬁ%&ﬂ% be
100 nmor less, O preferably, 100A or |less, and the nunber of functional

gr oups t@r&@niﬁﬂmthbfiﬁéﬁmthﬁm.pr eferably 2 or nore. The carbon.
cluster used for the third proton conductor nmay be of a cage structure at

| east part of i.ch ) n ends. Th arbon, cl uster,s having such.a
def ect st ruct dr% form htger'g‘g%t PWQPQ %‘?’Hﬁl"g‘i’r f’b%ﬁa? dHnFm’I’éFalﬁngqHH&daﬁoso
has a higher 25 reactivity at its defect portions, that is, its open end

portion dntredude priton dissoelatinypyoupshte theludtessoibcarboh witstess. edéurthery iing
such a defect structure, that 1s, open end or ends, as the base of the

Lbber L GHRE 5 SR A5 e RO entli ot i Bl 00 b oord 0
I ntroduction efficiency of the proton dissociating substituents, thereby

enhanci nglystersoor carboncelusiery Thetpretomidistopiatingngrompsumayrbe trodwced ta i s
possi ble to synthesize a | arger anount of carbon clusters as conpared with

cost. TheRl RAaFCipefR i aR8Rehte RIBEHE AR MORuITHEROR, © it 1o

be introduced to each of the carbon clusters as the base of the third
prot on conducthecording to the production method of the present invention, a carbon

cluster derivative can be easily obtained by producing carbon clusters composed of
carbon powder by arc discharge of a carbon-based electrode, and suitably
subjecting the carbon clusters to acid treatment, typically using sulfuric acid and
hydrolysis, and also subjected to sulfonation or phosphatation so as to introduce
the sulfur and phosphorus-based functional groups, respectively.

The carbon cluster derivative can be compacted into a suitable shape, for
example, into a pellet. According to the third proton conductor in this
embodiment, the length of the major axis of each of the carbon clusters as the base
of the carbon cluster derivatives of the proton conductors may be 100 nm or less,
preferably, 100A or less, and the number of functional groups to be introduced
therein may be preferably 2 or more.

The carbon cluster used for the third proton conductor may be of a cage
structure at least part of which has open ends. The carbon clusters having such a

defect structure has a reactivity similar to that of a fullerene and also has a higher



in this enbodi nrent may be the sane as those descri bed above. The third

proton conductor in this enbodi nent can be suitably applied to various

ki nds of el ectrochem cal devices, such as, a fuel cell. In this case, the

configuration of the el ectrochem cal d?yice may be basically the sane as
o

that of the electro hani cal deyice whi t [ : o ton
conduct &gactivity,at 1ts; H&%cﬁ,pog@e%dt\ﬁgﬁﬂ%dil}ﬁenpﬁ?g }S"p‘{ i éghtla‘%:e% t atﬁth e
first or second proton conductor is replaced with the third proton
conduct &ecorditfdy] fh isti 6fticarboh elustersneichtltaving subh @ defociastrgture; 4hatdls o
exhi bit a good proton conductivity even in a dry state, it is possible to
elimnate the peed of proyjdi,ng an } i ] r ' | nt
that pr éﬂl‘?@egn‘irpreﬁp 3§ \q’r? gl?agf’i %tﬁ% [}’hﬂ'dagf&%gt %éﬁdgﬁosl:t gg#nepfg%?jé teﬁg%ce to
sinmplify the system configuration and reduce the weight of the system A
fourth dnfreduction ofproton dissouiating swbstituentsiby aciddreatment oe thelikeuthah 196

whi ch the proton conductor includes a tubul ar carbonaceous materi al

derivati,ve. The tuhu r f el | ' | ul ar
car bon aéﬂﬁ{?gsﬁ&% ‘é‘{“ﬁgcéfo?lt %Eg%%g&lnéﬁ {eifel E{dt@#ﬁfgfs{oggafﬁdgr’ ﬁéﬁar o%igg’ztéﬁ géb&b
material includes a CNT material that is conposed of nano-tube nolecul es
that eacmhaacing pratenreonaductivityoof thevthisd protonceendnctor.| ckurther,nitca§ |y
in arange of 1 to 2 nanoneters. In addition to the CNT nmaterial, the

tubul ar #&ﬁﬂggg@ﬁ%&@%?ﬁ ia""'larﬁ‘e CAeRst HICHEDEN ustérst Agt comparedpasitld of

nano-fi eac ave a dianeter of several nano-neters or
nore which may reach up to 1 mm Further nown t CNT

It 1S hat the
mat er i alfulletenemolecules gnd hance te preducetheccarhen clusters at a very 16w 80st.

-

The kinds of functional groups and the electron attractive groups to be
introduced to each of the carbon clusters as the base of the third proton conductor
in this embodiment may be the same as those described above.

The third proton conductor in this embodiment can be suitably applied to
various kinds of electrochemical devices, such as, a fuel cell. In this case, the
configuration of the electrochemical device may be basically the same as that of
the electromechanical device to which the first or second proton conductor in the
first or second embodiment is applied except that the first or second proton
conductor is replaced with the third proton conductor. = Since the third proton
conductor in this embodiment can also exhibit a good proton conductivity even in a

 dry state, it is possible to eliminate the need of providing any humidifier or other
like instrument that produces an external migration, such as, water or steam, and
hence to simplify the system configuration and reduce th¢ weight of the system.

A fourth embodiment of the present invention will be described below in



(SWCNT) material that is conposed of nano-tube nol ecul es each being forned
by a single layer or a multi-wall carbon nano-tube (MACNT) that is
conposed of nano-tube nolecules that are each formed of two or nore | ayers
whi ch are concentrically overl apped. {ﬁ; configurations of the SWCNT and

S

2y

t he MACNT. . ecul es are respecti,vel L.n Fi 13B ;
addi t i oﬁthFﬂgihedHE‘ﬁppp?‘?@Pci T ﬂ%‘é“@?«#, ﬁﬂ%ﬁ gal%{ib W%at er %4tgrlglr e
illustrative only wherein it is understood that the present invention is

not | i mdegivatiget he same. According to the fourth enbodi nent of the present
I nvention, the proton dissociating groups that are introduced to the

t ubul ar carbepace mat e i ' or f te cgy barragpus
mat eri al der ?ﬁ?ftl h@“kaﬁcléﬁﬁhﬁ#gaggneﬁg{% i)a?on&?lﬁ(}s%g& a?‘?‘ﬁgagsr oups as
previously discussed in regards to the. other enbodi ment of the pr ese,glt
i nvent i aarbdsadebus shaterind, asFity. basé miaterialan Theatyhwan catbonageous, materi
carbonaceous material derivative that contains the hydroxyl functional
groups. L CRFF kit ' I BE§leS that éch have a
car bonaééghl?lgﬂ?l g@l}‘ gis:dtgrrla]t]@gt F*J‘a?‘?‘h?g%i‘féﬁ ggﬂgﬁﬁ?%giotlubul ar car bonaceous
material derivative as shown in Fig. 14. . As well, Fig. 16 illﬂstrat S
the tubuliameterobfcahca ssvezalonnaometess|of lessy Bppicallyy dnnd i kngs ok 9ati ve
that includes the -OSGBH functional groups. Such a tubular carbonaceous
mat of | alp el v il SddHREUCheDNT Bkl the tiBiRgTbeshdeus miterial
car bonaceous naterial and subjecting the halogenated material to acid
treatnment by using sulfuric or nitric acid in der to i.ntraduce t - OSC3H
functi ormphgiesqo@g%mﬁ@l@ldbat Erc%P%i‘?gla‘éfg%!o'%Fém(&Pc%lﬁs Xgh]f:lg eﬁﬁﬂﬁﬂaiv s
derivati ve.

a diameter of several nano-meters or more which may reach up to 1 mm. Further,

it is known that the CNT material includes a single-wall carbon nano-tube
(SWCNT) material that is composed of nano-tube molecules each being formed by |
a single layer or a multi-wall carbon nano-tube (MWCNT) that is composed of |
nano-tube molecules that are each formed of two or more layers which are
concentrically overlapped. The configurations of the SWCNT and the MWCNT
molecules are respectively shown in Figs. 13A and 13B. In addition, the
.description of the CNT, the SWCNT and MWCNT materials are illustrative only
wherein it is understood that the present invention is not limited to the same.
According to the fourth embodiment of the present invention, the proton

dissociating groups that are intrpduced to the tubular carbonaceous materials in
order to form the tubular carbonaceous material derivatives include the same
proton dissociating groups as previously discussed in regards to the other

embodiment of the present invention. As illustrated, Fig. 14 shows an example of



In addition, a hydrolysis technique may be used to introduce hydroxyl
groups instead of the -OSG3H functional groups. If hydrolysis is used, an
acid treatnment may follow in order to substitute the hydroxyl groups for
different functional groups, such as, ,4 he - OSQ3H functional groups. If a
non- hal ogenat e t ubul ar car bonaceous .ig} er i [ S

materi ald sotubylaty f GaTHPRACEOYS, | Mmafenal, ’é’@gilty s?hét ggpg’fin%eﬁﬁ/api v%j,iﬂNhi s

materi al may be subjected to acid treatnent by using sulfuric or nitric
aci d as fRpeNéRAS bYoutiss C Ubs eatiditbi) FiggalSisillustratese ahatmbenaof dheuthudar
I

carbonaceous material, fluorine is preferably used. The tubul ar
carbonacequs materi al, derivat,i can be pro XIE
descri b&@THRNAckARH MPISEY e§I°§3“%‘5?""‘?%0?8?‘%&3(}#&8g}’g&f%%ﬁ{(’)%ﬁg?ﬁ%?‘} | zes
plasma. In this method, a non-hal ogenated tubul ar carbonaceous material is
subj ect qiérivativeaasashowat ierFig.n14n cAggerelgaFignd6t hdHustratescthed tubular
further 28 plasma treatnent under a hydrogen gas in order to introduce the

ol ecul dBoBuescof gl Ribwiar RibOnateoltf Hiatdplar BEAVRRvE arhduaes Be
expl anation of a preferred manufacturing nethod of the carbonaceous

t ubul ar @8GsHfunckiondli groupbe present invention is not linmted. The
i nventi on has exam ned the proton conductivities of these tubul ar

car bonaceous gplyet iyl aHaHANESE Bkt AN derkiivd HeprodiRbabybropating dod 2

hi gh proton Tconductrv under a varying tenperature range that i ncludes

the ordinary tenperature region, that is, .a_tenperat ranqi fr | ess
t han t héhalogemdted twlnlar cadonageeus materisl and-subje J%)alqu]ir“ﬁﬁgﬁﬁﬁﬁaqﬂ?tegﬁl er
(at least -40C to 160C. The _ - _

to acid treatment by using sulfuric or nitric acid in order to introduce the -OSO;H

functional groups to the tubular carbonaceous material so as to form its derivative.
In addition, a hydrolysis technique may be used to introduce hydroxyl groups
instead of the -OSO3H functional groups. If hydrolysis is used, an acid
treatment may follow in order to substitute the hydroxyl groups for different
functional groups, such as, the -OSOsH functional groups. If a non-halogenated
tubular carbonaceous material is used as a base or raw material so as to form the
tubular carbonaceous material derivative, this material may be subjected to acid
treatment by using sulfuric or nitric acid as previously discussed. With regards to
the halogenated tubular carbonaceous material, fluorine is preferably used.
The tubular carbonaceous material derivative can be produced not only by
the above described wet method but also by the following dry method that utilizes
plasma. In this method, a n(;n-hélogenated tubular carbonaceous material is

subjected to plasma treatment in an oxygen gas and then subjected to further



present invention has further discovered that the proton conductivity is
hi gher for tubular carbonaceous naterial derivatives that include the
hydrogen sulfate as their groups in place of the hydroxyl groups. In
particul ar, the pol yhydroxyl ated SWCNT jaterial is a generic nanme of a

derivati uct I n_which.a pl I Lty . o] are
added t s fredttet Fidst Mvfdabolns ol Detd) 1Y RtreBu& e RRIBE, °i
illustrated in Fig. 14. O‘ course, with respect to the nunber, arrangenent
and t he diskaciafing hgroupshyypically, @ydrmsyl groupsvto ithe itnbslaarmobeowlési ef ethet o
be within the scope of the present invention. The present invention has

new y di r .egate of pol yhydroxyl ated tubul ar nol ecul es,
nanel y, ﬁl%moeﬁ %%%Pﬂggy material, as illustrated in Figs. 14 &
15, in whi ch t he hydroxyl groups of the tubul ar nol ecul es adjacent to each
ot her act on TFhe foregoing isomexelymin explamatiopoba prefepredananufachuiing methad i s,

a high transfer or mgration ability of H+ or hydrogen protons fromthe

phenol i c,

nol ecul esf%% %’%m%%c%ﬁ% éﬁ l(l;)@)%f ﬁ'{a‘f%ﬁ@W%fgr@ éﬁ %t‘%v%} erra mltFﬁe

obj ect of the ,ggresent i nvention may al so be achieved Y%i/ a proton conductor
mai nly conpostie omvgntiagghay axamined the proton candyetivities of fthpsm dubulas
tubul ar material having plural -OSG3H groups, such as an aggregate nmass of
SWCENT - hagirBenitedus! mafepidl Hedivatives dnd fdith e thest thatérils Cgﬁeoldwh flﬂgﬁ
ester SWCNT, in which GSOG3H groups are substltut ed for OS groups,

contain onl H groups,, as shown in F| Y. S Itan ousl
contai n P¥ la|<=°§)am=@ 1y gaidles & &WIBEJP@IW esmrgpgm tiinclydes Pét!dfl@.ry

temperature region, that is, a temperature ranging from less than the freezing point
of water to more than the boiling point of water (at least 40°C to 160°C. The
present invention has further discovered that the proton conductivity is higher for
tubular carbonaceous material derivatives that include the hydrogen sulfate as their
groups in place of the hydroxyl groups.

In particular, the polyhydroxylated SWCNT material is a generic name of a
derivative that has a structure in which a plurality of hydroxyl groups are added to
a number of tubular moleculee so as to form the SWCNT material as illustrated in
Fig. 14. Of course, with respect to the number, arrangement and the like of the .
hydroxyl groups, some variations are eonsidered to be within the scope of the
present invention. The present invention has newly discovered that an aggregate of
polyhydroxylated tubular molecules, namely, a polyhydroxylated SWCNT material,
as illustreted in Figs. 14 & 15, in which the hydroxyl groups of the tubular

molecules adjacent to each other act on each other to exhibit a high proton



The proton conductivity of the tubular carbonaceous material derivative
that includes an aggregate of the tubul ar nol ecul es having a nunber of
functional groups, like the proton conductivity of the other proton
conductor enbodi ments, is not limted,py the environnmental surroundings.

In this way, an additional,6 sgurce . of profons fro 1 gr.at | ned| uch
as, wat @pnﬁgctm@y,n s‘§a|ayh§g£‘ ansfer o migiption ?ﬁjgwﬁegi’ilr !Iglg é’fe?‘é@g@%‘“‘zf
the present invention. Simlar to the other enbodi nents, the reason why the

tubul ar éﬁ@fo%'f?&ﬁqm ghﬁbﬁbilﬁidr&q igt@ﬁ]%)s/t‘ha@ arfe eshiainéd inedchnofits tubmlar
proton conductivity effect is that 'a 1arge anmount of the functional groups

can be introduce 0 a,nunper of | ar, _.npl e es _of .the tubul ar
car bonaé’é%lfguﬁﬁt(&rtf‘%lpo xﬁi&mf%ﬁ S&XWMEV? %\ﬁ\tﬂ(!crfna e(}'H‘IESponds to the
conductivity per unit volunme of the conductor is very large in size. 30

I n addi tion, THee objétt! 6f thérpresancinentioheniay abker ibeanchieved bysa Iproton
conposed of carbon atons of each of the tubular nolecules and therefore is

cont am aAERaor BRgly Sofifostd LT aA c ABRIFERE o astaiofr f RVt of &y (o

a base material for producing the derivative thereof can be produced by
cat al yt icarbdrercenats twadanmatérialdmwing iphurab ) $O0sH groups) suchcassan aggregate
result, the tubular carbonaceous material is regarded as a material that

o SR of SV IOFICLOSIF Hof O ol TR, thoen

bresent siu?f\gfentesgr gr\]VEZrI]\(IaT,pirllO&r%?cl? I()SSS(());:IEI Eigtrimql%s are substitutéd for OSO;H groups,
may contain only OSOsH groups, as shown in Fig.16, or may simultaneously
contain plural hydroxy groups and plural OSO;H groups in one molecule.

The proton conductivity of the tubular carbonaceous material derivative that
includes an aggregate of the tubular molecules having a number of functional
groups, like the proton conductivity of the other proton conductor embodiments, is
not limited by the environmental surroundings. In this way, an additional source
of protons from migrating mediums, such as, water is not necessary in order to
realize the desirable effects of the present invention.

Similar to the other embodiments, the reason why the tubular carbonaceous
material derivative can exhibit such a desirable proton conductivity effect is that a
large amount of the functional groups can be introduced to a number of the tubular
molecules of the tubular carbonaceous material so that the proton density which

corresponds to the conductivity per unit volume of the conductor is very large in

size.



groups, the proton dissociating groups are not |limted to the hydroxyl or
-OSBH functional groups as long as they present preferable proton
conductivity. To be nore specific, the proton dissociating groups can be
expressed by a chemcal formula of -XH where X is an arbitrary atom or

atom ¢ group having a bival ent bond d further the group can bhe .
expressed byl chadilition,f or the a oubulany qarbon@qouﬁer@a%ﬂﬂi a‘fFré‘@BNq' aty
atomor atom c group having a bivalent bond. In particular, the proton

dicéi‘]?l?i %&ﬁﬁ %@%&@W@fﬁﬁﬁ@oﬁé diF8Btheqibubr thoR culeshirntheré®BEBis  and

- uncti onal groups. Also, the proton

di ssociating groups to be introduced into these derivat.ives are ar.tr ed in
asiml dightgnmwg@ angd dees apbAecRIAPPSH a8 rE&‘ﬁiﬁb|“@§.°°R§"dBr4}}Yn§°’P‘6“{‘ %ﬁg-

enbodi ment, electron attractive groups, such as, nitro groups, carbonyl

groups  idr&ik Orﬁe L AHP Sarbiifabbos Sidenisl thalt ik lused! fodea basel peateriaB for
u

hal ogen ‘atoms (fluorine or chlorine atonms) may be preferably introduced
together wiith the_proton djssogiatinhg groups, tq carben a f

t ubul ar Preﬂu%Sac@GusémY%Weal &Wpei&rpﬁg Rfﬁau-c?xﬁi)z?’y- Cﬁtﬁ&g@f—‘l% ‘Iﬂ%ﬁ“ébm
-CHO, -COR, -CF3, or -S@BCF3 (Ris an alkyl group) electron attractive

groups GRoRfpositiél O8PCRYdiceafiGENT ataa Ve @ustt heAsr at aesultssthei subulgr
groups such as OH groups. Wth the presence of the electron attractive

el ohscdarboAcEREs goatesHl ds eaatded Ay  praiBR Wy B SRRENP I eRR bE °°

the proton dissociating groups by the electron attractive effect of the
el ect r oneséiircag ehvirognmenpandvécsnomype (Cattort Moln36pdNo.ol1,pppt $R03-1612,
di ssoci ati ng groups of the tubul ar

1998).

According to the study of the present inventor on the proton dissociating
groups, the proton dissociating groups are not limited to the hydroxyl or -OSO;H
functional groups as long as they present preferable proton conductivity.

To be more specific, the proton dissociating groups can be expressed by a
chemical formula of -XH where X is an arbitrary atom or atomic group having a
bivalent bond, and further the group can be expressed by a chemical formula of
-OH or -YOH where Y is an arbitrary atom or atomic group having a bivalent bond.

In particular, the proton dissociating groups are preferably at least one of the

.-OH and -OSOs;H, and -COOH, -SOsH and -OPO(OH) ; functional groups.

Also, the proton dissociating groups to be introduced into these derivatives

are arranged in a similar manner as in the aforementioned examples.

According to this embodiment, electron attractive groups, such as, nitro

groups, carbonyl groups and carboxyl groups, nitrile groups, alkyl halide groups or



carbonaceous material derivative, the nunber is limted to the extent that
it is less than the nunber of carbon atons of the tubular carbonaceous
material derivative. In addition, the nunber of functional groups nay be
limted to the extent that is necessar3¥ to cancel the electronic
conducti,vity. For exanple, this n er°ts preferahly ong or. nmgre per fen
car bon 1 oRtomss\(EROTiRG oPF apﬁﬂﬁm Hems m%&et Froterablye pireduced
enbodi ment is mainly conposed of the above-nentioned carbonaceous tubular
mat er i altogéttierawithOthiedipRofin) WissoliHtib g?bﬁps,wtb Cdarbé® dt6insObE ! theC tibiftat 0 oOr
rai se the proton conductivity. Mdst preterred anong these other
ingredients is the fu]lecene, derivatjve_ havj i odyced,t N

af or ener??ﬂ?ﬁf&?eﬁpﬁ)tlﬁﬁleﬂl soc Okt ?’F?dnﬂi%dm "M\%ngmegﬁer éaﬁékhe'dﬁ&
car bonaceous tubular materials, there are a marked |ength of the axial

di recti cCOR, tOF3} 6PeSOIOF;i (B isvanaalkly F%bﬁp)‘ _itdtion atthictivé’groaps anaal beent
of respective structures, as discussed above. Due to these advantages, a

t A il bg f d, ,wh | yi t h
ol corr o nBPER] TacSPCRT, el s s BrESR-HASFROBE i Syt s OB
nol ecul es are aggregated together. However, since the reaction of

i nt r odug@rogpsr oWith the smresende ofj the elpetromrattractive groeps déadaddition toatie of
full erene, and higher conductivity can then be produced, it is felt to be

par i cutip el olpE, 1 IEREsY 1 piSR (b it (R, e BRAS dioRring

conposed of two different materials, a carbonaceous tubular material, into
whi ch pigseups and hectransfegregr betpesentthe cpriotem dissociating=groupsdcby the elentron

derivatives, into which proton dissociating
attractive effect of the electron attractive groups.

With respect to the number of proton dissociating groups of the tubular
carbonaceous material derivative, the number is limited to the extent that it is less
than the number of carbon atoms of the tubular carbonaceous material derivative.

In addition, the number of functional groups may be limited to the extent that is
'necessary to cancel the electronic conductivity. For example, this number is
preferably one or more per ten carbon atoms for a SWCNT material.

The proton conductor of the present embodiment is mainly composed of the
above-mentioned carbonaceous tubular material and may contain other ingredients
which are not obstructive to or raise the proton conductivity. Most preferred
among these other ingredients is the fullerene derivative having introduced therein
the aforementioned proton dissociating groups.

Among the merits of the carbonaceous tubular materials, there are a marked

length of the axial direction of the tube than its axial length and intricate



groups have been introduced, are used in conbination, a further excellent
function can be achieved. According to the present invention, tubular
carbonaceous material derivatives may be desirably formed 'as a filmto be

used for an el ectrochem cal device su% as a fuel cell. These materials
can be forned as a filmby a known ext i on | di,n t echRi.que, an re
pr ef er asnianglemeshef E@WSCQ{%S{WBWF% aéar‘ﬁ%‘ﬂ‘éé u br?g'teeri alhﬁugerﬁ%a?]ll %/% in a

liquid and filtering the dispersion. A solvent such as water is generally

used as aﬂbﬁnﬂa'gggrg’ Ft\}'g'?gel‘éﬁid nidie stableifilms cawbeformied, ndenyapplyingto the

I nsofar as th can be dispersed in the liquid. By filtering the

di spersion, the tubyl ar ,carona mat ey i al .derivative.:l | in a
filmsh C mqulh Hce,T ﬁfﬁﬂifd@ge rfiﬁ“"é&Yteﬁi 3 M&&aﬁdgﬁfé&n@é%%"e i s
conposed of only the tubul ar carbonaceous material derivative wherein the

tubul ar JEBk@sik@s tégéthent anbbeddver, ainee i tint extattiom ofudhtredécing pretom
very high sttength and can be easily peeled fromthe filter. In this case,

if the fylletene derivative is dispersed i i.pal.i ] t - ar
car bonadOSCI1AHE (STQNPY TR, AGYE gnﬁr? h@gflilguﬁg ”&Isp %’fs %&%&%ﬁ’ esﬁ) %l SIE+ y
forma conposite filmwhich is conposed of a conbination of these

mat er i alcondctivitgaainntheddses prostucedpitais feltrtp be mure. desirebls ta use Sanse L of
this enbodinment 1s preferably used for a fuel cell. As in the previous

oo Tl BBl h b semigaon [ P28 T
If, in order to produce a compound material composed of two different
materials, a carbonaceous tubular material, into which proton dissociating groups
have been introduced, and fullerene derivatives, into which proton dissociating
groups have been introduced, are used in combination, a further excellent function
can be achieved.

According to the present invention, tubular carbonaceous material
derivatives may be desirably formed as a film to be used for an electrochemical
device such as a fuel cell.

These materials can be formed as a film by a known extrusion molding
technique and more preferably by dispersing the tubular carbonaceous material
derivative in a liquid and filtering the dispersion. A solvent such as water is
generally used as the liquid. However, the liquid is not particularly limited
insofar as the derivative can be dispersed in the liquid.

By filtering the dispersion, the tubular carbonaceous material derivative is

deposited in a film shape on the filter. The film does not contain any binder and



enbodi nents. <Synthesis of Pol yhydroxyl ated Ful |l erene of Exanple 1> The
synt hesi s of pol yhydroxylated fullerene was perforned with reference to L.
Y. Chaing, L. Y. Wang, J. W Swircczewski, S. Soled and S. Caneron, J. Og.
Chem 59, 3960 (1994). First, 2g of a pgwder of a m xture of C60 and C70
cont ai ni ng about 15% of C 0 was put_in %o of fum ng sul ;ajri c acid,, and

was stiis egomposedr cof daply wihe e tubulag nageQns t rpgtetial; o deRYALvE
60C. The reactant was put little by little in diethyl ether anhydride

cool ed i wm?eip%ebﬁfﬂﬁaaxaﬂfbleéms Cﬁ?@%ﬂtin%lﬁée riﬁ;ﬁdgh?neﬂbﬂdfd@m-cﬁéﬂ aufibh

separation, cleansed twce by diethyl € Wi ce by a m xture of

di ethyl ether and,acetonitrile at, a mxing.ratio -1, and dried under
a reducegaﬁ)?é’%&ﬂ!&hﬁﬁg@l W%%gﬁﬁlfﬁﬂgﬂeaff%@e gﬂﬁ“" dried was put into
60 m of ion exchange water, and stirred for 10 hours at 85" C 34 while

bei ng subj ect gl thid dAsBPifi the fullefchendérieadve isTdispesedtinntombination withethe t o
centrifugal separation, to separate a deposit, and the deposit was cl eaned

~ several ipes by pure water,. eat ed| ubj.ected 1o ceqtrifugal
separ at | BibuTaneaToRac omRqusterial BGate Sn BCliRIERH HrossiG 0 A form & hus
obt ai ned was subjected to FT-1R neasurenent. As a result, the IR spectrum

of the brompositediim which js campbsedrefia conbination oOfifese@htetialhohich againe
above docunent, and therefore, it was confirned that the powder was the

Featt ondpé B fesdin 8B ol & “Concerning oo as 1ol lows:  +H2O-

The proton conductor of this embodiment is preferably used for a fuel cell.
As in the previous embodimént, the structure of the fuel cell is as shown in Fig.9.

The present invention will be hereinafter described in detail based on the
embodiments.

<Synthesis of Polyhydroxylated Fullerene of Example 1>

The synthesis of polyhydroxylated fullerene was performed with reference
to L. Y. Chaing, L. Y. Wang, J. W. Swircczewski, S. Soled and S. Cameron, J. Org.
Chem. 59, 3960 (1994). First, 2g of a powder of a mixture of Ce and Cp
containing about 15% of C,, was put in 30 ml of fuming sulfuric acid, and was
stirred for three days while being kept in a nitrogen atmosphere at 60°C. The
reactant was put little by little in diethyl ether anhydride cooled in an ice bath, and
the deposit was fractionated by centrifugal separation, cleansed twice by diethyl
ether and twice by a mixture of diethyl ether and acetonitrile at a mixing ratio of 2 :

1, and dried under a reduced pressure at 40°C. The deposit thus cleaned and

dried was put into 60 ml of ion exchange water, and stirred for 10 hours at 85°C



C60 + H2SO 4 -> C60 (0OS020) X -> C60 (OH) vy (SA3) (x=5t06) (y=10 to 12)
<Production of Pellet of Aggregate of Pol yhydroxyl ated Ful |l erene of

Exanple 1 > Next, 90 ng of the powder of the pol yhydroxyl ated full erene was
pressed in one direction at a pressure of about 5 tons/cnR into a circular
pell et having a diameter of 15 nm SiAte the conpactivity of the powder of
pol yhydrhij¢ being stbjectedetocbubbling using: mitragehoudrhet reagtandd avasc subjeictesi no
bi nder resin, the powder of the polyhydroxylated fullerene could be easily
formed i : ' [.ckn f . et
(o' 1 akerd senfifigal Sipattbiitoerbbiee L iR, AOTC dBldst WafcloMicl Vit

Hydr ogensul f at e- Esteri fi cated Posll%f_ul | erene Hydride (all esterification)

of Exanmtimeby pure watex yepéatedly subjected to contnifugalk sepasation,|andcdriedunder
performed with reference to the above-descri bed docunent. First. 1g of a
powder qf I X egh T ULl Ui : f Lhrgl s wduric
aci d, a(r%ldr‘\é/u\;z;lsoQ as%‘}lér%rg% do?ht fetLaA J%S&Wdﬁeﬁ% ﬁ@%%ﬂgldng‘gasmk@]ggtgﬁ td

at nosphere _at ordinary tenperature. The reactant was put little by little
i n di et IKT-IBt measutementi dé\s aaesulédthenIRrspectrubniof, the rhrowne posydesi neaghys
fractionated by centrifugal separation, cleansed three-tinmes by diethyl
ether a ntéd bE qgﬂ [ e | kL j Xi ng
ration O’Efﬂng: 1, g%(}ﬂ?jgibg%n er)lgsfﬁEe) uclgd{%fggﬁgogﬁﬁfgg il,iéfl Egevﬁg?&f Eius

obt ai ned was sybjected to FT-1R neasurenent. As a regulf, the
was contirthed that the powder was the polyhydroxylateg %uherene as the target

material. The above-described reaction is represented, for example, concerning Ceo

as follows:
+H20
Ce + H,SO 4 —> Cq (08020)x -> Ce (OH) y
(SO3) (x=5t06) (y=10t012)

<Production of Pellet of Aggregate of Polyhydroxylated Fullerene of
Example 1 >

Next, 90 mg of the powder of the polyhydroxylated fullerene was pressed in
one direction at a pressure of about 5 tons/cm” into a circular pellet having a
diameter of 15 mm. Since the compactivity of the powder of polyhydroxylated
fullerene was excellent although the powder contained no binder resin, the powder

of the polyhydroxylated fullerene could be easily formed into a pellet having a
thickness of about 300 ftm. Such a pellet is taken as a pellet in Inventive
Example 1.

<Synthesis of Hydrbgensulfate-Esterificated Polyfullerene Hydride (all

esterification) of Example 2>



| R spectrum of the powder nearly conforned to that of a hydrogen sulfated
fullerene in which the hydroxyl groups were entirely replaced with hydrogen
sul fated groups, i.e. -0OSGBH groups, shown in the docunent, and therefore,
it confirmed that the powder was the hydrogen sulfated fullerene as the
target material. The above-descri bed F’éaction I's represented, for exanple,
concer ni ng odche (synthesis fofi |nwBydregea swifated Jullgrens: was: pedosmedswitho) y
- C60 (OSs@BH)y <Production of Pellet of Aggregate of '

Hydr ogenggdréfide-toS tRE | Ab6wd-des d’fdﬁéfu‘z{xf‘lg?e"'!*‘ilfsit.dqgfo% powder oexd . 70

ng of the powder of hydrogen sulfated ne was essed in one
direction_at pressure of about 5 tqons/cnR into a circular pellet _having a
36 di amoluhydroxyatadh fubierene vras pubpn A0 ynt of Juming selle asid;,pad owas

sul fated full erene was excell ent although the powder contai ned no binder

resin, ftstigredP9oe ehrerf daysiroHEAB Béih%?kﬁﬂtﬁ?' % Sl(ﬁ)i@ﬂg)%eﬁoﬂﬁﬂo peg?faéﬂt vrdinhrged

into a pellet having a “thickness Such I s tadken

o i onetbeet b s B i ARVl AT e ncrie,

esterification)> First, 2g of powder of a m xture of C60 and C70 contai ni ng
about 1ls¥oldd i3 ice<bath) and tBE deposit Wasrfragtionhtedrby centrifugahdep@ation] rr ed

for three days while
cleansed three-times by diethyl ether and twice by a mixture of diethyl ether and
acetonitrile at a mixing ration of 2 : 1, and dried under a reduced pressure at 40°C.
A powder thus obtained was subjected to FT-IR measurement. As a result, the

IR spectrum of the powder nearly conformed to that of a hydrogen sulfated
fullerene in which the hydroxyl groups were entirely replaced with hydrogen
sulfated groups, i.e. -OSO;H groups, shown in the document, and therefore, it
confirmed that the powder was the hydrogen sulfated fullerene as the target
material. |

The above-described reaction is represented, for example, concerning Cgo
(OH), as follows (here and hereinafter):

+H,SO,
Ce (OH)y —> Cg (OSO3H),

<Production of Pellet of Aggregate of Hydrogensulfate-Esterificated

Polyfullerene Hydride of Example 2>

Next, 70 mg of the powder of hydrogen sulfated fullerene was pressed in

one direction at a pressure of about 5 tons/cm® into a circular pellet having a



being kept in a nitrogen atnosphere at 60C. The reactant was put little by
little in diethyl ether cooled in an ice bath. It should be noted that

di et hyl ether not subjected to dehydration is used. The deposit thus
obtai ned was fractionated by centri fuggl separation, cl eaned three tines
by di et et her twi ce by g, m xt of di et, etonltrlle
at a mi Qﬁ(%e Qfao 5. mm.ang YHICEd deqonapma‘ay of ﬁ}aﬁB‘%‘é’ Péo ygé‘lg T
powder t hus obt ai ned was subjected to FT-IR neasurenent. As a result, the

| R specisilfited fulleeciRO WAS lex@EHER D al I, Ggh' fepdwdéhedntained rid/bimiesnesin, the
derivative cont ai ning both of the hydroxyl® and -OSG3H groups shown in the

Dol yny G PGYHET aEJHEREHS sultpiaJalIPTIA Y becosHy TORGRnIR GRS} Baving o

above-descri bed reactions are represent ed, for exanple, concerning C60 as
fol | ows thieRhEssA o At 300 ¢ gm; Cqé’llé’t & aker s R Pl et Olnventiveé 0
(OSBH)Zz (OHy (S03) (x=5- 6) (y+z =10-12) 37 <Producti'on Pellet of
Aggregat e of Hydrogensul fate-Esterificated Polyfullerene Hydride of

Exanpl e Examplgt2. 80 ng of the powder of a pol yhydroxyl hydrogen sul f ated
fullerene was pressed in one direction at a pressure of about 5 tons/cn®

into a circul li&i‘l’i /ity
of the powder <§(},flﬁ ﬁ%%fbﬁ oilgf }E}{/(gbgggénlﬂgal}?f%%ggﬂ?hleﬁer eﬁie:dlmkggﬁgx e dent
al though the p copt ai ned no binder resin, the powder of the

pol yhyd?%lalﬁ?ﬂ °§El?fat ed fullerene could be easil y forned into a

pell et having a thickness of about 300 ,u m
First, 2g of powder of a mixture of Cs and Cy, containing about 15% of

Cy was put in 30 ml of fuming sulfuric acid, and was stirred for three days while
being kept in a nitrogen atmosphere at 60°C. The reactant was put little by little
in diethyl ether cooled in an ice bath. It should be noted that diethyl ether not
subjected to dehydration is used. The deposit thus obtained was fractionated by
centrifugal separation, cleaned three times by diethyl ether and twice by a mixture
of diethyl ether and acetonitrile at a mixing ratio of 2:1, and dried under a reduced
pressure at 40°C. A powder thus obtained was subjected to FT-IR measurement.
As a result, the IR spectrum of the powder nearly conformed to that of a fullerene
derivative containing both of the hydroxyl and OSO;H groups shown in the
document, and therefore, it was confirmed that the powder was the polyhydroxyl
hydrogen sulfated fullerene as the target mateﬁal. The above-described reactions
are represented, for example, concerning Ce as follows (here and hereinafter):

+H,0
Ceo + H;S0; = Cg (0S0,0);, —> Ce (OSO3H), (OH),
(SO3) (x=5~6) (y+z =10~12)



Such a pellet is taken as a pellet in Inventive Exanple 3. <Production of
Pel | et of Aggregate of Fullerene of Conparative Exanple 1> For conparison,
90 ngy of a powder of the fullerene nolecules used as a the raw nateri al

for synthesis in the above exanpl es wass.presse‘d in one direction at a

ressure of abqut .5 ton Iht.o a circular pellet .havin ' tgr of 16
ﬁm gi nce t hé(i}éeprﬂ%?l? 34 éii}%oépﬁggrﬁgé&?elrjofgf !to he ﬁgﬁo&\é@ﬁ@lfﬁlg?%%ﬁ@cmg
relatively excellent although the powder contained no binder resin, the

powder oPoﬂyﬁlﬂefmﬁéHwiaﬂerﬁﬂmPBessul d be relatively easily formed into a
pell et having a thickness of about 300pm Such a pellet is taken, as a

el 1 ets of 1 bt 80 mep il Bovidst 1ok poTily syl HyuRSaat BitEb o bbNERs, .
a proton conductivity of each of the pellets. of Inventive 38 Exanple 1-3

and Conpawast presséimphe directionfat i plessuxt aftabope!5! tens/om zinte laccirdid awerellet
~alum num pl ates each having the sane dianeter as that of the pellet, that
is, 15 d AC ese ( It udes. Q, 1 cl ' r 7
Vit o Sunii A piEtesRr Bk inde e, AmpdRHECOf Iné WBBYReL
at each frequency. The neasurenent was performed under a dry atnosphere.
Wth respotyhydroxyk hydrogennsulfiatndefuliersne ewest excellendt althaugiddbei mpwder
portion 1 of a proton conductor conposed of the above pellet electrically
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fullerene could be easily formed into a pellet having a thickness of about 300 Lt m.

Such a pellet is taken as a pellet in Inventive Example 3.

<Production of Pellet of Aggregate of Fullerene of Comparative Example
1>

For comparison, 90 mg of a powder of the fullerene molecules used as a the
raw material for synthesis in the above examples was pressed in one direction at a
pressure of about 5 tons/cm? into a circular pellet having a diameter of 16 mm.
Since the compactivity of the powder of the fullerene molecules was relatively
excellent although the powder contained no binder resin, the powder of the
fullerene molecules could be relatively easily formed into a pellet having a
thickness of about 300+m. Such a pellet is taken as a pellet in Comparative
Example 1.

Measurement of Proton Conductivities of Pellets of Inventive Examples 1 to 3 and

Comparative Example 1

To measure a proton conductivity of each of the pellets of Inventive



are formed between first and second el ectrodes 2 and 3 with the proton
conducting portion 1 expressed by a parallel circuit of a resistance 4 and
a capacitance 5 held therebetween. In addition, the capacitance 5

desi gnates a delay effect (phase delay, at a high frequency) upon m gration
of protaons, and the resistange des'gag:t S,a rangter of,ditficu of
mi gr at i &xagplgrbdand %vmpmagaﬁ‘é@m edan %thzsf@seggr‘&sﬁ%"%y%{geﬁéa i on
Z=Re (2 +i 1Im (2. The frequency dependency on the proton conducting

POr ti On LRKPEGS §Hﬁni}ihmwgﬂte§bﬁtﬁ IRGiny Mesimeidiametervasthak afithe pellet; that
addition, Fig. 17B sho an equivalent circuit of a proton conductor

(Conmpar ative Exa descri bed oye N he tvpicC

mol ecul 4% 1 IHogﬁé aﬂ}lé’ﬂ?@%{? ﬂF‘BﬁB{‘i/epgi})l% éﬁ%ﬁé&%@%ﬁﬁmﬁ%g
the inpedances of the pellets of Inventive Exanple 1 and Conparative
Exanpl e td.0.8¢f H' areJappliéd do the, pélivt, €@ measire v chnplek dntpedainee fatecardncy
39 characteristics of the conplex inpedance is nearly the sane as the

behavi or, of a singl,e capacitor, and the c d particles
(el ectr &&q“e%nsqﬁmﬂﬁﬁféﬂPWé‘}“@PR% 2 éﬁﬂﬁ%@@ﬁ’ @%%é#uﬂe?%r ene nol ecul es
IS not observed at all; while, for Inventive exanple 1, the inpedance in a
hi gh frequendyithegéspecti¢pi thesabovef impedamct measussmentyro protonngprducting

sem -circular arc, which shows the conductance of sonme charged particles
in the pell.et, 2 he L nagi N85 i | SBIRY 2BFRtricall

rapi dl y%roﬁlgédli %qagl §\1;\¢tg§e8§§{l%§/t8?egl oRBQév%ié:m t@%o&‘rgﬁﬁeﬁ%ccur rence yof

bl ocki ng of charged particles between the al um num el ectrode and fhe %QI | et
as constitutes an equivalent circuit shown in Fig. 17A, in which capacitances 6 and

are formed between first and second electrodes 2 and 3 with the proton conducting
portion 1 expressed by a parallel circuit of a resistance 4 and a capacitance 5 held
therebetween. In addition, the capacitance 5 designates a delay effect (phase
delay at a high frequency) upon migration of protons, and the resistance 4
designates a parameter of difficulty of migration of protons.

The measured impedance Z is expressed by an equation Z = Re (Z) + i * Im
(Z). The frequency dependency on the proton conducting portion expressed by
the above equivalent circuit was examined. |

In addition, Fig. 17B shows an equivalent circuit of a proton conductor
(Comparative Example 1 described above) using the typical fullerene molecules
without functional groups.

Fig. 18 shows results of measuring the impedances of the pellets of
Inventive Example 1 and Comparative Example 1.

Referring to Fig. 18, for Comparative Example 1, the frequency



"is simlar to that in |Invent

gradual ly nearing the DC voltage. Wth respect to the bl ocking of the
charged particles between the alum num el ectrode and the pellet in

I nventive Exanple 1, the charged particles on the al um num el ectrode side
are electrons, and accordingly, it is apparent that the charged particles
in the pellets are' not electrons or hol€s but ions, nore gpecifically,
protons chawetsisdissat i 6f ofthene somplgtr dmpsdange (1fecnearly | hice SaMGeAS VI ve.
The conductivity of the above-described charged particles can be cal cul at ed

on the bgghsviek ofa éiﬂgﬁ]gfﬁgtglit%h AP EsnthiiarteCofehdrBed pagticles geleenois,si de

with the X-axis. For l et of Inventive Exanple™1, "the conductivity
of the charged, particles becones about 5. 10-6 S/c The pel.lets of .
| nvent i vionsanghesli ehﬂgth@WPga@Lﬂﬁ 'g'étfé'uef"dletlﬁgl%‘réﬁis !&%&R‘é‘ﬁéﬁfﬁé)ﬁ%ﬂl’
descri bed above. As a result, the whole shape in each of the frequency

char act ewwé,CfoPin&érﬂwdwﬁPl\??,i the‘iﬁﬁi%d?f)cé ffa High@fécju\eﬁcﬁagidneéqﬂcamii 3

Exanple however, as shown in Table

t he condyct vi of charged particles in each of _Lnventive 40 X | es. 2

bna 5. oblebened buh veRcampot Sele, Semmeuituliitatey whidh Shiws fhelpan iiiaTes oF

with the X-axis, is different than in Inventive Exanple 1. Table 1

Conduct i sbﬁiee&hmflgeﬂepbﬁic}es)ﬁn Rhetpellefpaddcther imaginany enimber postiph axf the 2
|

and 3 (at 25 C nd of Pellets nductivity (S/cnm) Inventive Exanple 1
SX1076 | Iill\lll%réhial\l/ge F %%P&ﬁ faistd 11 a 10W ?{'etcfu\égcyE)f@giBh,ev&iéﬁqsbe@s the occurrence
lof blocking of charged particles between the aluminum electrode and the pellet as
gradually nearing the DC voltage. With -respect to the blocking of the charged
particles between the aluminum electrode and the pellet in Inventive Example. 1,
the charged particles on the aluminum electrode side are electrons, and accordingly,
it is apparent that the charged particles in the pellets are not electrons or holes but
ions, more specifically, protons in consideration of the configuration of the
fullerene derivative.
The conductivity of the above-described charged particles can be calculated

on the basis of an intercept of the circular-arc on the high frequency side with the

X-axis. For the pellet of Inventive Example 1, the conductivity of the charged
particles becomes about 5. 10° S/cm. The pellets of Inventive Examples 2 and
3 were subjected to the same measurement as described above. As a result, the
whole shape in each of the frequency characteristic of the impedance in each of the
Inventive Examples 2 and 3 is similar to that in Inventive Example 1; however,.as

shown in Table 1, the conductivity of charged particles in each of Inventive



shown in Table 1, the conductivity of the pellet of the fullerene
derivative containing the -OSGBH groups cause ionization of hydrogen easier
than the hydroxyl groups. The results of Table 1 also show that the
aggregate of the fullerene derivative nt ai ni ng the hydroxyl groups and
OSGBH groups can_exhjpit, .in a d at ere,., a goo rotop conductivity
at ordi n&K %grﬁﬂjgse?b'ﬂlé"é}], OFﬂﬁgé’éﬁ’ﬁl 4%5@85??&58 ‘%fgﬂlﬂ,g“ r41& PO ced
in Inventive Exanple 1 was neasured in a tenperature range from 160C to
-40C, andyitth eheXnakig! isvditferestithhi én Pavémive/Bgamplel] at ed on the basis of a
circular-arc portion on the high frequency side of the conplex inpedance
curve of the pellet neasured at each tenperature to exam ne the

t enper at ure dependency on the conductivity. As the results shown in Fig.
19 (the Arrhenius plot), it is apparent that the conductivity changed in a
st rai ght Trable 1aCohduetivitiesof iPellets 6fPratepaCondurtarscindnyentive (Bxamplesul, 41
within the nmeasured tenperature range of 160C to -40C. In other words,

data of Fi ﬁ &%é@ms that a single ion conduction nmechani smcan occur at

| east wil i3ha( nperature range of 160C to -40C. The proton conduct or
essentially conprising the fullerene derivative according to the presen
i nvent i opKindhfPllte, can exhibit a goct)@ndnafvity)(syum)i vity in a wde
tenperat ire range from -40C to 120C thgt includes ordinary tenperatures.
Form ng p—Filmtncluding Ra dr g atddFullero -6 ad
Gener at i hinwmise Esampletper i ment  Usi ng m 0.5 g of the powder of |the
pol yhydr pxyl ated full erene of Exanple 1}lanobng Exanples 1 to 3 was ni xeg
N L9 Pl BRI 3T ¢ T TORIG T T
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Inventive Example 3 2X107

As shown in Table 1, the conductivity of the pellet of the fullerene
derivative containing the -OSO;H groups cause ionization of hydrogen easier than
the hydroxyl groups. The results of Table 1 also show that the aggregate of the
fullerene derivative containing the hydroxyl groups and OSO;H groups can exhibit,
in a dry atmosphere, a good proton conductivity at ordinary temperature.

Next, the complex impedance of the pellet produced in Inventive Example 1
was measured in a temperature range from 160°C to —40°C, and the conductivity
of the pellet was calculated on the basis of a circular-arc portion on the high
frequency side of the complex impedance curve of the pellet measured at each
temperature to examine the temperature dependency on the conductivity. As the
results shown in Fig. 19 (the Arrhenius plot), it is apparent that the conductivity

changed in a straight-line or linear fashion with respect to a change in temperature



was ultrasonic-vibrated for 10 mnutes, resulting in the conplete

di ssolution of the polyhydroxylated fullerene in THF. After fabricating a
carbon el ectrode, a film of the pol yhydroxylated fullerene was forned by
the steps of: maskl ng the surface of tihe el ectrode by a plastic nmask

UGN B g P g R RN oBEAGES Taryhieti nin pibh words, | °
tenperature in order to vaporize THF, and renoving the mask. The sane

amount ofate!iCFigRd® ghowsithera @, ionf édnductiofoiechanisat chacechnat deast a

catal yst, was Ia| d on the film e upper el ectrode was pressed by about 5
tons/cmZt tea osite. Thjs.& osi te, mas ifncorpqrated in a fuel
cel | gﬁ gpger ur r&@ﬂ@rﬁg i iéo eq?rerg‘? r%ﬁt&exﬁ?iﬂgﬁfmmﬁgn@é?tpﬁrned
by supplylng hydrogen gas to one electrode and air to another electrode in

the fuelessentidlly €dmphrisi Fﬁhe fullerdne! dérdeative ascarding to thé-pgesead inviditiompen
circuit voltage was ‘about 1.2V, and the characteristic of the closed

t t t.th f t I
cel | <SPRIRITS. SARIPIIBN mfoo PRUPY PURLRIV LY df sctide Fimdiiatic rabed fom 2.
First, 70 ng of the powder of the fullerene derivative obtained by the

above- dest) 1@ ¢ol 120AChthat incladesordinaryitem togesof a powder of
pol yvi nyl i dene fl uori de, foIIovved by addition of 0.5 m of
di et hyl s oy _ gslal t!h ;Ev r I hLe t he
sol vent . IE e~ 5 A —C 5 M%Mf 15
mm and the sol vent was evaporat ed under a reduced pressure. The m xture

f r om whi @enetatingdflectricitywExper Usin Filam

0.5 g of the powder of the poiyhydroxylated fullerene of Example 1 among
Examples 1 to 3 was mixed with 1g of tetrahydrofurane (THF), and the mixture
was ultrasonic-vibrated for 10 minutes, resulting in the complete dissolution of the
polyhydroxylated fullerene in THF. After fabricating a carbon electrode, a film
of the polyhydroxylated fullerene was formed by the steps of: masking the surface
of the electrode by a plastic mask having a rectangular opening, dripping tﬁe
above-described solution in the opening, spreading the solution in the opening,
drying in a room temperature in order to vaporize THF, and removing the mask.
The same amount of electrode described above, with i_ts downward surface having
a catalyst, was laid on the film. The upper electrode was pressed by about 5
tons/cm®to complete a composite. This composite was incorporated in a fuel cell
as shown in Fig. 9. A generating electricity experiment was performed by
supplying hydrogen gas to one electrode and air to anether electrode in the fuel |

cell.



pressed into a pellet having a dianeter of 15 mm and a di aneter of about
300 ,um Such a pellet is taken as a pellet 4A of Inventive Exanple 4.
<Production of Pellet of Polyhydroxylated Full erene 4B of Exanple 4>
Simlarly, 70 ng of the powder of the fullerene derivative was m xed wth a

di spersi on contai ni ng 60% of fine ov%der of | yhetraf L uot.oet.
(PTFE) in sddg @qmmg?tai Fn%ﬁt“?'t Feshonedn Big: P‘Q@E aﬂgeﬁ é&?@gl{;&(ﬂ@%as i's
of the total anount, and kneaded. The m xture thus kneaded was nol ded into

a pel | e{ydRayboygt 122V anEt ffe ehafsteristivn of athehtlused scirafit amdtage3o@sualso Such
a pellet 1s taken as"a pellet 4B of Inventive Exanple 4. <Synthesis of

Hydr ogensul fate-Esterj ficated Pol yf ul,l et ene dride (all estrification) of
Exanpl eesselgwé a&?ﬁﬁﬁé@? g“antavﬂ%*Bbh’r? é’ﬁr?ﬁﬁZd ful |l erene was perforned
with reference 43 to the above-described docunent. First, 1 g of the
powder of a RPrydicicksf Relet of PolyhydrexylatediBullérenéd Avbf Exampledy sul furic

acid, and was stirred for three days while kept in a nitrogen atnosphere

at ordinary epat ure. .The react an i . | i Rydigd hyl

et her anhydr :Fed’g‘s?’cggl ne iq ﬂ'ﬁ ng"%’gt(&lf, ‘fﬁiJuﬂ%%eﬂ&e%l%éi@?HVaa%ﬁtﬂlggt Pgngféed by
centrifugal separation, cleaned three tinmes by diethyl ether and iWI ce by
a m xt uabové-désetibed syntiesisawadsanixeshivith 10 mg of aipdwiderr of pelyrinylidene ang
dried under a reduced pressure at 40C. A powder thus obtai ned was subj ected

cont or mithPes HRfISRES, b pREiER0F 0.4 BT, bEARRAYINTR mide Lt e Bl X

were all hydrogen sulfate groups shown in the docungnt, and therefqre, it
was conp’oméls thus mixed were stirred in the solvent. The mixture was poured 1n a

circular mold having a diameter of 15 mm, and the solvent was evaporated under a
reduced pressure. The mixture from which the solvent was evaporated was then
pressed into a pellet having a diameter of 15 mm and a diameter of about 300 4 m.
Such a pellét is taken as a pellet 4A of Inventive Example 4.

<Production of Pellet of Polyhydroxylated Fullerene 4B of Example 4>

Similarly, 70 mg of the powder of the fullerene derivative.was mixed with a
dispersion containing 60% of a fine powder of polytetraﬂuorqethylene (PTFE) in
such a manner that the content of PTFE became 1 wi% on the basis of the total
amount, and kneaded. The mixture thus kneaded was molded into a pellet having

a diameter of 15 mm and a thickness of about 3004m. Such a pellet is taken as a

pellet 4B of Inventive Example 4.
<Synthesis of Hydrogensulfate-Esterificated Polyfullerene Hydride (all
estrification) of Example 5>

The synthesis of a hydrogen sulfated fullerene was performed with reference



that the powder was the hydrogen sulfated fullerene as the target material.
<Production of Pellet SA of Hydrogensul fate-Esterificated Pol yfullerene
Hydride (all estrification) of Exanple 5> First, 70 ng of the powder of the
hydrogen sul fated full erene derivative was mxed with 10 ng of a powder of
pol yvi nyl i dene fluoride, followed by adéation of 0.5 m of

di met hyl @ theabsowe-dbsiritied deécitmene m‘ra;erls%tdfuhe . Vet £pelyihydeoxylated he
solvent. The m xture was poured in a circular nold having a dianmeter of 15

mm and the sol vent S apor d under.a.reduced ,pressure.. Jhe, m x e
from wh ift‘,ﬁem@ was V\gﬁt‘“ %ﬁ’sg’iﬁp@ws&%w AeKl, Jnd.wag s dﬁteg E.\;fﬁm qeeﬁﬁj};s
having a dianeter of 15 mmand a thickness of about 300 Jm Such a pellet

i s takenwisil@ p&epein afnitrbgenhtrhoypinre\at okdinapy terhperafireduFheoreactanPevdsct
5B of Hydrogensulfate-Esterificated Polyfullerene 44 Hydride (all

estrificatl f | &. iyl ar A of .t he . r of e .0gen
sul fated %ﬁﬁ@? SWeEﬁEsnPn ﬁ;eiﬁglssﬁeﬁ aghﬁﬂgﬂg r‘gﬁ%&’rfi Hbﬁﬁd%%@”ﬁ@g gpi g&ﬁgﬁﬁ
powder of polytetrafl uoroethylene (PTFE) in such a manner that the content
of PTFE iweasafractidnateddyrcentrifugad issparfationgcleaned threstimes bydlisthyd ether ande

m xture thus kneaded was nolded into a pellet having a dianmeter of 15 mm

ord, = PUGHPBD PhyRHaH o o Bocty JoBhihc o BHERSCHEP 2L, 513

Pol yful | er ene dride (partial estrification) of Exanple 6> First, 2g of a

powder ofdriedninderra reducedpressirezd 460562 2A powderiibus olgainedl was subjected to

FT-IR measurement. As a result, the IR spectrum of the powder nearly
conformed to that of a fullerene derivative in which the hydfoxyl groups were all
hydrogen sulfate groups shown in the document, and therefore, it was confirmed
that the powder was the hydrogen sulfated fullerene as the target material. .

<Production of Pellét SA of Hydrogensulfate-Esterificated Polyfullerene
Hydride (all estrification) of Example 5>

First, 70 mg of the powder of the hydrogen sulfated fullerene derivative was
mixed with 10 mg of a powder of polyvinylidene fluoride, followed by addition of
0.5 ml of dimethylformamide thereto, and the powders thus mixed were stirred in
the solvent. The mixture was poured in a circular mold having a diameter of 15
mm, and the solvent was evaporated under a reduced pressure. The mixture from
which the solvent was evaporated was then pressed into a pellet having a diameter
of 15 mm and a thickness of about 300 |m. Such a pellet is taken as a pellet of
5A of Inventive Example 5.

<Production of Pellet 5B of Hydrogensulfate-Esterificated Polyfullerene



C70 was put in 30 mM of fumng sulfuric acid, and was stirred for three
days while being kept in a nitrogen atnosphere at 60C. The reactant was
put little by little in diethyl ether cooled in an ice bath. It should be
noted that diethyl ether not subjected to dehydration is used. The deposit
t hus obtained was fractionated b centdti fugal separation, cleaned three

ti mes byHydsidey(albtestuifieation)viof cEggmpleri S>ure of diethyl ether and
acetonitrile at a mxing ratio of 2: 1, and dried under a reduced pressure

Fesult, the I SELRetyy 7Rk RECUT oSkt CEf b 1 drdpen STFRNY TlEhene Has®

full erene derivative containing the hydroxyl ‘%‘rsoups and OSG3H gr oups shown
in the mixedrenwithana t rdispsrsion icontaining)ni60%ed ofhat t Kinepopevdetas afhe
pol yhydroxyl hydrogen sulfated fullerene as the target material.

<Pr oduct {Pﬂg f Estltl_l‘i | PYFH 45
Hydri de ?@gg??ﬁ%ﬁgﬁl}}?é&g I on ngggghp@%ﬁ%> |£t51¥d é%egrrtgggf a ptcj)ﬁédzgir?@of
t he pol yhydr oxyl hydrqogen sul fated full erene eri va}li ve, was [ X‘T&e"“ th 10
mg of a bowideonothepbasis of yhe detab amavart, and kneadeshe JThe ynixdnre: thys kneaded
of di nmet hyl formam de thereto, and the powders thus m xed were stirred in

the sol vgik mdlaRdThitd Hgﬁll‘éﬁﬁa #didieRr Of "1SUInMh afidl dthickme’8 of abdue3O0er
of 15 mm and the solvént was evaporated under a reduced pressure. The

m xture fromwhich the sol vent was evaporated was then pressed into a
pel | et ke noduchi peletis taken as apellgtof SBreflaveativeExample 300 gym Such a

pellet is taken as a pellet of 6A of Inventive Exanple 6. <Production of

Pellet 6B of NdhARSRSOF T drobehéiiFdtb Fk&TriCad POy RaRnEMEyafiGe (partial

estrification) of Example 6>

First, 2g of a powder of a mixture of Cg, and Cy @ntaining about 15% of
Cy was put in 30 ml of fuming sulfuric acid, and was stirred for three days while
being kept in a nitrogen atmosphere at 60°C. The reactant was put little by little
in diethyl ether cooled in an ice bath. It should be noted that diethyl ether not
subjected to dehydration is used. The deposit thus obtained was fractionated by
centrifugal separation, cleaned three fimes by diethyl ether and twice by a mixture
of diethyl ether and acetonitrile at a mixing ratio of 2 : 1, and dried under a reduced
pressure at 40°C. A powder thus obtained was subjected to FT-IR measurement.
As a result, the IR spectrum of the powder nearly conformed to that of a fullerene
derivative containing the hydroxyl groups and OSOs;H groups shown in the
document, and therefore, it was confirmed that the powder was the polyhydroxyl
ﬁydrogen sulfated fullérene as the target material.

<Production of Pellet 6A of Hydrogensulfate-Esterificated Polyfullerene



(partial estrification) of Exanple 6> Simlarly, 70 ng of the powder of the
pol yhydr oxyl at ed hydrogen sulfated fullerene was m xed with a di spersion
cont ai ning 60% of a fine powder of polytetrafluoroethylene (PTFE) in such
a manner that the content of PTFE becane 1 wt%on the basis of the total
amount, and kneaded. The nixture thus KReaded was nolded into a pellet

havi ng aHydzidst er (partials nestuification)i cefieExagmpla®sut 300 ,um Such a pel | et
is taken as a pellet of 6B of Inventive Exanple 6. <Production of Pellet of

Ful | erene of pﬂg'f) ' ?m} r hSN f
the fullerene no ’z(ghe%%uf?é .asd)etrﬁtgf Efr&agvsmg?’;ﬂ ?%%%tgr?g g{/lﬁ?ﬁgg?geferllﬁ t he
above examples was m xed wiith 10 ng_of a _powder, of polyvinylidene

f I uor i dederivativemeasymixadiwithcO mg of 8 pawder ofppokyvinylidanesflueride followed ang

the powders thus nixed were stirred in the solvent. 46 The nixture was
- poured i Byaddifién of'0.55h ob%mwlﬁg&:ﬁmw tiitfretb> Al the Pbwiers thly SRixedas

evapor at ed under a reduced press The m xture fromwhich the sol vent
was evaporated was, then pressed_into a pellet havjpg a.diagnmeter Qf 15 mm
Bnd .t PG SUSeOr oAb YOI ¥60) , FhS Tk Was pered I acirrular mald having @
Conpar ative Exanple 2. <Production of Pellet of Fullerene of Conparative
Exanpl e diankéter ID8maR Nand ¢heBobierithwap avaporated tlinkidrua lredecs peéssard.es

used as the raw material for synthesis in the above exanpl es was m xed

wth a dispersion ,contai.ni 60% of a fine powder o .
Dol vt ot + TR ARER GOENHich Ms SOYeRl vibs.evhpoRited Sadihen wresssd inte a,pelstec
becane 1 wt% on the basis of the total anpunt,

having a diameter of 15 mm and a thickness of about 300 Jm. Such a pellet is

taken as a pellet of 6A of Inventive Example 6.
<Production of Pellet 6B of Hydrogensulfate-Esterificated Polyfullerene Hydride
(partial estrification) of Example 6>

Similarly, 70 ﬁg of the powder of the polyhydroxylated hydrogen sulfated
fullerene was mixed with a dispersion containing 60% of a fine powder of
polytetrafluoroethylene (PTFE) in such a manner that the content of PTFE becaﬁle
1 wt% on the basis of the totai amount, and kneaded. The mixture thus kneaded
was molded into a pellet having a diameter of 15 mm and a thickness of about 300

Am.  Such a pellet is taken as a pellet of 6B of Inventive Example 6.

<Production of Pellet of Fullerene of Comparative Example 2>

For comparison, 90 mg of a powder of the fullerene molecules used as the
raw material for the synthesis in the above exampies was mixed with 10 mg of a
powder of polyvinylidene fluoride, followed by additioﬁ of 0.5 ml of

dimethylformamide thereto, and the powders thus mixed were stirred in the solvent.



and kneaded. The m xture thus kneaded was nolded into a pellet having a

di aneter of 15 mm and a thickness of about 300 ,u m Such a pellet is taken
as a pellet of Conparative Exanple 3. Measurenent of Proton Conductivities
of Pellets of Inventive Exanples 4 to 6 and Conparative Exanple 2 To
nmeasure a proton conductivity of each # the pellets of Inventive ExaHmI e
4 - 6 anThEonieiua iwas poangd én2 ciroularsimeld bavingea gdameter\gf 15 mapy an

bet ween al um num pl at es each having the sane dianeter as that of the

pellet, that, | 15 t Ltdderhld. mhi i es
P angi n e Shivenk s’ e YRRoEHE gt R8fGed BBy IP phinthrchion SAHEC
conpl ex inpedance at each frequency. The nmeasurenent was pelformed gﬂfer a
dry at miispbelvent Washevapspated was then pressed intocaipalet having:a diameteg °§r on
conducting 47 portion 1 of a proton conductor conposed of the above pellet

el ectricall onstitutes an.egui ent., Ci Pt i LA - &t ¥hich
capaci té‘i\@eéﬂ aaifi‘ oS g%fﬁq%xog@tzt&é%n $ﬁ#§ta§r%gw2el§gﬁgbgl%%tzfg%}é§ 2 and
3 with the proton conducting portion 1 expressed by a parallel circuit of

a resi swﬁﬁaﬂtﬁ@quﬁngmpi tance 5 held therebetween. In addition, the
capacitance’ 5 designates a delay effect (phase delay at a high frequency)

upon m gration of proto apd. t.h resist.ance 4. ' a paraneter of
difficulty oﬁri)ﬁPgPE‘t“i’BﬁﬁyFnﬁpﬁf EH@?IGPH&P%’A’?&F”@HF‘?%%’E@E?Z i s expressed
by an equation of Z=Re (2) +i Im(Z). The frequency dependency on the
prot on condu@drn@mparison) 7umgecithe powdeeof tiecfidlerens moleenles used as thes
exam ned. In addition, Fig. 17B shows an
raw material for synthesis in the above examples was mixed with a dispersion
containing 60% of a fine powder of polytetrafluoroethylene (PTFE) in such a
manner that the content of PTFE became 1 wt% on the basis of the total amount,

and kneaded. The mixture thus kneaded was molded into a pellet having a
diameter of 15 mm and a thickness of about 300 pm. Such a pellet is takenas a
pellet of Comparative Example 3.

Measurement of Proton Conductivities of Pellets of Inventive Examples 4 to
6 and Comparative Example 2

To measure a proton conductivity of each of the pellets of Inventive
Example 4 - 6 and Comparative Example 2, both sides of the pellet were held
between aluminum plates each having the same diameter as that of the pellet, that
is, 15 mm, and AC voltages (amplitude: 0.1 V) at frequenciés ranging from 7 MHz
to 0.01 Hz are applied to the pél]et, to measure a complex impedance at each
frequency. The measurement was performed under a dry atmosphere.

With respect to the above impedance measurement, a proton conducting



equi valent circuit of a proton conductor (Conparative Exanple to be
described later) using the typical fullerene nolecules that contain no

di ssoci ation of proton. Fig. 21 shows results of neasuring the inpedances
of the pellet 1A of Inventive Exanple 4 and the pellet of Conparative
Exanple 2. Referring to Fig. 21, for th¥ pellet of Conparative Exarrplf 2,
the freqgpertion dhaohcteripretons epnduetor oepmposedpefncdhes rabovey (prlledane
as the behavior of a single capacitor, and the conductance of charged

particl egrelHi&H stiih?tg§ a?ﬁgffl&ﬁ’\?}ﬁ‘ftg%}mﬁh tsh vsﬁigqulegfié.e PIAL hin fwhicr ene

nmol ecul es 1's not’ observe for the pe of Inventive

Exanpl e 4, the inpedance in a high frequency region —depicts flattened
but ver ycapasitances gnd %m&fqrm% batweea fitshand sseond el%“@‘é%«ﬂll‘féﬁf{@gof

sone charged particles in the pellet, and the inmagi nary nunber portion of

the | npegasbn fcbgﬁdégt@%gag?&g%?ggedésewﬁx £BHAIRY chiefitdT a Wistingd W 4ad48

the occurr particltes between the al um num

el ectrode and {he pel]et, as gradually _nearjng the DC vqltage /th respect
to the BIGPRFHANGS St #@dcﬁv&r%mwssnt i éne@f({atéme&w Fﬁﬁa%@ﬁgrﬁuﬁv"\é}%@ﬁ%ge
and the pellet 1A of Inventive Exanple 4, the charged particles on the

al um numjelagcéffectqphiase deRiycarch digh Frequenty) apenndigiativn dft protom) padethe

that the charged particles’in the pellets “are not electrons or holes but
tho T ul | BREBAGR A OSHIEhaeShpacamatie: o RgIy, RE TRigsolon ek ProbiiSchIfded
particles can be calculated on the basis of an intercept of the
ci rcul ar neeasured impeddrie Zriscoespressed by an sdudtion okZvd Re @y +tine Ine(Zet of
I nventive Exanple 4, the conductivity of the charged _
The frequency dependency on the proton conducting portion expressed by the
above equivalent circuit was examined. In addition, Fig. 17B shows an
equivalent circuit of a proton conductor (Comparative Example to be described
later) using the typical fullerene molecules that contain no dissociation of proton.
Fig. 21 shows results of measuring the impedances of the pellet 1A of
Inventive Example 4 and the pellet of Comparative Example 2.
Referring to Fig. 21, for the pellet of Comparative Example 2, the frequency
characteristics of the complex impedance is nearly the same as the behavior of a
singie capacitor, and the conductance of charged particles (electrons, ions and the
like) of the aggregate of the fullerene molecules is not obsgﬁed at all; while, for
the pellet of Inventive Example 4, the impedance in a high frequency region
depicts a flattened but very smooth single semi-circular arc, which shows the

conductance of some charged particles in the pellet, and the imaginary number

portion of the impedance is rapidly raised in a low frequency region, which shows



particles becone about 1X10-6 S/cm The pellets of 1B of Inventive Exanple
4, the pellets of Inventive Exanple 5, and the pellets of Inventive
Exanple 6 were subjected to the sane neasurenent as descri bed above. As a
result, the whole shape of the frequency characteristics of the inpedance
in each of the pellets is simlar to t4fat of Inventive Exanple 4; however,
as shownthenovemrence of Helocking) oft charged opantidesyed betvestt| ezhf? n AHHRIPIM; he
pell ets obtained on the basis of an intercept of a circular-arc portion

W th theeegbie ap’ Shei gl Rk . r&ﬂﬂﬂ# hesrihg th@q)_c%uagg; AR ithT/BpectAo the

Conductivities of Pellets o rot o Conduttors in Inventive Exanples (at
25'C) Kind of Pellets Conductivity (S/cm _Pellet 4A qf |Inyentive Ex le 4
1 X 10" eblogking of Ahgrcharged patticles bepwect the xkqmlwmpﬁpp odg Ands thepelift v e

Exanple 6 6 X 10 Pellet 4B of Inventive Exanple 4 3 X 10- Pellet 5B of
| nvent i VeAEsRRehtive’ EXariplé 4, ié CRArgRR pirticlescon e afiaffitd dledrodelSide As

shown in Table 2, in both'of fhe pel I"et types A and B of the Inventive
Exanples 4, 5, and 6,, the conductivity of th elJet of t fullere

or | vat | 9 CIetRoR A ATRETEEEH it apnpreninal ticehanaed napticles in the BRflets .
of the fullerene derivative containing the hydroxyl groups. The reason for

this is afeahot ElectfonBior lusles but dens;emoes spedifieallyf protdne darcomsideration lof
t han the hydroxyl groups. The

the configuration of the fullerene derivative.

The conductivity of the above-described charged particles can be calculated
on the basis of an intercept of the circular-arc on the high frequency side with the
X-axis. For the pellet of Inventive Example 4, the conductivity of the charged
particles become about 1X10°% S/cm. The pellets of 1B of Inventive Example 4,
the pellets of Inventive Example 5, and the pellets of Inventive Example 6 were
subjected to the same measurement as described above. As a result, the whole
shape of the frequency characteristics of the impedance in each of the pellets is
.similar to that of Inventive Example 4; however, as shown in Table 2, the
conductivity of charged particles in each of the pellets obtained on the basis of an
intercept of a circular-arc portion with the X-axis, is different from that in the

pellet.



results of Table 2 also show that the aggregate of the fullerene derivative
contai ning the hydroxyl groups and OSG3H groups can exhibit, in a dry

at nosphere, a good proton conductivity at ordinary tenperature. Next, the
conpl ex i npedance of the pellet 4A of Inventive Exanple 4 was 50 neasured
in a tenperature range from160 Cto -48' C, and the conductivity of the
pel | et wiableal2culGomstictivities: ofaPeletst of Protonl ar Candugtors i oinon nventivgh
frequency side of the conpl ex inpedance curve of the pellet nmeasured at

each te am ne the tenperature dependency on the
conductlg'lggﬁﬁﬁ%@t re?t}lts are shown in Fig. 22 as the Arrhenius plot. From

t he dat a th\l\dl in Fiq 22 it is apparent that the conductivity and
t enper at a linear rel ationshi toe: L.thin the tenpergture
range OL{W&?&H&@ I n ot her words, 1'&?"&‘%F“L’§S’S(.S/%5shom t hat a sijngl e
i on conducti on nechani sm can proceed in|the tenperature range of 160C|to

-40C. Thle sli (f{]‘g r.ot on,copduct Qr essem | allé conprising the fullerene
deri vat i p&® OEJFVF@FV mpie 4accor o the present invention,

thereforje, can exhl b|t a good proton cohductlw ty ina w de terrperaturé

range in . B ;
t enper at upglgfsAqglgvgﬂl%mw ggeratu Qh 40C <Pr oductlon of Car boq
sChar g

Cluster [Derivative of Exanple 7> Arc di $ e was perforned by applying a
current jof 200 A between both eI ectrode¢s conposed of carbon bars in 0.|05
thus obtain_ I g of [a carhon powder. The carbon powder

MPa of
was mi XZ%P%]Q%WA@%WCWV%EX@M® sul ﬁ)ﬁﬂ@lgam d, and kept for three |[days
in a nitfogen flow at 60C. The heating pas
Pellet 4B of Inventive Example 4 3%X10°
Pellet 5B of Inventive Example 5 7X10*
{ Pellet 6B of Inventive Example 6 3%X10°

As shown in Table 2, in both of the pellet types A and B of the Inventive
Examples 4, 5, and 6, the conductivity of the pellet of the fullerene derivative
containing the OSOsH groups is larger than that of the pellet of the fullerene
derivative containing the hydroxyl groups. The reason for this is that the OSO;H
grbups cause ionization of hydrogen more easily than the hydroxyl groups. The
results of Table 2 also show that the aggregate of the fullerene derivative
containing the hydroxyl groﬁps and OSO;H groups can exhibit, in a dry
atmosphere, a good proton conductivity at ordinary temperature.

Next, the complex impedance of the pellet 4A of Inventive Example 4 was



performed by using a water bath. The reaction solution was dropped little
by little in 500 mM of pure water, and a solid nmatter was separated from
the water solution by centrifugal separation nmethod. The solid matter was
cl eaned several tinmes by diethyl ether anhydride, and dried for five hours
under a reduced pressure 51 at 40C TH8 resul tant powder was di ssolved in
10 m ofmeasuradyir of temperaturg Mange fragn| 160 %C donpéd 6 andnthee gongductivity

filtering; and the solvent was evaporated under a reduced pressure to

obt ai n | [{Qqt ld Qs tfek e : a
force 01?0 %ﬂ%éog)gﬁg{néﬁ ésn}efgﬁgl?%l&ricu g:ﬁgp%ﬁ%fseﬁ h%\?{l ‘r?giaés é}&rgmr Bglfﬁ%gﬁrlgn“
Such a pellet is taken as a pellet of Inventive Exanple 7. Measurenent of
Prot on Csequendyvside of tire:icomplex impeslance awve rofthe peliety megsuredy ahgaeh 7
The AC i npedance of the pellet of Inventive Exanple 7 was neasured in a
dry air 4 C ' agﬁlg:n Chi bRt a ult,
It was fg(f)h |§@%§qtah§’t(%g§1&i ?rﬁp}'gctiéalﬁggr e ag?%?mréglgzl {)fllﬁggf romi olrﬁt?éndrﬂlg?ance
appeared in a frequency region of 10 MHz or | ess._The conductjvity, of the
pel | et sssults azeshownsinaRig. 22 assbe Amrhenius glot. onFroa the dlata showRaingFiget er
of a circular-arc curve of the inpedance behavior, at 3.0X10-4 (S/cm.

<Pr oduct 2Byt f %%Eﬁﬂthﬁ 43 BondiRitivig k@ telfipdsfitel ishin® liiear rlaiditge was

performed by a ing a current of 0O A between both el ectrodes conposed

of carbon bars (n,0.05 MPa of an argo to obtain 1 of car bon
powder . aeastwisbin BiSaPIALIe TaBES 9E480RC 19 n%‘iweé o X0 s wirds, dafa oF

Fig. 22 shows that a single ion conduction mechanism can proceed in the

temperature range of 160°C to 40°C. The second proton conductor essentially
comprising the fullerene derivative and a polymer material according to the present
invention, therefore, can exhibit a good proton conductivity in a wide temperature
range including ordinary temperature, particularly, ranging from a high
temperature of 160°C to a low temperature of —40°C.

<Production of Carbon Cluster Derivative of Example 7>

Arc discharge was performed by applying a current of 200 A between both
electrodes composed of carbon bars in 0.05 MPa of an argon, to thus obtain 1 g of
a carbon powder. The carbon powder was mixed with 100 m] of 60% fuming
sulfuric acid, and kept for three days in a nitrogen flow at 60°C. The heating was
performed by using a water bath. The reaction solution was .dropped little by
little in 500 ml of pure water, and a solid matter was separated from the water
solution by centrifugal separation method. The solid inatter was cleaned several

times by diethyl ether anhydride, and dried for five hours under a reduced pressure



conponent was renoved by filtering, and the solvent was evaporated under a
reduced pressure to obtain a powder again. The resultant powder was m xed.
with 100 m of 60% fum ng sulfuric acid, and kept for three days under a
nitrogen flow at 60C. The heating was perfornmed by using a water bath. The
reaction solution was dropped little b little in 500 M of pure water,

and a solt HORC! erThageSiitante pamaterdwasodissedveshtior1@ anliof detrehydeafuraneygal
separation nmethod. The solid matter was cl eaned several tinmes by diethyl

et her an hed | Vv d d oC.
The. sol | GHED: i RSofiE “cdBbopeh Felitien. 8 Hindid g/ AR’ (B ShveR ?z?af‘
pellet of Inventive Exanple 8. <Measurenent of Proton Conductivit .

Pel | et ofvapenated ulder heretncedppreasite tof obtain peisphid wattenweherein té sopide 8
was neasured in a dry air in accordance with the same manner as descri bed
above. [ i ng
fromi oﬁ'ﬁ%@n uct anceé%as‘éﬁ%s%&'ﬁt Jﬂﬁ' ?tggitr?c %@ﬁ@ﬁ%ﬁr&@%ﬂa Hﬁ gta The
conductivity of the pellet. of Inventlve Exanpl e 8 was cal cul ated,_ on the
basi s of dismeter ofdSemms Suchiarpalled s tam@noaﬁra/pel&ft offaveniive Hixamplevi or

at 3.4 X 10-4 (S/cm. The main conmponent of the carbon powder obtai ned by
arc di scivgg@rément G Pitorr| CShdidivity ' PAIISSE Parboh MORistdrUDlefivativetof
havi ng a closed structure, suc as, 'a cage structure, bu aving a
structuri Iegft part of which has open ends. In addition, nolecules
havi ng a e wth a good electronic conductivity, simlar to the
graphite structure, which are slightly contained in the carbon cluster

ol ecul es, obgeUAC impedaiive! 6Ptheopelldiof Refitive Example 7 wasnivieasured in a
Exanmpl e 7 and

dry air 1n accordance with the same manner as described above. As a result, it
was confirmed that an impedance behavior resulting from ioh conductance
appeared in a frequency region of 10 MHz or less. The conductivity of the pellet
of Inventive Example 7 was calculated, on the basis of the diameter of a
circular-arc curve of the impedance behavior, at 3.0X10™* (S/cm).

<Production of Carbon Cluster Derivative of Example 8>

Arc discharge was performed by applying a current of 200 A between both
electrodes composed of carbon bars in 0.05 MPa of an argon gas, to thus obtain 1 g
of a carbon powder. The carbon powder was dissolved in toluene, an insoluble
component was removed by filtering, and the solvent was evaporated under a
reduced pressure to obtéin a powder again. The resultant powder was mixed with
100 ml of 60% fuming sulfuric acid, and kept for three days under a nitrogen flow
at 60‘;C. The heating was performed by usiﬁg a water bath. The reaction

solution was dropped little by little in 500 ml of pure water, and a solid matter was



directly after arc discharge in Inventive Exanple 8. As a result, it was
confirmed by the AC i npedance nethod that the pellet has no electronic
conductivity. Fig. 23 shows the TO~- M5 spectrum of [a] carbon powder
obtai ned by arc discharge. As shown in Fig. 23, nost of the carbon powder
has a mass nunber of 5500 or less, th& is, the carbop nunbeg@&f 500 or
| ess. Skeparatede frombeie omateonsdlutidinnby 5 Tentiiftgah ceeparatior  sat poidk€r s
|l ess than 2 A the dianeter of each of the carbon clusters of the powder

e Rl W e SRRV e g e e

Pol yhydr oxyl ated SWCNT Material > A refined SWCNT material was prepared and
t hen bufivedhbors trdehauresueed pressureradet0%Cs | Thei salidyamatier of S0 mSH WSt ai n
pol yfl uori nated SWCNT. The pol yfluorinated SWCNT was placed in pure water

and refluxed for t 3 t.. I | | stirred in order
to subsﬂ"?’?ﬁ?@ fgﬁcg (Fli{ﬁg)?lgﬁ%ﬁ%?ocrlrrs&?%&%é)?ggg#ﬂg‘r,%?%{gﬁ@%r8eby resulting in
the pol yhydroxyl ated SWCNT material which is identified ag a material in

I nvent i ve Exaieasiemesy of Peeion Condyativitieaf Bolletbelbxampler

Pol yhydr oxyl at ed SWCNT produced in the sanme manner as that in Inventive

Exanple 9 wa ' ' i leflti hplec® way michseeddays at
60C in orderwge@;;?%lggdw ﬁgméﬁtgéfoﬁggﬂ%ﬁ?%ﬁ%p%ﬁmH groups thereby

resulting in the hydrogen sulfated SWCNT naterial .as identifjed in .
| nvent i \ﬁgy aty ppceordance with the same manner as described above. As a result, it

was confirmed that an impedance behavior resulting from ion conductance
appeared in a frequency region of 10 MHz or less. The conductivity of the pellet.
of Inventive Example 8 was calculated, on the basis of the diameter of a

circular-arc curve of the impedance behavior, at 3.4 X 10 (S/cm).

The main component of thé carbon powder obtained by arc discharge was
carbon clusters or molecules of carbon clusters not having a closed structure, such
as, a cage structure, but having a structure at least part of which has open ends. In
addition, molecules hz;wing a structure with a good electronic conductivity, similar
to the graphite structure, which are slightly contained in the carbon cluster
molecules, obstruct the function of the ionic treatment in Inventive Example 7 and
directly after arc discharge in Inventive Example 8. As a result, it was confirmed
by the AC impedance method that the pellet has no electronic conductivity. Fig.
23 shows the TOF-MS spectrum of [a] carbon powder obtained by arc dischafge.
As shown in Fig. 23, most of the carbon powder has a mass number of 5500 or less,

that is, the carbon number of 500 or less. Since the carbon-carbon bonding



<Synthesis 2 of Pol yhydroxyl ated SWCNT> A refined SWCNT materi al was
prepared and then subjected to oxygen plasna treatnent. Then, the

at nosphere in the chanber was replaced with hydrogen and the naterial was
subsequent |y subjected to hydrogen plasma treatnent in order to obtain the
pol yhydroxyl ated SWONT material as idenBified gs 54 |nventive Exanple 11.
<Pr oduct distanve 8firtheecatbonspowdeh isf less e thaio 2e A, theediameter of seaghsof the

di spersed in water and the dispersion was filtered on a filter paper

il or poopntyefs AP RAWIC ST iBRIT0 B L CPPT 1 L/ 00° v ad) usted to

formthe filmhaving a thickness of 100 9m The fil m deposited on the
filter paper Nextdesemples |in pehichdat tubwar warbomacsous f materialhds usedaiased
are taken as filnms in Inventive Exanples 9,10 and 11. A material obtained

. by m xi ”Eatgaﬁa%lﬁrlhﬁ{eriﬂ | nventive Exanple 10 with a hydrogen sul fated
fullerené derivative at a weight ratio of 1: 1 was filtered in the sane

manner as descri bed above to forma filmas identified in Inventive Exanple
12. Further, shystiows hefefelyhydeaxydated S WCNT Materialeuents was filtered

in the sane manner as descri bed above to formthe filmwhich is identified

as  Conpar at i Ao &b WENT WRASHAP Wi\ prabafCaRy thaN Bifdd/ For &R Réursha

Film> To neasure a proton conductivity ‘of "each of the filns in Inventive
nard? ©528088 wndér'a flaokne gas Sn order to obtain polyfuorinated SWONT. "The
polyfluorinated SWCNT was placed in pure water and refluxed for three days at
100°C while being strongiy stirred in order to substitute the fluorine atoms for
hydroxyl groups thereby resulting in the polyhydroxylated SWCNT material which
is identified as a material in Inventive Example 9.
<Synthesis of Hydrogen Sulfated SWCNT>
Polyhydroxylated SWCNT produced in the same manner as that in
Inventive Example 9 was placed in fuming sulfuric acid and stirred fdr three days
at 60°C in order to replace the hydroxyl groups with the OSO;H groups thereby
resulting in the hydrogen sulfated SWCNT material as identified in Inventive
Example 10.
<Synthesis 2 of Polyhydroxylated SWCNT>
A refined SWCNT material was prepared and then subjected to oxygen
plasma treatment. Then, the atmospheré in the chamber was replaced with
hydrogen and the material was subsequently subjected to hydrogen plasma

treatment in order to obtain the polyhydroxylated SWCNT material as identified as



between al um numfoils which were cut into a disc shape having a dianeter
15 mm The disc was hel d between el ectrodes, and AC vol tages (anplitude:
0.1 V) at frequencies ranging from7 MHz to 0.01 Hz were applied to the
filmto neasure a conplex inpedance at each frequency. The nmeasurenent was
performed under a dry atnosphere. 55 54The measurenment result of the film

i n Conpdme¢ntive Example14. wi || be described bel ow. The conpl ex inpedance of
the filmwas fixed at a low resistance, that is, was not changed over the

above frequen ct that the electronic conductivity of
t he SWCNT nat%?gﬁ&g&%%g&#@éﬁ%anpl e 4 is high. As aresult, it was

reveal ed that the filmin Conparative Exanple 4 cannot be used as an ionic
conduct or. Tikacheefstheaabave thueaumaterigls was dispersediin|watenend dhedisparsiony -
12 will be described below A conplex inpedance of the filmof Inventive

potandtes Rterdd BRI oiBeY HROTE netes o024l WY Buofioh Tpcbfier e, )"

sem -circular curve, which shows the conductance of some charged particles

in the depositibe tfilen ioneenfiltyr papémerTRO airicwnt Gf theedisparsibante be sfilteyeidd! y
rtaised in a |ow frequency regi on, which shows the occurrence of the
bl ocki ng of ¢harged partjcles ﬁ:t,ween t.he alroi i pum el ectrodes and the film

as gr ad¥éas adjnsigpitpdorm the Yinga thigkness 48 the bl ocki ng of the
charged particles between the alum numelectrode and the filmin Inventive

CHaTEL 50 TR, BOB] GBAoRAd U 5 ek Tyl BN e, B} e ot
These films thus obtained are taken as films in Inventive Examples 9,10 and 11.
A material obtained by mixing the material in Inventjve Example 10 with a
hydrogen sulfated fullerene derivative at a weight ratio of 1: 1 was filtered in the
same manner as described above to form a film as identified in Inventive Example
12. Further, an SWCNT material that contains no substituents was filtered in the
same manner as described above to form fhe film which is identified as
Comparative Example 4.

<Measurement of Proton Conductivities of the Film>
To measure a protdn conductivity of each of the films in Inventive
Examples 9 to 12 and Comparative Example 4, both sides of the film were held
between aluminum foils which were cut into a disc shape having a diameter 15 mm.
The disc was held between electrodes, and AC voltages (amplitude: 0.1 V) at
frequencies ranging from 7 MHz to 0.01 Hz were applied to the film to measure a

complex impedance at each frequency. The measurement was performed under a

dry atmosphere.



particles in the filmare not electrons or holes but ions, nore
specifically, protons in considering of the structure of the tubular
carbonaceous derivative that forns the film Wth respect to the filns in
| nventive Examples 9, 11 and 12, the behavior of these filns are simlar
to that of the filmin Inventive Exanplh®8 10 as observed _although there was
a di fference The teasirement tesaltciof cthiearfihn dnt Gempasatives: Exaseple A yvillabegl v,
it was revealed that the filnms in Inventive Exanples 9 - 12 desirably

function,as .a tubul ar catbonacequs jm i al ru\akd ve . n
conduct cﬁescﬂﬁﬁi Fg"?&éct Fﬂg‘Pjg’(Sv i %Laé%gngg {%’éagf&frﬁerrvgénst ?,"H{(ﬁtg?p? oltoc%
conducting portion 1 of the filmlike proton conductor constitutes an

el ect ri qekistarrayithetligwas not changed ovetihehaboveafraquencyceange dusr teethefactheen
first and second electrodes with a resistance in the proton conducting

portion ke t her ehet wee L, mid ALl ' Lfd ' | sth

di scusse‘ga_{eﬁ}%‘a?h’é 1."50\,\%“@11%?"?@ F&ﬂn@P Wdl}g??%‘? Legfal‘f r?f E%rﬂﬁan%@fi\é I'n a }:Iei ‘%i on,
t he capacitance designates a delay effect iSph.ase del ay ,at _a high

f r equencighighoAsrd resalti itrwas revealeshthat shel fil mein Gompasative Eé@rr&aaﬂeealamt
parameter of difficulty of mgration of protons. The neasured inpedance Z
S eXpreﬁéﬁQg&’? aﬁ%i%%?ﬁlh Z=Re (2 +1i - Im(2Z2). The frequency
dependency on %e proton conductivity portion was exami ned. The
conductivity of the above descrjbed charged particl e%*can e cal 2u| eiigd on
the basis of akhemeasyegment resulis of the flmsindnygntive Examples Sudd Yl Ple of
wth the X-axis. The conductivity of the filmin Inventive Exanple 10 is

about 2XgestPibedbaiB. TA ESHiIK! intpédicctdt tHiefill of litventiver Example f10cis
anpl es are

representatively shown in Fig. 24. Referring to Fig. 24, the impedance in a high

frequency region depicts a flattened but very smooth semi-circular curve, which
shows the conductance of some charged part_icles in the film and the imaginary
number portion of the impedance is rapidly raised in a low frequency region,
which shows the occurrence of the blocking of charged particles between the
aluminum electrodes and the film as gradually nearing to a DC voltage. With
respect to the blocking of the charged particles between the aluminum electrode
and the film in Inventive Example 10, the charged particles on the aluminum
electrode side are electrons, and accordingly, it is apparent that the charged
particles in the film are not electrons or holes but ions, more specifically, protons
in considering of the structure of the tubular carbonaceous derivative that forms the
film. With respect to the films in Inventive Examples 9, 11 and 12, the behavior of
these films are similar to that of the film in Inventive Example 10 as observed

although there was a difference in the size of the circular arc therebetween.



different fromone another as shown in Table 3. 57 Table 3 Conductivities
of proton conductor filmof present invention (25 C Kind of film
Conductivity (S/cm) Filmof Inventive Exanple 9 2 X 10-7 Filmof Inventive
Exanple 10. 2 X 10-5 Filmof Inventive Exanple 11 7 X 10$ Fil m of

I nventive Exanple 12 3 X 10"4 As it isS@pparent in Table 3, when the

hydr ogerAcaorlinigly, fitineas qentalgdothas the filens ninr drvestive cExdmplesb ) ar 12
carbonaceous material are replaced by the OSCG3H groups, the proton

d | Vi ' he.fil be, | .. Th for this i
he CoosEeToY, Sundicn 4R Jaruiah GRonfhSys mada: rivghiv bf o Bt vy
groups. The results show that the aggregate of the tubular carbonaceous

mat er i alcondectorati ve contai ning the hydroxyl groups and OSO3H groups can
exhibit, in a dry atnosphere, a good proton conductivity at ordinary

compri o ng 2 WiPRE8 hothkbove b enCe TPsytonfontl The br6OM U dlcting

whi ch proton dissociating groups are introduced. 2. The proton conductor
accor di rpprtion dl aif the, filohdiks protont comslucten constituteseam eledtricallyespivalent
di ssoci ati ng groups.
circuit in which a capacitance is formed between first and second electrodes with a
resistance in the proton conducting portion held therebetween as similarly
identified in the previously discussed embodiments and as further illustrated in Fig.
17A. In addition, the capacitance designates a delay effect (phase delay at a high
frequency) upon migration of protons, and the resistance designates a parameter of
difficulty of migration of protons. The measured impedance Z is expressed by
the eql;ation, Z=Re (Z) +i—Im (Z). The frequency dependency on the proton
conductivity portion was examined.
The conductivity of the above described charged particles can be calculated
on the basis of an intercept of the circular-arc on the high frequency side of with

the X-axis. The conductivity of the film in Inventive Example 10 is about 2X

10° S/cm. The conductivities of the film in other Inventive Examples are

different from one another as shown in Table 3.



3. The proton conductor according to claim1l, wherein its ion conductivity
Is larger than electron conductivity thereof. 4. The proton conductor
according to claim1l, wherein the carbonaceous naterial essentially
conprises a carbon cluster as an aggregate of carbon atons. 5. The proton

conductor according to claim4, wherei 7t he carbon cluster
6. Tableprdt on Conductivitiesccof dprogori O comfuctetr, ey eiof t presear bon
| east part of the fullerene structure
proton conductor according to claim4, wherein the

car bonaceous materi al .
according to claim4, wherein sone of the carbon
9. The proton conductor according to claim1l1, wherein the
conprises the carbon clusters bonded together. 10.

nol ecul
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has ope

car bon

structures.
car bonaceous materi al
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has a structure in which at
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11,
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Film of Inventive Example 10 2X107°

Film of Inventive Example 11

7%10%

Film of Inventive Example 12

3x10*

As it is apparent in Table 3, when the hydrogen sulfated functional groups to

be introduced to the tubular carbonaceous material are replaced by the OSO;H

groups, the proton conductivity in the film tends to be large. The reason for this is

that the OSO;H groups cause ionization of hydrbgen more easily than the hydroxyl

groups. The results show that the aggregate of the tubular carbonaceous material

derivative containing the hydroxyl groups and OSOsH groups can exhibit, in a dry

atmosphere, a good proton conductivity at ordinary temperat{lre.




group having a bival ent bond, and where O represents an oxygen atom 12.
The proton conductor according to claim1l, wherein the proton dissociating
groups are selected fromthe group consisting of -OH -0OSO3H, -COOH, -SQO3H,
and -OPQ(OH) 3. 13. The proton conductor according to ' in the

proton dissociating groups and electras attractive L nt roduced
I n the carbonaceous material. 14. The proton conduéﬂ“ﬂﬂﬂ#!‘ﬁ” E ” claim
13, wherein the electron attractive groups are selec¢ted Tt oup

consisting of nitro groups, carbonyl groups, carboxyl groups, nitrile
groups, al kyl halide groups, and hal Hngtoms. 15. The proton conduct or
according to claim1, essentially consisting of the carbonaceous nateri al
into whigh the gf&bﬁn Shriduetdrat éoiapasingpsa acarbonaceous: erhaterial. essentialdy on
conductor according to claim1, conprising the carbonaceous material into

whi ch the praqton dissociatin ou arne i ndr. C ' r

Tt or i al COMPHISIgEA 90N TBTIDEEGHORA BRaPFgtRG P pfRR RICES, |\
polymer material has no electronic conductivity. 18. The proton conductor
accor di ng, t Thel froferl Conddietos abcording 0 wiwim dpwedicrein protons migeate betwern nd

sel ected from pol yfl uoroet hyl ene, pol yvinylidene fluoride, and

ol yvi nylL al cohol ,. Thi.s,.Sheet s Been Replaced I 11LLLLL FURLELLEL LD 1T
PPV i e epfon dighdtiating Erbubs. P

3. The proton conductor according to claim 1, wherein its ion conductivity is
larger than electron conductivity thereof.

4. The proton conductor according to claim 1, wherein the carbonaceous material
essentially comprises a carbon cluster as an aggregate of carbon atoms.

5. The proton conductor according to claim .4, wherein the carbon cluster is a
fullerene molecule.

6. The proton conductor according to claim 4, wherein the carbon cluster has a
structure in which at least part of the fullerene structure has open ends.

7. The proton conductor according to claim 4, wherein the carbon cluster is a
tubular carbonaceous material. |

8. The proton conductor according to claim 4, wherein some of the carbon
clusters have diamond structures.

9. The proton conductor according to claim 1, wherein the carbonaceous material
comprises the carbon clusters bonded together.

10. The proton conductor according to claim 1, wherein the proton dissociating

groups are expressed by -XH where X represents an arbitrary atom or an atomic

This Sheet Has Been Replaced




60 19. The protom conductor according to claim 16, conprising the polymer
material of 5 mnﬁ“u“ The proton conductor according to claim 16,
wherein the p I‘mm‘ I onpri ses pol ytetrafl uoroethyl ene of 3 wt % or
| ess. 21. The pfoton ‘cofduétof according to claim16, which is a thin film
with a thickness of 300g mor |less. 239 A method of producing a proton

conduct @roupouimti hasgat bivalestp wnd and rwlers Haepresents athpdogeatatom. gr oups
into a carbonaceous nmaterial essentially conprising a carbon. 23. The

met hod. of, praducing a prpoton condyct or accordyin . Clal [ el a
hal ogen(;'t]ed ﬁﬂe 1?5?11-%%? (??eW&anntgc‘gﬁHg lﬂjﬂtvgpérg}n hie ﬁ%"@éﬂrdi%%ggtg’gr aw
material, and the proton dissociating groups are introduced into carbon
atoms  quoups aregxpressedibyoQdeorusY Ol shicat Yys antgrbitrarygatomeor aw atowde i al

. to hydrolysis, a plasma treatnent, or an acid treatnent. 24. The nethod of

pr oduci 3 C | ' ' t he

Car bonaddsiR RS pPRteEt Bopdr i Witk ChrephBlelie i RUBHEbbm, %,
aggregate of carbon atoms. 25. The nethod of producing a proton conductor
accor di fi@.t oThe protodicondustas accordingctar tleimcllysvhereirns the protpardissociating ul e.
26. The nethod of producing a proton conductor according to claim 24,

wher el N orbfifs G7¢ Belbckd Bofh (16 préup 'coHSisHhg 41-OfY, COSO,H*CO0R] LSOLH, he

fullere ure as open

and -OPO(OH)s.
13. The proton conductor according to claim 1, wherein the proton dissociating
groups and electron attractive groups are introduced in the carbonaceous material.
14. The proton conductor according to claim 13, wherein the electron attractive
groups are selected from the group consisting of nitro groups,-carbonyl groups,
carboxyl groups, nitrile groups, alkyl halide groups, and halogen atoms.
15. The proton conductor according to claim 1, essentially consisting of the
carbonaceous material into which the proton dissociating groups are introduced.
.16. The proton conductor according to claim 1, comprising the carbonaceous
material into which the proton dissociating groups are introduced and a polymer
material.
17. The proton conductor according to claim 16, wherein the polymer material
has no electronic conductivity.
- 18. The.proton conductor according to claim 16, wherein the polymer material is
at least one kind selected from polyfluoroethylene, polyvinylidene fluoride, and

polyvinylalcohol.
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VIIr It 1l s 61 27.° The nmethod of produci ng Iﬂlﬂlﬂ

according to claim?24, wherein the carbon cl ust mylmﬁmlmm)

car bonaceous material. 28. The nethod of producing & prot#n torduct or
according to claim 27, wherein the tu#ul ar carbonaceous material into

which tH18. pr’md)praionmdauangaogom:ng tar elaimmt ri6gucedprisidgs pthes epolyiner n a
liquid and filtered so as to forma film 29. The nethod of producing a

proton co (o] to claim24, wherein sone of the carbon
cl usteryuﬂ @t‘af%@a’ﬁ? T%étures 30. The method of producing a proton
conductor according to claim?22, wherein the carbonaceous materi al

conpr i s&8. t iEhec prdton mmhmlammad:nmdmg toghtiteil 6, suherainethespolymer materdalci ng
a proton conductor according to claim22, wherein the carbonaceous

mat eri al by an arc di scharge

t echni q%hﬁﬁﬁéﬁﬁt@?ﬁ?‘&@r@%ﬁ ie%eb%gs%g?e ec{}ggde subjected to an acid
treatment to introduce the proton dissoci atl groups, i nto, carbon atons
cont ai nizlg tTFhe protoanconductoracconting theclaimh whlpgdau%lthljl Ailpy avith, a
conductor according to claim22, further conprising the steps of

I ntrodu e ' i ati ng groups into the carbonaceous material,
and con&@gp%% ?ﬁ%@%gﬁgg%us material into which the proton
di ssociating groups are introduced into a desired shape.

22. A method of producing a proton conductor, comprising the step of:

introducing proton dissociating groups into a carbonaceous material
essentially comprising a carbon.
23. The method of producing a proton conductor according to claim 22, wherein
a halogenated or non-halogenated carbonaceous material is prepared as a raw
material, and the proton dissociating groups are introduced into carbon atoms
containing the carbonaceoﬁs material by subjecting the ra\& material to hydrolysis,
a plasma treatment, or an acid treatment.
24. The method of producing a proton conductor according to claim 22, wherein
thelcarbonaceous material essentially comprises a carbon cluster as an aggregate of
carbon atoms.
25. The method of producing a proton conductor according to claim 24, wherein
the carbon cluster is a fullerene molecule.
26. The method of producing a proton conductor according to claim 24, wherein
the carbon cluster has a structure in which at least part of the fullerene structure

has open ends.
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33. The met hod, of 'riﬁla proton conductor according to claim 32, the

roduci
conpacti ng st em l"ﬁﬁ tep of substantially formng only the
car bonaceous - ch the proton dissociating groups are
introduced into a f or

I I}

speT | et shape. This Sheet Has Been Repl aced
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62 34. T2f& nFhbanethibdpooprotducingaprotamn camdiictoor aecombing ngot ockaim 242,
the conpacting step conprises the step of mxing a polynmer material with

|t  oaucTHORU IS oo et B Sl cABnBbth i BloRE ' S5 "900" Pelod o

produci ng a proton conductor according to claim34, wherein the pol yner
mat eri al28.s ‘&he methodofepiodndingea proted ¢onductor addondingetiohglaime?7, wherein
pol yvi nyl i dene fluoride, and pol yvinyl al cohol. 36. The nmet hod of producing

Compr i SaE WU CarBb R AL BOforl S KehickHeChbroh sflictii aRBHN uE¢

produci ng a proton conductor according to claim34, wherein the polymner
mat er i al intiodpeed isdispersedtwithinaliquidhand filtesed So as 46 formasBlm38. The net hod
of producing a proton conductor according to claim 34, which is
29. The method of producing a proton conductor according to claim 24, wherein
some of the carbon clusters have diamond structures.
30. The method of producing a proton conductor according to claim 22, wherein
the carbonaceous material comprises the carbon clusters bonded together.

-31. The method of producing a proton conductor according to claim 22, wherein
the carbonaceous material inc]udilig carbon clusters is obtained by an arc discharge
technique that utilizes a carbon-based electrode, subjected to an acid treatment to
introduce the proton dissociating groups into carbon atoms containing the carbon
clusters.

32. The method of producing a proton conductor according to claim 22, further
comprising the steps of introducing the proton dissociating groups into the
carbonaceous material, and compacting the carbonaceous material into which the
proton dissociating groups are introduced into a desired shape.

33. The method of producing a proton conductor according to claim 32, the

compacting step comprises the step of substantially forming only the carbonaceous

material into which the proton dissociating groups are introduced into a film or

pellet shape. -
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athinfilmwth a thickness of 300,u in or less. 39. An el ectrochem cal
device conprising a first electrode, a second el eﬁlmﬂmumnﬂﬁlmmon
conductor that is positioned between the first anq® iilles, the
proton conductor conprising a carbonaceous material esséenti'al fy tonpri si ng
a carbon, into which proton dissociatif®g groups are introduced. 40. The

el ect r ocB4ni Thie metliatkofipraduting at protomi woBdyctaheacsiondinge to oclaimoddudhevi ty
of the proton conductor 1s larger than electron conductivity thereof. 41.

The el ec hem. cal, dey] osdi t gcClal) LN . qa ous
mat eri al Eé@i’@ﬁﬁ’él %\7&%’3&%@%& @gcgggo%fcbﬁgﬁg Qdagﬂgﬁﬁl%gxrﬁgg%tﬁg g?i EHf;;t(rhgon
atonms. 42. The el ectrochem cal device according to claim4l, wherein the
carbon ctarbosacedtisi mattmalt inteswhichn thee protoad dissodiating 1groups 1are introduced 63
Frrrrererrerererrrrerrrrrrirtl CL Ms is a fullerene nolecule. 43. The
el ectroc ' . i'ﬁl% rdi i m41, wherein the carbon cluster
has a st?ﬁc (?Jqu}él %ﬁ“l |c%ﬁgl?l &J?E%ét%g? éof the full erene structure has open
ends. 44. The_el ectrochem cal device according to claim4l, wherein the
carbon cBst dhe method of preduciag Bpretemgenduster ageording torglaim 34 WHEFRIRi cal
~device according to claim41l, wherein some of the carbon clusters have

di amond g  fifrialiBs CHCF4sP T IRRN_ 4ENCRR FRHAT BolfHliSroel1y 18RS,
wherein t elﬁég onagfeho%réai ?n%ter%qrs'?conprlﬁses t he carbon ?I ﬂgers bl%)nded

t t her.
09t et polyvinylidene fluoride, and polyvinylalcohol.

=

36. The method of producing a proton conductor according to claim 34, wherein

the proton conductor comprises the polymer material of 50 W% of less.

37. The method of producing a proton conductor according to claim 34, wherein
_ the polymer material comprises polytetrafluoroethylene of 3 wi% or less.

38. The method of producing a proton conductor according to claim 34, which is

a thin film with a thickness of 300 £t m or less.

39. An electrochemical device comprising a first electrode, a second electrode,
and a proton conductor that is positioned between the first and second electrodes,
the proton conductor comprising a carbonaceous material essentially comprising a
carbon, into which proton dissociating groups are introduced.

40. The electrochemical device according to claim 39, wherein the ion
conductivity of the proton conductor is larger than electron conductivity thereof.
41. The electrochemical device according to claim 39, wherein the carbonaceous
material essentially comprises a carbon cluster as an aggregate of carbon atoms.

42. The electrochemical device according to claim 41, wherein the carbon cluster
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47. The el ectrochem cal device according to claim 39, wherein the proton
di ssoci ating groups are expressed by -XH wher itrary
atomor an atomc group that has a bival ent bo nabresents a
hydrogen atom 48. The el ectrochem cal device qmnwi‘“@!ﬂlﬂﬁ 47,
wherein the proton dissociating group$3are express " * - YOH where

Y i s an @rdofullezene miadecude. an at onmi ¢ group having a bival ent bond, and
where O represents an oxygen atom 49. The el ectrochem cal device

accordi ngato ' ' s s ' ¥ ath g cted
From t herd opechedeltjeatadyibg acBeif o SRR Bt i 1t AR CIa

50.. The el ectrochem cal device according to claim39, wherein the proton
di ssoci akasaysignctupe immthich st teastpart of the fullergne structure basopeagsds i n t he
carbonaceous material. 51. The el ectrochem cal device according to claim
50, whergin : hSoiShe . s | '

U T TP o qRdcHRipicdl evihaBbotdite BS S AuBerein the hftor sttt
group consisting of_nitro groups,. carbonyl groups, carboxyl groups,
nitrile rowbylargarhonacgongangetabs, and hal ogen atonms. 52. The

el ectrochem cal device according to claim39, wherein the proton conductor

essentiaj$y THESERCHoeheri] Ca6VIEs ARBYEInERIG dlAim | 41,0wHer6H sbMePbPithe

carbon clusters have diamond structures.
46. The electrochemical device according to claim 39, wherein the carbonaceous
. material comprises the carbon clusters bonded together.
47. The electrochemical device according to claim 39, wherein the proton
dissocjating groups are expressed by -XH where X represents an arbitrary atom or
an atomic group that has a bivalent bond and where H represents a hydrogen atom.
48. The electrochemical device according t‘o' claim 47, wherein the proton
dissociating groups are expressed by -OH or -YOH where Y is an arbitrary atom or
an atomic group having a bivalent bdnd, and where O represents an oxygen atom.
49. The electrochemical device according to claim 48, wherein the proton
dissociating  groups are selected from the group  consisting
of -OH, -OSO;H, -COOH, -SO3H, and -OPO(OH)s.
50.  The electrochemical device according to claim 39, wherein the proton
dissociating groups and .electron attractive groups are introduced in the
carbonaceous material.

51. The electrochemical device according to claim 50, wherein the electron
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di ssoci ating groups are introduced. 53. The el ectrochem cal device
according to clai um [ ﬂ proton conductor conprises the

car bonaceous matemmll ﬂlmw“m e proton dissociating groups are

i ntroduced and a pofynktr 'mat"eri*al * 54. The el ectrochem cal device according
to claim53, wherein the polymer nmategial has no el ectronic conductivity.

55. The ectrochem cal deyice, accaordin cl al m. el.a.Lhe mpgrrer
mat eri al? 4r§°té‘fe BICURS affe S&Yﬁ?ﬁe"s %cgﬁt 195% po%%‘@%%l gri‘é& g ’

pol yvinylidene fluoride, and polyvinylalcohol. 56. ' The electrochen cal
devi ce amelomlngroups ctarbox§Bgrovps; aitnile proppstaiky] hakide: greups; amdrhalegen he
polymer material of 50 wt % or | ess. 57. The el ectrochem cal device

accordi g to claimb53, wherein the polymer naterial conprises

pol yt et PPor oet hyl ene of 3 wt% or | ess. 58. The el ectrochem cal device
according to claim53, which is athin filmwth a thickness of 300,u in
or | ess.5%9. Thieeekictrochemicali devicéeaccarding dodiclajm 3% whergio, thi, preton t he
first electrode and/or the second el ectrode are gas el ectrodes. This Sheet
Has Bee l.ace : r h iR '
accordi ng ﬂg c@a&%%%?é%ﬁlﬁteﬂef ??r&oﬁgg?@éte}l%g%?ﬂn fgﬂlﬁg tg g?ggg&l

el ectrode are el ectrodes including active materials. 61. The

el ect r oalissriciatingi gvoups aredotradueed.o clai m 39, which is a fuel cell.

53. The electrochemical device according to claim 39, wherein the proton
conductor comprises the carbonaceous material into which the proton dissociating
groups are introduced and a polymer material.

54. The electrochemical device according to claim 53, wherein the polymer
material has no electronic conductivity.

55. The electrochemical device according to claim 53, wherein the polymer
material is at least one kind selected from polyfluoroethylene, polyvinylidene
fluoride, and polyvinylalcohol.

56.  The electrochemical device according to claim 53, wherein the proton
conductor comprisés the polymer material of 50 wt% or less.

57. The electrochemical device according to claim 53, wherein the polymer
material comprises polytetrafluoroethylene of 3 wt% or less.

58. The electrochemical device according to claim 53, which is a thin film with a
thickness of 300 £¢m or less. |

59. The electrochemical device according to claim 39, wherein the first electrode

and/or the second electrode are gas electrodes.
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62. The el ectrochem cal device according to
hydrogen-air cell. 11111211 1122112 10000 01
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claim39, which is a
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60. The electrochemical device according to claim 39, wherein the first

eléctrode and/or the second electrode are electrodes including active materials.
61. The electrochemical device according to claim 39, which is a fuel cell.
62. The electrochemical device according to claim 39, which is a hydrogen-air

cell.
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