;e3e[[$\>6t T 7 January 2004 1 DESCRI PTI ON PROTON CONDUCTOR, PRODUCTI ON
METHOD THEREOF, AND ELECTROCHEM CAL DEVI CE USI NG THE SAME! T&ghwairgak0@i el d
The present invention relates to a proton (H+) conductor, a production

met hod thereof, and an el ectrochem cal 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 polynmer material having a proton (hydrogen ionic) conductivity
such as a perfluorosul fonate resin (for exanple, Nafion (err) produced by
Du Pont). As a relatively new pr DESCRBNJGHNor, there has al so been known a
pol ymol ybdat e having | arge ambunt of hydrated water such as H3M12PO4o

29H20 OpPROTON decd)NDUg:mRar FROPUCTION NWMETHODVATHERECF,as ASPS 06
5. 4H20 The above-descri bed pol yner material and hydrat ed corrpounds each

e EHRBICHEA GNPyt Condict 17 2

Technical Field
The present invention relates to a proton (H') conductor, a production

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

Background Art

~ Inrecent 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 perfluorosuifonate 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 H3;Moy,POy0 ¢
29H,0 or an oxide having a large amount of hydrated water such as Sb;Os *
5.4H;0.The above-described pdlymer material and hydrated compounds each
exhibit, if placed in a wet state, a high proton conductivity at a temperature near
ordinary temperature.
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7 January 2004 2 For exanple, the reason why the perfluorosul fonate resin
can exhibit a very high proton conductivity even at ordi farfanuenpez@idire is
that protons ionized from sul fonate groups of the resin are bonded

(hydr ogen-bonded) with noisture already entrapped in a polymer matrix in a
| arge anount, to produce protonated wgter, that is oxoniumions (H30+),
arid the protons in the formof the oxoniumions can smpothly mgrate in
the pol yner Fat examplyr ther ason why the perfluarobdéonate s tesievedro padaiit pa ot on
conductor having a conduction nechanismquite different fromthat of each

of the g§ ﬁighe fotbREnBE ALALY 60aHYEbRIifiary RMpdratur® i that protonddohized found -
that a corfposite netal oxide ‘having a perovskite structure such as SrCe(3

doped wi.th Yb,exhjbits a ton condugt | yj ] t f i as a
i or at | SOl ERler BB B Baiath ahpdbd (pUiealibdiRedl AR oG
has been considered such that protons are conducted while being singly
channel alfeady wotiappsg dera pehymeromainiy in a large asnownt, 4o Predper, Pretopated
structure. The conductive protons, however, are not originally present in

the conpased, ehaisabxeniuge idhy (IO )paadubedproorshin fie! form of the cxaniwm
nanely, when the perovskite structure contacts the steam contained in an

environ ] %ql] es at a high tenperature react
W th ox%@&eﬁgggﬁ?%fght?gﬁéh%ﬁé&m avgﬁ €en forned in the perovskite
structure by_doping Yh or, the like, to 7 Janyar 004 3 .gener,at e protons.
The above- dedoiepEsgeptly; tigse g‘flﬁtb@ﬁn@éﬁﬂéﬂ’%‘f’g? %M@P,C‘ﬁ?&@&p‘i’ﬁ@vﬁ%&%m ng
probl enms. The matrix material such as the above-identified .

per f | uorcondiiétiorn neechanism ruite Bifferent fromotbat of leachofi theaabovg-desaitady wet
state during use in order to keep a high proton conductivity. Accordingly,

a confi gyohl @hdaktdkssystem such as, a fuel cell using such a matrix
material, requires a humdifier and vari ous accessories, thereby giving

152 PLODHSIE 4 geB 2P 109, 405, RS ot 4 BpupeaeRRn] HRe MRS €O

that t h%c;gvns?c?teosftructure such as SrCeQ; 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 p;escnt 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



the operational tenperature nust be limted for preventing the freezing or
boiling of the noisture contained in the matrix. The conppsian@afgt2d0oXxi de
havi ng the perovskite structure has a problemthat the operational
tenperature nust be kept at a high tenperature of 500 C or nore for
ensuring an effective proton conductiwity. In this way, the related art
proton conductors have the problens that the atnosphere dependence on the
per f or nERARRIALT PIOARRS. conduct or beconmes high, and nore specifically, noisture
or stream nust be supplied to the conductor to ensure the performance of

t he conduct oTheantbokesdeseribed headoey apioror! copdipsont uhewelet,hchavendhetor is
excessively high or the range of the operational tenperature is limted.

7 Janua ] osure of the Invention A first object of the present
inventig%i]%gﬂl%)ﬁﬁor%gglﬁé'e a proton conductor which is usable in a w de

t enperat ure TheoMatrie iHsteridl @uch RArthet she-RicntiCiednserfladrssul fonatd pEsipher e
dependence, that is, it requires no noisture despite whether or not the

conduct Gpist b sCnBnibld alhced 4 b Bichi Wel sk A8 € hat HERRRL B EREa DY ot on
conductor. A second object of the present invention is to provide a proton
conduct bigh proton conductivity. : ‘
Accordingly, a configuration of a system, such as, a fuel cell using such a
matrix material, requires a humidifier and various accessories, thereby 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 operational 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-described
performance, to be thereby usable as a thin filmhaving & Waghasyrzmth, a
gas perneation preventive or inperneable perfornmance, and a good proton
conductivity, to provide a nethod of producing the proton conductor, and to
provide an el ectrochem cal device uging the proton conductor. The present

I nvention provides a proton conductor conprising a carbonaceous materi al
essentially conprising a carbon, into which proton dissociating groups are
i ntroduced. The present invention also provides a nmethod of producing a

pr otldisclosude of the Invempionsi ng the step of introducing proton di ssociating
groups into a carbonaceous material essentially conprising a carbon. The

present i ' ' : ' | SR a
i rar ol dairatobfeePLf e hRXLACmERUBNTE S BESARE e LERaGABE WiF]
positioned 7 January 2004 5 between the first and second el ectrodes, the
pr otid isablednc vride temppeeature rangerinchulieg ordimaty temperasuierandhas/a dowpr i si ng
a carbon, into which proton dissociating groups are introduced. According

to tdi‘ﬁxo@?ﬁéfé”d ﬁEQrH@ft i d:‘lg 59@1?&8&}105%%%1‘}:0 sg?ﬂe%ﬁefﬂ%? dr U UnEC"

essentiarly conprises t naceous materi al ving a proton

di ssocj ating capability, protons are easily transferred or conducted, even
i n dnejisfure is a migration medium; to provide a method of producing the proton

conductor; and to provide an electrochemical device that employs the proton
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
performaﬁce, to be thereby usable as a ihin film having a high strength, a gas
permeation preventive or impermegble 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 invention 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




state, and further, the protons can exhibit a high conductivity in a wide

tenperature range (at least in a range of about 160 C to/ -&@uacy 2¢e4

i ncludes ordinary tenperatures. While the proton conductor of the present

i nvention has a sufficient proton conductivity even in a dry state, it can
al so have a proton conductivity in & wet state. The noisture may cone from

t he betwsdedethe figstr sidigedand BRctlodes, tikhepiatah deonditof tbmppisaenta
i nvention, since the proton conductor is held between the first and second

el ectrodes, the el ectrochen,c devi ce can elimnate.the ed faor, a
un GRDOBACSON ataralo eapttially: cCombBstR At iRty et iED) 1oty
require noisture as a mgration nmediumso as to enhance proton

conddissoviating gibepefam mtréodircedevi ce construction of the present invention
has an advantageously snaller and nore sinplified construction. Brief

De I pti f . he Draw Fi . <1 d ' i NQ. t
of & pol yPpeREdiREat St Praioan Eondrdef ¢ JBe chBsEaC By B C¥indei lire ™ ©
derivative of the present invention; 7 January 2004 6 Figs. 2A, 2B, and

2C i tonductat eesseatipllgs coiprisesf thd ecarbenaerdusatmateriiaht hawinigcta protam
di ssoci ating groups are introduced; Figs. 3A and 3B illustrate exanples of

Lgh{)glfsgﬁﬁi&'f@:gegéﬂpaﬁ%{igg ' ShotShs> A BastiiA ISR rla 6RCBRBuGLHS EFES it SOaRY ' al 1Y
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;



conductor of the present invention; Fig. 5 shows further exanples of carbon
clusters that have partial fullerene structures; Fig. 6 shdasustyl30d4urt her
exanpl es of carbon clusters that have di anbnd structures; Fig. 7 shows
addi ti onal exanples of carbon clusters which are bonded to each. other;

Fig. 8 is a schematic view of an exanple of a proton conductor of the

present invepfdsormAFi2B, dnds2@ Hifsemed ecamplesiafuhatfullerencederistativerigta f uel
cell; Fig. 1077s a schematic configuration view of a hydrogen-air cell;

Fig. 11 is.a schematic, confiquration, view of an el ectrochem cal device;
Fig. 12% Clhpé‘ﬁﬂ’éHE?SPE‘&@Bgfgrgﬂp%?lieo‘rqtr\S’ldgﬁF(gf anot her el ectrocheni cal
device; Figs. 13A and 13B each illustrate exanples of tubular carbonaceous

mat eri al s of Figse3pr mstdB illosteatei exangdesheffullereneamoleqdes;al s of the proton
conductor of the present invention; Fig. 14 illustrates a tubul ar

car bonaceoungL‘ggﬁ Vs g%ﬂl&/?ég}d‘ff%a‘?f)oﬁg sgél@%%%ntia SdthPAsing ih & phetany 2004

Fig. 15 is a natirc vie e tubu car bonaceous nateri al

derivative; Fig. 16 is a schenntic view of another tubul ar carbonaceous
mat er i aponductor of the present 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 protdn 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 configuration 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;



derivative; Figs. 17A and 17B are di agrans depicting equivalent circuits of
experinmental pellets used in the inventive exanple; Fig. 718ansany g
showing a result of measuring the conplex inpedance of _ a pellet; Fig. 19
is a graph showi ng a tenperature dependence on the proton conductivity of
the pellet; Fig. 20 is a diagram showrng results of the generating
electricity pﬁgpqrsi Ken§chemaitt vieev bokheerudutarder i vedrbymadeous nventmateridk anpl e
1, Fig. 21 is a graph showing a result of measuring the conpl ex inpedance
of a pellet in Inventive Exanple 4 and a pellet in Conparative Exanple 2;
Fig. 229$EVai¥fianh showi ng a tenperature dependence on the proton
conductivity of the pellet; Fig. 23 is a graph show ng a TO~- M spectrum of
a carbon povBig. b6 osuaeschematic ariewdof cimmtier tutades cagbonagequs anpiesial

el ectrode in Inventive Exanple 8; and Fig. 24 is a graph that depicts the

rreasureﬁgﬁ‘g tﬁ{je'a conpl ex i npedance of a filmused in an inventive exanple
I n which a ?u Ul ar carbonaceous material is used. 7 January 2004

Figs. 17A and 17B are diagrams depicting equivalent circuits of
experimental pellets used in the inventive example,

Fig. 18 is a graph 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 isa 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 méasurement of a complex impedance of a
film used in an inventive example in which a tubular carbonaceous material is

used.



8 Best Nbde for Carrying Qut' the Invention Hereinafter, a proton conductor
and a nmet hod of producing the proton conductor to which ttheapueserioo4

i nvention has been applied, and an el ectrochem cal device using the proton
conductor will be described in detail with reference to the acconpanyi ng
drawi ngs. A proton conductor according to an enbodi ment of the present

I nvention essentially conprises a carbonaceous nmaterial essentially
conprising a carbon, into which proton dissociating groups are introduced.

In this_description, "dissociatijon of proton (H+)" neans "di ssociation of
pr ot on BP@?M:OGHJPI &ﬁéﬂyl% @J‘ééﬁ‘?i{l"r@ég‘@f‘i on to ionization", and "proton
di ssoci ati ng groups" neans "functional groups capable of transferring

protons in rHagdih@er, ta iproiotaicondictot ramsiuahmetippdtadnprostuding ¢he protatons are
m grated between the proton dissociating groups to manifest ionic

conductivity. the fullerene. ' ' 41 | be
ised prEvidHsofRapifcn e bR HEBAL b beAlkpiied, Yo aul BcElibBheriRAL 12
that ion conduction after introducing proton dissociating oups i s, | arger
than el devicomsingthecpioten cohdudtar MaHebredessribedtinidetail svigh ﬁ%{ef‘?@?eftﬁlth%r ene
derivative, may specifically be enunerated by carbon clusters, as

aggr egah&shiRpariAhl Mawifg®. and a carbonaceous material containing a
di anond str tﬂt}?eg There are a variety of carbon clusters. O these,

end, “and 2 oér BiaRCaTaEIR AofoTaile ERR erfbSBflent be the'PleSthi ifveffloRPer
essentially comprises a carbonacedus 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 dissociatiﬁg groups” means “functional groups capable
of transferring protons in reaction to ionization”.

In such a proton conductor, protons are migfatcd 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 matrix fullerene derivative, may 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



9 material, or so-called carbon nano-tube, are preferred. These materials
are, of course, nerely illustrative, since any suitable muUenuatyvioozh wil |
satisfy the above conditions that ion conduction after introducing proton
di ssociating groups is higher than electron conductivity. In the .

follow ng, certain typical applicationof the present invention to

exermpl apy alb PAEEOHd B ok hind Rt Rk pRgEed rst. an exanple of using

full erene as the carbonaceous material is®explained. According to this
enbodi ment, the kind of fullerene nolecul e or, nolecules,used as a, hase
materi al for [hase fmplegial argealy s0usse, teighy chlustiative, §Inceoanyt F“ﬁatlgf’oups
are introduced is not particularly limted insofar as the full erene

ol ecul gfatérisl GORICAC il Zzadshs theSBBEVE calndidomonthel usheconductirbaoatter
clusters that generally include the C36, C60 (see Fig. 3A), Coo (see Fig.
3B), C 6, C

Chai o Mg el diSsostineeioupt it R (L AEMA AT conty NI o oo™

nol ecul es may al so be used as the base material of the fullerene
derivative. Thdheufdlleveing, mertadinltypicat dpplication ofhtherguesenpeinvenvionitoa beam
of a carbon cluster created by |aser abrasion of graphite in 198S. (H W

Kyot o, X‘(@é@?@?ﬁ%@cﬁeﬁ’%g‘ﬁ%ﬂ?m“ &u}%l'i:iine@“”l and R E. Snmall ey, Nature,

318, 16 produci ng the full erene nol ecul es by arc

di scharge of carbon el ectrode was tablishedq fiv ears later in 1990.
Ever since tHAdSbs@BHEXS tOfgf“S!ﬂfe @&&n%é‘ﬁ d’@glf‘%/‘@ﬁeﬂ‘éﬁ h@a{er{aﬂels

full erene nol ecul es have
explained.

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 molecules
are characterized as a spherical carbon cluster or carbon clusters that generally
include the Cs6, Cqo (see Fig. 3A), Cyo (see Fig. 3B), Cys, Crs, Cso, Caz, and Caq
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. Cusl 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



7 January 2004 10 becone a focus of attention as a carbon-based

sem conductor material or the like.. The present inventi nJaasammnidpddl y and
advant ageously exam ned the proton conductivities of derivatives of these
full erene nol ecul es, and found that a pol yhydroxyl ated full erene obtai ned
by introduci ng hydroxyl groups to a njnber of carbon atons of a fullerene
ol eculige OfndOL e¢bRS 6 Nhddirithn C4eNa | Ratholastli Bethicandibr Bista or
conductivity in a wde tenperature range 1 ncluding an ordinary tenperature
region, that is, a tenperature range fromless than the freezing point of
wat er tthedikee than the boiling point of water (at least -40 Cto 160 OQ),
and further found that the proton conductivity becones hi gher when

hydr ogensul f'lih@gﬁa%ﬁf ineAtivf ,haaaﬁﬂLme,ly 2ABAdvhgragemssly @xemined drtupmeton i n
pl ace of the hydroxyl groups, to the Tullerene nolecule or nolecules. To be

nore specific, .the pol,yhydroxyl ated fullerene or, fullerenplg| ric
nane ofcoélci‘iffllvétﬂ%‘n ) bgéﬂﬁg&%(?gnﬁ‘etsﬁa lf?égncd Igf’]reﬁgleﬁr ear{hﬁ %ﬁ%ﬂt@?%
plurality of hydroxyl groups are added to the fullerene nol ecule or

mol ecul pslyhydsdxylatedrfufiegene dWtaired W inidbdecingdy drokyhgrapsdera nymbes
nunber, arrangenent, and the |ike of the hydroxyl groups of the fullerene
mol ecul; s i &xhibid, eventiiasds suapl e of
t he poI§%§§$§§f¥gﬁgngﬁﬁﬁgﬁgﬁ%HﬁggaggéﬁqﬁgggyggdX%yICﬁiangﬁ et 21. in 1992.
(L. Y. Chiang,

. J. W Swirczewski, C, S. Hsu, S. K Cho ur S, ron
and K. &highgaioton candaptiviiycin anwide dempgriture; fajige 1’53%1})‘@/ ap ngg%s
report, the pol yhydroxylated full erene that contains a specific anount or

mor e of tefgerands exgiongtinyis anempeestarerangedom less thah thefteezingpoiat of

attention, particularly, in terns of its water-soluble ability, and has
been studied mainly i I o] o) i i.el goo e ogidRiHhert he
pr esent"Viah?fgﬂtlp8’?1‘i %&B%%U%ﬁ égc;@@gr?(ka‘gﬁ %’f}@!} l%{sfﬁiﬂ? edr:g%glage??\/%% Ive hcezgn be
formed froman aggregate of the pol yhydroxylated full erene nol ecul es, as
schemat famid yhashthenprator epndmativity gmome& ﬁghﬁydwbﬁwhlgfreaﬁ%ﬂ{%?at%ef‘éwfof

t hese nol ecul es adj acent to each other (in the figure, O designates the
pol yhydgfliﬁﬁsiihﬁﬁleﬂdjd,| lzsegH peUhR) intiduesd cimcplact kfrthe tyelredyl goouphj t i ng
a high proton conductivity (that is, a high transferability of H+ between
t he phepol,i ¢ droxvl ., gr of pol yhydr oxyl ated ful | erene nol ecul e or
nol ecul Eosih%%fwetﬁgl%ﬁggﬁm%aépgﬁat e of the polyhydroxylated fullerene
mol ecul es. As the proton conductor.in this enbodi nent, theﬁagggﬁgate of
ful | erene nollecbeemarpespacifigathe golphydrenslated fullerens O&y el
plurality of -0OSO3H groups may be used in place of the aggregate of

pol yhydpexstitminé Wi & AllR:roRd-Basdde Toafpdundy tiitshas di siustaeel. inTvhich a
ful | erene-based conpound in which the groups are replaced wth the

- OSO3H gf ou as.show in Fig. 2B, t, i3, 0 = \f hcat ed
Ul or cBISBL A IARORA ertyisoepddiftial s B SCRETEHIE UrdBRaie be
Chiang, et al. in 1994. éL. Y. Chiang, L. Y. V\angil J. W Swirczewski, S.

Sol ed asbio®n iBaRigsod A and @B). Ofceursy withaesgechda the nymberppEangeIneyys

pol yhydroxyl hydrogen sulfated fullerene may contain only the -(OS0O3H groups

or cont ghg the HKESF tHe hydiBxy sIsfohRSfufleferié Moléxile,fomd ahiutionsghn
gr oups. 7 January 2004 12°1n the case of preparing the fullerene

depi vatjve of ,{he, prgsent jnventi.on, an.aqggrggate of. a_|

Ful| or chE cagsideaed~e e et FULEHS ExeBIMaTR R EoRoasRyy AR AMICTERE bkysyy
groups or conbinations thereof is prepared. Since the protons derived from
~a | ar gebeenusponéd ydChiang, et alipm 9992.GRO3Y. GHoang br c dwirazewskis G-her eof
that are originally contained in the nolecules directly mgrate, the proton

conduct k¥l t Yo Ofy t r @g tihe ren e e Hetn.

sel f-de M %‘e&‘w@‘ﬁ%‘h{r&é S’rjl}egéﬁ%?&gn rdagenbﬁe%&i@djﬁ ogggmr'eggf:’t Fﬁgﬁ% rom
steam nol ecul es or_protons from an atnosphere and al so mﬁtgqﬁﬁ t he gﬁgd of
supply €omamar., 179h E9P92)). cSinge thivireparteibe pedyhydioxylated fullerens, thals
absorption of - water or the like from atnospheric air. In other words, the
proton laVddeli ROk 6f fe hydrokyl | haebeednk efomsaful es
t hat co%tgglfugﬁ% lﬁegl%‘%lnfg f‘%{@“@g’?éﬁg‘? i@fsﬂ{not%ﬁ myt ggé‘glg/pt he environnent al

at nosphere. Further, the fullerene nolecules as the base material of the
full erene derivative particularly have an el ectrophilic property, which
property may all ow not only the -0OS03H groups having a high acidity but

al so the hydroxyl groups to largely pronote the ionization of hydrogen.
This is one of the reasons why the proton conductor of an enbodi nent of the
present invention exhibits an excellent proton conductivity.



According to the proton conductor of an enbodi nent of the present

i nvention, since a |large anmount of hydroxyl groups or -OS03kngaowpEsodr
conbi nati ons thereof can be introduced to each or a nunber of the fullerene
nol ecul es of the fullerene derivative, the nunerical density of protons
related to 7 January 2004 13 conductjvity per unit volune of the
conduct cone | ar ge, SQR; t Mren
conduct [teﬁﬁo?,hpgrtgc%% %ttegéﬁ |t]sﬁs Z‘&Q%P ? ‘{tﬁélegggw%c??gl ?{‘519 Si nce the
full erene nol ecule or nol ecules of the fullerene derivative of the proton
conduct studied naislycimsbe bistachnolegissbfield.or substantial Iy conposed of carbon
atons, the fullererie derivative is light in weight, not easily deconposed,

and |, rel at i vahyapUiBbodiifint] the rtledénit ventione hed mewiyamdisvovesed hhat Ry
negatl vely rrpact its desirable prot on conducti vi ty pr opertl es.

addition, the c that is require produce th [ e has
been rafiHeseneq F@GIVCAE%rQﬁ g@ﬂ“}f‘ tf?%nfi‘ﬂla&gé‘?ﬂé’t%eq'fl P§@wéwg{r‘ég\éarded
as a desirabl e carbonaceous material based on resource, environnental
econom qullerepiehmiolstedds; il scheansicdlyadtioms iasFigr: @A pirsiwhighstheskydroxsl a
result of the present invention, |t is further discovered that the proton

di ssociatin u S dISCUS above n | e drooxyl or
- OS03H fgIHEl%’?(ﬂ#g iE)‘81r &%pglc €‘romﬁ %ﬁ“s a\éﬂé:&f‘ ?8 g%%eogégtgi g[llssi(:% g’t |(%S
groups can be expressed by a chemcal fornula of -XH where X is an

arbitr ardesiagmmewtheap@?l@cum@ylatdahfullgcnc hivekicald) dwnal each dthet,htherehye
group can be expressed by a chemcal formula of -OH or -YOH where Y is an

arbitrar 0 r t i Gekween t he
o ot on dreEbEffed nBEplsiet cﬁﬁguﬁﬂlkﬂﬁh%r?g EL L IR vt

- 0S03H, and -COCH, -SO03H and - OP 3 function Acc rd| ng to
this enbei Pbm(ﬂloelhé’d!@’@ﬂ ELOUREC v@)egp@bﬂy tg&ﬁﬁte&g UFEW ulgu gty
2004 14 groups, carbonyl groups and carboxyl groups, nitrile groups al kyl
hal i de gnewruléy) Rallaethettilk Of! yg)%negeteorofc bher polghndrors)latedy fislerene
preferably intrdoduced together with the proton dissociating groups, to
carbon atao f the fullerene nolecule or nolecules. Fig. 2C shows a

full ered@° ﬂ%ﬁ“g Sule to which Zis |ntroduced |n addltlon to -C]—I wher e Z

represents at | east one of the -NO2, - ﬁﬁ(l]?
or - SO3CF3 (RA sthanpretarycogdugior il Huis rqmba@tmattt |tb‘é a@ﬁéﬁ%ﬁ‘e % ﬁé‘e
presence of the electron attractive groups in addition to the functional

groups, jinblécul@PGhefdih cAERRISniMbEE of ehearddcdleotmvtia plurlity ofi €390QsH:t i ng
groups and be transferred between the functional groups by the el ectron

attractive effect of th legtr r t e
embodi meFCUPP h@aﬁuﬁﬁeﬁlse@f %11 réltaﬁgo?tam%%%%é?l%gg% ps g%m%e f?}lg? |y

sel ected insofar as it is less than the nunber of the car bo at o the
ful | er enmohesdes e poeviouslycdiseussednd Theefullesens based compoun an\éiﬁslﬁlﬁ
groups or nore. To keep the (err) electron characteristic of the fuIIerene

mol ecul egipigr ﬁ§9 a¥d P%)lh&lﬁi Hfifte ehé VOSO T tgronpatat show we Fipi 12, that s a
nctilo

nunber of f naI roups is nore preferably half or |ess than half of

t he nunbger ,of car I

Syt hoo BRdRenSiAte- i Eieated Rilgtens RTvARAGRY) By Blodly ftitied fulldken
conductor of an enbodl ment, as wll be described |ater with refere ce\yto
exanpl eswasdesspoetdpbyt Ghiatigs setcaht imd %douds MayChiangatkodlic darg darWon
atons of each or a nunber of the fullerene nol ecules of the fullerene

der | vatl YGifeSit 28! Safedf R S Caferoie). Okd. CCReR. 'BY, SR60°EL9)knowihe

treat nen SUC acl treatnment and

molecules of polyhydroxyl hydrogen sulfated fullerene may contain only the

-OSOsH groups or contain a number of the -OSO;H groups and a number of the

hydroxy! groups.



7 January 2004 hydrolysis suitably in conmbination. 15 After treatment, the
powder of the fullerene derivative thus obtained can be CGodpaecimd 20080 a
desired shape, for exanple, into a pellet. The conpacting of the powder can
be perfornmed w thout use of any binder, which is effective to enhance the
proton conductivity and to reduce thel2nei ght of the ,prot&g mndbﬁ% Qf4

resul ting i n[nﬁ iRl dase et epiaparingatthe ulfslierene aldeyIvabNe ai & PUEr ene
derivative. The proton conductor in this enbodi nent can be sui tugbl %/hl{sed
for various ,electrochen.cal, deyi e dei@apivesamieduleeaton can
be pref W&Bﬂ?na%lqg&ieg%eaq %ﬁ%ﬂgt%re%lgﬁg%r 85@3?\??% havi ng a basic structure
that includes first and second el ectrodes and a .arot.on g‘%qufﬁgﬁe Lg.
t her ebetygath thatieydrory! groups o o SEdxkl BEQURS 1LY AIVENIRZES pr ot on
conductor in this enbodinment. To be nore specific, the proton congéc]talgr in
this emjodi mant Bﬁ&gngq{eﬁfv%?efrem ¥ Rpg¢ iagtbume afhpdreayt @raups <Al -@eske in
e e

whi ch a1, 0 Irst and Second el ectrodes is a gas el ectrode,

or an el ectrochem cal device in ich at le o) frelinh fhe Shotsetlesecond
el ect r oggeupss oAncBbINAHOAS PFf&é\gﬁlaﬁ&’%i?{éS‘?g@,y ‘gﬁ‘tg@gﬁm e in which the

proton conductor in this enbodinment is applied to a fuel | w |
descr i beflreHiydmigiates the pritomebndudtivty ofitha bigkiore gareayf gﬁ&fﬁ“ Leége)‘?%f t he
fuel cell 1n"whith a proton conducting portion 1 is held between a_first

el ectrode (fo eloélasrrﬁlt_ &3 &lggm’rg?q&ﬂhg‘hq%r@@g)ofjemgmmefdrytdlregett%@li@l%f or

exanpl e, MBEFY erein protons dissociated or transferred in

the proton conducting portion 1 nmgrate fromithe fir : decdbbfle to
the secofigmesteamr motecBles erepratenfylropean a&ng%&? 9£é6855l) ﬁiln?{e\dcd'cft%ns hown by

an arrowin Fig. 8 16 Fig. 9 is a schematic view show ng opee eésaor}B{ignof
the Tuel bl JfSUA8r Edn an external environment, particularly, the need of

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 atmosphere.

Further, the fullerene molecules as the base material of the fullerene

derivative particularly have an electrophilic property, which property may allow

not only the -OSO3H groups having a high acidity but also the hydroxyl groups to

largely promote the jonization 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

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




proton conductor in this enbodiment. The fuel cell is configured such that
a negative electrode (fuel electrode or hydrogen el ectrodeyaudny @00#n
which a catalyst 2a is closely overl apped or di spersed and which has a
termnal 8 faces to a positive el ectrode (oxygen electrode) 3 to or in
which a catalyst 3a is closely overl apped or dispersed andlgv\,hi chn@lgsl a
t er mi nal apg oL, aRt GMgmet iofigtheorcanductoriReaeanes YHEr 8t ween. Cpon
@d tyae;er . : . .
use of FREYGEIC I, hydrogen is supplied froman inlet 12 on tfhe negative
el ectrode 2 side, and i s dischar blodimam éxtibith aneifehiFei nes
not prowahadgy f@@ﬁ@h\é(gbiégStHW@ne‘F‘%@@Fggngtﬁgsi g‘g. During a period in which
fuel (H2) 14 passes through a fl ow passage 15, protons are generated. The
pr ot ons dg'hg{l@ﬁﬁty.oget her with protons generated in the proton conducting
portion 1, onto the positive electrode 3 side, and react wth Qx%ggﬁbéai r)

19, whi ch has,.been s Led. | f| npRsbgeofl The fullereme derigatIv f1 ows
toward an outsﬁlBFc_’L ,ﬂﬁgérgg%gr“gfgula desired el ectronotive force. According

to the fuel cell having the above configuration, siBs@ntifiey doahposed of
gener at ggtotan tdoadpetor om this quebe %r% OW%%{I% 8%3“29 {loge her with the
protons supplied fromthe negative el ectrode 2 side, onto. h% 8&%@%%@ '
el ect rodgqrﬁoﬁiaq <t iR PEIRSrene Qleridative s tighsaporredeit gAbFASIAS OF-FEsurt,” it
is possible to elImnate the need of any humidifier or other mter@;&g{rce
or other external mgratj.on .redj deBE e cotastinmhtis fthat meay S&EH tion
of the syrd aplatiygly é’g'(‘i%’e htaﬁés\/\géllgﬁagfﬁt he system 7 January 2004 17
Anot her enbodi nent of the present invention wll oid ed kst ehat is
Anot her aeti e desirabldi pmmmnﬁueﬁm%é’fﬁl’%‘g&ﬂt i%gg?t?n%ﬂﬁt in that the
above-described fullerene derivative is used in conbjnation,w thlo%v&ghyrrer
nt )

mat eri al . e ot Faletencordarivative sbaonBe@hpiR!
FqHEL °fg,  PRSIRCD 8

essent i aff sanme proton conductivity features of the present

enbodi ment. A second praton conductar i oo flenbas nriekirabletcarbanacseus
above- dedeqasdinglyy ‘Ihériré‘ﬁ@r‘?ﬁé’r Vé‘fa}q}je% Tlhgtl%ﬂv%ach proton di ssoci ating groups

are introduced in carbon atonms constitutin ul | er d fneo! gegirable
mat eri al .;mdfagiapobuset ont acsmtcmycm@fme‘%?{vd eﬁonﬁ\%ﬁékiadr%ds or nore known
polymers having a filmformation ability. The content of the polyner

material is g(ﬁ%gtr?ﬁg %(giéfég?\ﬁ%l?rdiédﬁ&d.'f the content is nore than 50 w %

t he prot SPIEEIRATETTS the fullerene derivative may degrade. Since the

second proton conductor jp this ' t 4G Thpile disvevérdd thattke proton
derivative, itASanrey i‘b‘i!{i‘eaprﬁf’%ﬁor@gggn u’c!tti vity conparable to that of the

proton conductor of the present enbodi nent. i | r PHALOSO;H n
the preseaissesibtiflyproups; astdiseyssed 8bPye, g mﬁ%ﬁ%‘igg%}%ﬁ‘gﬁ‘ge is used as
a conpacted powder as descri bed above, the second proton conductor in this

enbodi ment. _havi id mformation ability derived fromthe polyner
mat eri al %"H?f% é’qgggodjﬂaé a flexible proton conductive thin film havin

a
| arge strength and a gas i rmeabl e ; gﬁﬂgr@h b¢ I&ﬂptdsSQﬂ(ga's% of
t he proton cona‘wcbﬁ\mol%mf’wﬁ?’%spr?&%{ g%%éw’lugggg

-XH where X is an arbitrary atom or atomic group having 2

chemical formula of

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.

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

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

| According to this embodiment, clectron attractive groups, such as, nitro



The kind of polymer material is not particularly limted insofar as it does
not 7 January 2004 18 obstruct the proton conductivity7asafugty @904

possi ble (due to the reaction with the fullerene derivative or the |ike)
and has a filmformation ability, but may be generally el ected from

pol ymers having no el ectronic conductigqity and exhibiting a good stability.

Exanpl es_of the I J e fl h Vi Axlidelene
fluori c@?ugﬁdcﬁl@%ﬁr%ﬁégcﬁﬁ%#%@ﬁr 52@%8’ ml"@ﬁg% rlsﬁgsr’eﬁ}llﬁene,

pol yvi nylidene fluoride or polyvinyl alcohol are ,suitaple for tge second
pr ot on grongsior halagentAtomsdfilveingmtichiptine ptoradgnay BeP1sErably HHOPEH on why
pol yfl uorethylene is suitable for the second proton °~ conductor is that it

has a goadifel | WithomEbl8n alistddixtinE\@Bupy, ffdaitnpatomhs wir dehfillberend o t he

full eteng erivative Pn an anmount stal |l er than that of another pol yner
material, it _is possible to_gasi] orm a in filmof S r:at on
conduct Bolegle Ry Molseyles.t Fgﬁgtzﬁﬁ./ Hé”scan%@#tre%? 'BSFW?%gPetaﬁ%}gnze) i
includes 3 wt %or less, preferably, in arange of 0.5 to 1.5 wt% B%(

i n

addi ng fistoduced ieatsitioneto ©Hhwhiend Zeeprasedtsratleast waeiof the -HzureNag
t he above range, the thin filmof the second proton conductor has a

t hi ckne t a fr ,u t Q,1( : n Wp) electron

pol yvi niﬁ’m?g’l Bgme grm%ol 9\?%3? g@%ﬁ% r@r-emg%rl{ ?ggfe %ﬁgrp)t he second
proton conductor is that it is effective t formfl r ot one conduc(idiﬁgnt hi n
fi | m haettragtize groupsyas With thapresanes el the elretrog; gtiragtiver LOYRS -3 t hese
inthis case is preferably in the range of 5to 15 w% |If the content of
pol yvi nyd kpeFanétiowdli SRuPE, MOk ¢hsly forlprotoms fos bk eteasedrfrometicopeoton; ni t
of the above range, there may occur an adverse effect exerted on the 7

January ,2004. 1.9 film fornmation. T [ j n tBQ the
conduct g?ssf’ﬂaflﬂgsgéwgdflﬁgnt’ggﬁvlgggﬁ% tlg?twggmb{}{eugﬁ%ﬁgﬁgngﬁ&?i I 21

formati on techni que, such as, extrusion mplding, filtration, application,
etc.. Thlectionmtdagtive effectorfdhe etaction atHastieqBEMRYent can be preferably
applied to the el ectrochem cal device to which the proton conductor in the

v e €6 Ay Tt 6, whi ch ¢ he_pr ot on
conduct Gn ib% ﬂgtlalc)ir s%'féc‘:?gg '}ngoq'gr b4 56§s RES 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-describéd 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 subjecting a

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




second el ectrodes, the proton conductor may be replaced with the second
proton conductor in this enbodinent. Fig. 10 is a schenmati gavi£w S0ow ng a
hydrogen-air cell to which the second proton conductor in this enbodi nent
is applied. In this device, a hydrogen el ectrode 21 faces to an air

el ectrode 22 with a proton conductor £0 formed into a thin film (configured
as the ﬁe@grd .gro.’%m conducl)'[.ora%gel d therebetween, and the outsides of
these eP¥HOGHREUADIY IR COIAPAINLI 0 between a Teflon plate 24a and a Teflon
pl ate 24b having a nunber of holes 25 and fixed thereto by way .of holts 26a
and 26b and Afites t2atments tRe powaar of the firllayene ép@mwmsefﬁ?}aﬁ%é%?ﬂ %n air
el ectrode reed 28b extending fromthe electrodes 21 and 22 are extracted to
t he out gj f ot « ol 14 h ifelét.eWrE8 @vinpacting of the

el ect rogﬁ%ﬁagtgpt@@vfgéél{%dzk I ghﬁ(%ﬂhez{ag]elgg’n@@rhc}{e (])n conductor in %hi S
enbodiment is applied, Referring to Flg. 11, .a 7 January. 2004 oton
conduct powaler Gm%ﬁimﬁéﬁl%withéms%ﬂégw éﬂﬂ?rc}ym{so? e%gveht | s \E/veen a
negative el ectrode 31 having on its inner surface a negative el ectrode

active g gfdtaﬁ cbAd@stivaly and te rgrietthy eveipRCof tteprogas cenduatendesuldBg havi ng
on its outer surface a gas perneation support 32. The negative el ectrode

active material may he confi r IRk | oy or a

hydr ogef® 35’%%‘?15f‘i‘5%e§ﬂ ﬁli‘?éﬁ%gé‘f‘?a égﬁ%@ltgﬁgéﬁggﬁu&ng? grd ?gl:vggﬁgh as a

full erene. The gas perneation support 32 may be confjgured as.a porous

car bon paper Thetgropers condectet eltﬁhlécﬁénb@dlﬁﬁmlfé‘np‘?eeﬂé“%wy“ﬁc r &Paxgﬂpuéoati ng

a paste of platinum supported by a powder of carbon. Gaps between the outer

ends of ié@:d&ﬁeaﬁﬁled&}i@ey OH6r Starmplt, ithe Piebent mvdatioh camebpquefarably
3e 3 are

el ectro ocked by gaskets 35. In this el ectrochem cal device,

charging can_be perforned h ki.ng, wat er Nols t: Firdt\ehd

el ect rod‘Pngdé?& _cl«p_&boﬁlfgnfggl VéE%Q?Pé‘[‘\%ca 5?%&/83 g@mﬁﬁgﬁaﬂ%ﬁ@?‘ggﬁlﬁ\@m cal
device to which the second proton conductor in this enbodi nent_is &po%l i ed.
Ref err i sgcomd Elegtrofies amdpa protoncenmductosrheld therahstweer,owhergin the pr

(configured as the second proton conductor) is held between a negative

el ectro ' icliSasitR8 BrotoH ondacror if ditis ieneb@liamint.ode acti ve
mat er i aﬂﬁpgggﬁgéieg%%ﬂepogi ti ?eoel ectrode 40 having on its inner surface a

iti | d ti terial | 39. . Lt] ti
Taori Bl is (hbieanRgrecaRny S AroRiGoBerbt SuC BTy, GPoliricay paF eTive

ni ckel hydroxide. Even in this el ectrocheni cal device, gaps between.the
out er egﬂef&rﬁbltth)plm;htd e abetcochenuicasdavigetinewdighept longt ope affbefitst ve
el ectrode 40 are bl ocked with gaskets 42. 7 January 2004 .
and 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 example,
hydrogen electrode) 1 and a second electrode (for example, oxygen electrode) 3,

wherein protons dissociated or transferred in the proton conducting portion 1

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



21 Each-of the above-described el ectrochem cal devices using the second
proton conductor in this enbodi ment can exhibit a good pYolawaganddeti ve
effect on the basis of the sane nechanismas that of the el ectronechanical
devi ce using the proton conductor in the present enbodi nent. Further, since
the second proton conductor containing the fullerene derivative in

conbi natj on,w th the pol Jratergal having a filmformation ability, it
can be é’éf’ ¥ %ngytaﬁi%mwllm%vs;'ng a large strength and a small gas
pernmeability, and therefore, it can exhibit a good t le;chr, FYhEY. A
third embodi Bint9 of atskhematie anewi Shﬁ@ﬂpgdﬂlev\?’ﬁrg@g %tgg’%rﬁ%(la%gge om% The
third enbodinment is different fromthe first and second enbodi nents in that

the proi,g&oﬁowtc% ﬁﬁ%ﬁ@téﬂbémmmprimesml cetlbisncanfigured sahi idlide or
es u e

deri vat : st same or simlar to the first and second enbodi nents
in other ways, such as he bagic function 040/ WRItBUC Eatalyst
mechani segative plecogs WLG@GHSEEPB&YBW&% %lgé%%jifn@nt essenti al | yry
conprises a carbon cluster derivative in which the pr n di ssoci at.l.ng
BhdRocr Srnbodie

groups ah4s icliseRflueedappedeomdispersedand aviijoh has 8riermgima usters
or carbon clustéers which are used as a base material for the carbon cluster

derivat gg%%re@;{g@g@fgf&g@ggfa%%qﬂ WichhecAalgsesd is closelycoverleppeddreal ed

that, f ory proton conducfivity to the carbonaceous

material, as many proton conduction paths (sites or ¢k T OoRéldct i on)
as possidispersebdnd ovhishphasa deaninal Qhénaaﬁg%%é:gﬁgu%a@%?ﬁ T has been
found that satisfactory proton conductivity can be achi eved as th ?}(r?;i re

bulk if tﬁe%@@ag&,gl uSEB6n Wse DFRht fuel cilkchydragaminisypplEioFornaBdnle! fssi bl e
is used and two or nore proton dissociating substituents are P introduced

on its outer side, In,this, c t i ah Qutkeo k. ¢which & oved
a reci amryt]pq] I‘&SPHY?)}’_I“"-BUJSVQE?“C 4 10U h%ﬂeﬁpﬁr ¢w

I’ncontradi sthnction fromother inpr PP

naceous materials, the carbon cluster  is pot deteriorat jSfRyd o and
carbo ergometimes uraibprovided)an the Wég%‘éY%ﬁT‘E“ﬁ@ﬁ %% oﬁq{@g g?regon cl uster

bei ng sup
which fuel (Hy) 14 passes through a flow 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 afxd flows toward an outlet 18, to
gengrate 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 other water source or other external migration medium

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

system.



bonded ti htly to one another, with the result that the interatom c bond is
not g a sed that is chem cal, changes are less |liable to7oraiuaryegendif the
acidity is cull p, high, thus enabling the filmstructure to be

mai nt ai ned. The third proton conductor in this enbodi nent having the above
confi ration can exhibit, even in a d{y state, a high prot 8n (a%nd?igtiﬂvity
simlar to of each of fthe. fjrst _andyse adnpr tventioanduidi obs idesch®etli r st
and second t'&ﬁ?ﬁ’@ﬁboﬂphgﬁ{%&%soge?tlhne??above, t he cluster nmeans an
aggregate of up to several hundred carbon atons that ) 86l Yhiomded

t oget hepeloue Aaotherendmylimeat dydifarerl 9’%‘,&%@&%%16 c?rrllg{f?tlﬁ\?ﬁty is inproved,
at the sane tine as chem cal properties are P n];g.t?_ rOVi'(tjl;a goéﬁ:’ ufuci ent
filmstrengt aseneht uwbiichtive ligyesed imacombimationu Math <2 f €T On
the ot hé“f"‘ﬂ%ﬁa?&ﬁ@ ?ﬁl&ﬂeer mai nly conposed of carbon stru an a a ate of up
to several hundred carbon atons tha re gl B difens egsergdialiey
irres emateralof Howeyer b RTSt%F%‘#(ﬁB]I' ggl}ﬁéa?la%(?}gg ondi ng t hat exilgtes
toge P weep the carbon atons. It should be noted that .fhe tcarbon cluster,

t hat ismﬁm‘pggm@g?o@h dohductivivg featuies|dfythe prrsanhe aABBetat oms i s not
necessarily entirely aggreg sed of carbon atons. In this regard, a

col | ection of, atons, the i § DA ent/cokAzinatie above-dgsoribed i s
car bon atom,Aﬁgcmgoﬁo?g&ngﬁdmgﬂgﬁatrlﬁon cluster. Various types of carbon

clusters or aggregates of carbon atons are s i he- oduddd tihese
fi gur es,fullbeener detiNative s@aioaty igh gPLUPR ‘ﬁﬁ?cqgwgﬁbﬁyaroyglr groups, are
not shown. Fromthese figures, it is seen that the materials for the proton
conduct O&aﬁﬂ&ﬁm & cHhsifuting ittiiereney andh polymer matefiala shows carbon clusters
havi ng spherical structures, spheroid structures, and planar structures

simlar thereto. Fig. 5 shows .carhomn.clistighd bhaiwd&isrda qrantorel kpowpen
spherical st r LB¢ &P gmrcﬁlali)%“%hgia&c?&bgi E)‘y an open end or ends. During

production of the fullerene nol ecul es, by c di schar of
car bon cpylzmasrs Hasingg filns formatien abilityict &rrhé %@quﬁgﬁeéﬁgﬁ%??ggﬁgfg? ed
as sub-products. Fig. 6 shows carbon clusters each having a di@}rmnd

struct ur gené Qllghggh“ﬂ%storofesé.helfiah@mmmmm sfonehthaga SRoWt@, (% Pralan |
the SP3 Bohding. carbon cluster material in which nost of the carbon

atoms ar %oxllguétyveitysgg 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 formation 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 3004 m or less.

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




bonding, if it has a planar structure of graphite or has all or part of as
full erene or nano-tube structure, is undesirable as the ba3swairyt Be0Hr ot on
conductor because it has often an el ectronic conductivity due to the SPZ

bonding. On the contrary, a fullerene or nano-tube structure that has the
SP2 bondi ng often has no el ectronic ggnductivity because it also partially

contains an el ement that exhiRit:s, t AR’ ad! possidle dndi trg theaderGIdy ef or e,
it is dbsiugbl gleasplfoﬁ‘énbzggg&éawe{&’prgfon conducl'?)or. Fit(g. 7 shows carbon

o1 2 b e raaiest 06 ) awc it Al FRHRORCAIEG 2 1m0,
Chi T by ot on Copduchor of cihe huiosmns having! non elergongs kBT Bot on
cpnducf‘&?_gwqﬁﬁg %@%‘8?@8?? ?kltﬂ???i%equi rgd to introduce proton

Goar T Sbiibaing {or vaood b Do ERaBlpIER BPSsLS Bt amels b e °°
ik bR AR AR R

pr oduct According to the production nethod of the presen

t
i nvention, a carbon cl.uster ' j e iykin mlabhe)daw)/s‘b‘%ﬂﬁci ng
car bon M%P@ﬂ%ﬂﬁﬁ?&ggﬂe’o?dgg;%ﬁ&égg ﬁe?ﬂgy ére%ﬂgi scykjlarge of a.

car bon- based el ectrode, and suitably subjecti : ryedpdlewers to acid
t r eat mefhs t}{eygtjmﬂlprotmim@@tmdﬁithlséﬁu&‘g‘mlﬂ&m% ygi&; and al so subj ect ed
to sul fonation or phosphatation so as to introduce the sul fur and roton
phosphorus-baﬁﬁ% 4BGH | @R pol pllwstetiiydepecis wuitgbleTriar e eI sPer
derivative cah be conpactéd into a suitable shape, for exanpl e&%i nctlé)ip%e
pellet. According tqg the third Ofl1,AOREHASN | Ability.s dbivenli PEn8d

| engt h mondh@tqfajlértWi ¢ E‘?Segcgggé Q}{g gar bon clusters as the base of the
carbon cluster derivatives of the proton, conductg Yo 1é0thanintiat dfess,
pref er abhylyfiRethyldresto thadullarensuderéyattye A% Pé‘rﬁoéll%gsrng%ps to be

i ntroduced’therein may be preferably 2 or nor e;‘f The gﬁ.}’ bﬁ{fgﬁlgf'ﬁtbe:ﬁ?m for
the third ptot QfialT8Y i®9oskible tagasBy Marmus enilk 0

whi ch ha8l 85%&%@{3?‘%?#% clgr’bon 3usters havi ng such a def ect strtjhctlure has
a reactivity simlar tq that of f e qpd abmenhad polyflymethylone
January pw@nzsoﬂéb@ﬂ\)?%v}n&tailf‘ggedfteéugg portions, that is, its open end
portion or portions. Accordingly, the use of ca | pgt -eaglh ddingg
such a defgaliesty wat % er IBMtprbé,fablyehneqqﬂa‘Eﬁe Qﬁggg tgsﬂ? hglrtzaase gf t he
third proton conductor can pronote the introduction of .ﬁ{io;@n agi sg%f@éi ng
Subst i  Uehy S 0 QL bob 16 Theallerehe desiviative intdmamognt FRHBAZE ARE" 71 -

i ntroductl Xﬂg F5¢ ency of the proton dissociating substituents, thereby
enhanci ng proton conductivity of the thir ot pangdsuiroinel L4t i S
possi bl e the thinfilmsifAbe secendBrotgRGARLY tpgé‘gé ggﬁﬁc ust er.s asgcorrpar ed with
full erene nol ecul es, and hence to produce the carbon clusters at a very | ow
cost. The kjnds of functional groups and the electron attractive groups to
be introdi@c¥P#deach of the carbon clusters as t he base of the third

roton conductor in this enbodi nent may_ be, {he sane. t i or
gb ove. The reason why polyvinylidene%luonc}e o1 polyvirtyl 406561 A8 SaithbrRA

i i in
the second proton conductor is that it is effective to form a proton conductive th

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

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



The third proton conductor in this enbodi ment can be suitably applied to
various kinds of electrochem cal devices, such as, a fuefl catdaryl aovhis
case, the configuration of the el ectrochem cal device may be basically the
same as that of the el ectronechanical device to which the first or second
proton conductor in the first or second embodinent is applied except that
the first or second proton conductor is replaced with the third proton
conducfidm fogmatient he third proton conductor in this enbodi ment can al so
exhibit a good proton conductivity even in a dry state, iqt. i S ﬁxgs)flbgl eto
elimnate thgen@ed filin BF alie deogndpyotburdatiduictar By this carbadigent TRY ffent

t hat produces an external mgration, such as, water or steam anijd;_hence to
sinplify the,system copfiguraii d1&uehi ghexniisionemoydngm A
fourth ‘%’%‘88?1 rs?énYSIBg ﬁﬁ@%ﬁe@%{rﬁepﬁéﬁﬁ ?gdr*lﬁ‘s\ﬁplil be det;cri bed belowin 7
January 2004 2~ which the proton conductor includes a tubular derivative.
car bonaﬁﬂmﬂenﬁmldidwion]'h@..t ubul ar carbonaceous material derivative includes
a tubul ar carbonaceous material as its base material. The tubul ar

car bonac eousrtE@gggJﬁlaL%ﬂom{ BSESudo O thiiseaiboaliment can decprefrably #plittho- t ube

nmol ecul es that eac ve a dianeter of about several nanoneters or |ess,
typically, in_a range ,of to 2 nanowgl ) debddueort Gnt iR sent

mat eri alo, theelecteghemical %ﬁﬁeéﬁswﬁ’éﬁ}sﬁlgl p‘l!dr%l?:?udes a CNF mat e??gl that is
conposed of nano-fiber nolecul es which each have a di aneter of several
nano- negmbsdiventds appliedh may reach up to 1 nm Further, it is known that
the CNT material includes a single-wall carbon nano-tuggd(gwm]\ll) matrgrial
that is co ed .of -t gol W&ﬁem ldevivg ftor chythe AN | ayer
or a nufti %ﬁiﬂ clgrhé(;g&&éng??gbec MACNT) that is conposed of nano-tube

mol ecul es that are each fornmed of two, or k&Beklge first and
concent einbadiment/israppbigdgin %CQWP@W%F%@ISdéf&m%d%W and the MACNT
nol ecul es are respectively shown in Figs. 13A and 13B, IE addi t(i %g tohhe
descri pki@ndoblettd&The tpretoEdidustar magNre replaced eith the SPEoRe PR “on y
wherein it is understood that the present invention is not limted to the
sane. Accordi.ng.tq. f L enbodi nent of the present invention, the

pr ot on WB@%%Pglffﬁﬁggﬁ‘é’Sgﬁh%ﬁ%t are introduced to the tubul ar carbonaceous
materials in order to formthe, tubul ar carhon ) Whliciigie seebhdes

i ncl ude the fagel%iméﬂl@ﬂ%%é’ieé?isﬁawgﬁ%ﬁdﬁ’%g‘gg%?g\g‘i%ngs y di scussed in
regards to the other enbodi ment of the present invention. .As il llﬁisgéﬁed’

Fi 9. 14 3hews cafideserminetlds emBodimentr is applied7 an ¢ iy, 1deviee, ghAL 8BS

mat eri al” derivative that contains the hydroxyl functional groups. In

addl U1 0ny e &itdlie 37 thics 1l AFhE 140t wiifh bfftotobubeductar 26 farmed dnto a

nmol ecul é’gc |'ecu the tubul ar carbonaceous materi al
derivative as shown in Fig. 14. As well, . Fig. [ Sechhant uhel ar
nol ecul dhimfilmn@onfiguredas dhe éS.F%R&‘%}B{}scq{’éﬂg}q]rglthAe%gt@ié ve that includes
the - OSO3H functional groups. Such a tubul ar carbonaceous terdal

FE AR, 8

deri vat i yfsides Rfaeseelcesotesparim22 araholdbatween aolefion p
mat eri al and subjecting the hal ogenated material to acid treatnent by using

SulTUr T GOl ol plate 2RIV g a Hulfiberl & Hlbd 291458 fixed {HERA3H Y waytdfdralts Zoups

to the th eri SO as to formits derivative. In
addition, a hydrolysis technique may be used to Jdnfr I*Q/gygﬁalalgra@yps
i nst ead axid 26b amdbodits f2ifacand 7b,g‘1“tﬂ,|ﬂshYﬂ?‘Fogﬁ?d?lSFé’g?glﬁ%gdused, an aci d
treatment may followin order to substitute the hydroxill groups fotr0 o
di fferengefc&gaa'reeg'%@r OXR dirf Bfond The telectrddBR3E1 fandc22 saelexgastsgsto fhe o
non- hal ogenated tubul ar carbonaceous material is used as a base or raw
material so as to formthe tubul ar carbonaceous material derivative, this
mat er i al ontsjdeef thewedkted to acid treatnment by using sulfuric or nitric
acid as previously discussed. Wth regards to the hal o ted tu

car bonaceous. B T & a sthemafioniew shostioga Sleatoghomirdl gt WHIH the
carbonaceous material derivative can be produced not only by thelE'ab(i\ie
descri bed wet, nethod but als t 11§ hpdliednetRefdrrimgto Utigl ilzed
pl asma. SRS Br‘?fgflh%m&ug oﬁlﬁéfocgﬁ?\%@g{d&t ubul*ar carbonaceous material is
subjected to plasma treatnent in an oxygen gas and then subjected to
further




7 January 2004 28 plasma treatnent under a hydrogen gas in order to

i ntroduce the proton dissociating groups, typically, hydroxytuapyoapssto the
t ubul ar nol ecul es of the tubul ar carbonaceous material. The foregoing is
nmerely an explanation of a preferred manufacturing nethod of the

car bonaceous tubular material to whicf the present invention is not
limted. The inventi as .exam on.&RAdUsbhdticdiérs Bf héldse

t ubul arP’@&‘Plb(S:ﬁaégg%%Ecé)rr\fﬁ“"gae%g\c/{g{ai \%Ee:‘g&{aand%{ound t hat thlgse materi al s
provided a high proton conductivity under a, varyi t enper at ur t hat
i ncl udeBetieeno4 diepative etegedat 3 baying on 1t HBer iSB?fgﬁe @M‘XF@B&?Q&;}"‘; ng
fromless than the freezing point of water to nore than the boiling point

Of ot eh b Hgaﬁélﬁ%]leraﬁgr S0t shd 8D dsitivkNeleRfroae (has Bleerbie) 3B dnving oeits

di scove roton conductivity is higher for tubular carbonaceous

material derivatives that include the_hydrogen sulf k'megidPsS in
pl ace obutesutipae 8)gAs REBAALON FUPRRIE ggculdé}e, %&?@%%‘%&%@oxy 'gtnéd cSV\CNI’
material is a generic nane of a derivative that has a structure in _which a

plurali warﬂ)% Regfionydd 8¢ aunsiregen abisteption alloyuora hydrogeamilisarptieh alg¥es so
e

as to for S material as illustrated in Fig. 14. O course, with
respect to the, nunber, arra h&e Tﬁe?ﬂ@ yRiEQNoh sgpparps,
sonme vaﬁPﬁE‘P%‘?%%é{raecé%’ﬁ’gi @épegﬁirt%gagggsﬁ Fﬂlﬁﬁé?éﬁe scope gfe t he present

i nvention. The present invention has_newy disgover eg.th t 2 wwe of
pol yhyd3@xylagt el confighzed asd POIOWS CAIRQREIAPET 5 ﬁBFW Wc?x?’Fﬁ@g% %

material, as illustrated in Figs. 14 & 15, in which th&dh droXyl groups of
the tub é}‘@{? lf6fmeditAL ePitig® acpasie Wfhplatinom swppx ¥ e potsied i bit a
hi gh pr otegﬁr %g}grfgg?y 21%64 29 ggongﬁdgti vih?y, that is, a high transfer or
mgration ability of H+ or hydrogen .pr ot telectfIRM™I afid Rl rowker
groups t93EROm, e&éBﬁﬁjﬁi‘ﬁ%ﬂl flnyggtg eblflgt‘%etﬁg%%?g?érml ecul es of the

Vet | comtimp! she bposicie eekabtisgien Ji chrencURKRd: IMERRTBorpbsed b

i nvent i ashdeuydl the bpositivee a n onmpdsed of an
aggregat emass of a derivative of a carbonaceous tubular materi al hi?ﬁ\r/i ng
plural - , ; jeeh eabe ff@nmdﬂnyomaﬁmaﬁﬂ\hmgmﬁp en

- OS03H ge(lj?%%&s_#&agfé?ﬁge@? ’e(rﬁﬁgﬁg hydrg,gen sul fate ester SWCNT, in which
OSO03H groups are substi tHéed for OSO3H groups, may contain only OSO3H
groups, e pasdive electrpde P8 SIdf nay sinult aneously contain plural hydroxy
roups and plural OSO3H groups in one nolecule. The proton.caond V4 of
? he Ito ubul ar pcarg)mm%mt%mw showing M/équFF&FEPWE‘FaEd@?%ntoa‘ggidehg{gtt% of

t he tubul ar nol ecul es having a nunber of functional groups, |like the proton

conduct i g g GlorbR oRlil8kr i hRNemBDAiaER iscafpibdre Referiing hoFlE; A?: &d by
the environnental surroundings. In this way, an additional source of

protons from m grating, nedi ung,. such as, -qat i e ohd Pratofler to
eal i 7o prdoncasdastar ¢f rioemedsintt o . Gl Corfinel B°gRsiond pretbd

ot her enbodi nents, the reason why the tubul ar carbopaceouys mater.i af

deri vat i ggnd@dtopyisi hélti lsatokeen anegating elestiodsrd& HAvNg PBiltS DT SUTIAFE % hat
a large anount of the functional groups can be introduced to a nunber_ of

he L ubul Al EfidSRe 3kl B el Ayef 87 aaRapasiAveBIcctions 4khating e

pr ot on d8f& correspon to’the conductivity per unit volunme of the

conductor is very large in size. . . .l
inner surfgce a p%sitive 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.



7 January 2004 30 In addition, the tubul ar carbonaceous material derivative
I's nostly conposed of carbon atons of each of the tubul af #ahwewmy €904nd
therefore is light in weight and does not deconpose as readily nor contain
any contam nants. Moreover, the tubul ar carbonaceous material that is used
for a base material for producing theyjderivative thereof can be produced by

catal ytic therml deganposit)on. ofibydEReARBAIIA addbesoalsingts ther esult.

t he tubul ar o] erial 1S regarded as a material that is
desirable for reasons of resource, environnent. and ecgnony. Vol

36, No.setbnd ppotoh6amduetar, inThisymbadiseniicag exyitiha gﬂog‘oRfr‘%“ %?c\ii&%(r?@gent

i nventor on the proton dissociating groups, the proton dissociating groups

are nmeﬂﬁ%&i (;rFﬂ}ﬁt 9asti§18¥ Y5 R%Y 'm@hanfeaP 35t Katruttthoridctgmmegimnical [dsNifeas t hey

pr esent ef erabl e proton conductivity. To be nore specific, the proton

di ssoci ating groups can be expressed henj cal fihe EtoMere X

is an anﬁmgrthfb)?fa&@n‘f(md“&!%rﬁléilﬁrpéﬁﬁfnﬁém%ﬁéngg}ﬁtrvaﬁ%‘%é}rﬁ%ﬁg{gtaeﬁd further

the group can be expressed by a chem cal formula of -OH or - YC]—I.\ﬁn%e Yis
afign it

an ar bi i)fcﬁbﬁ 86T R6r @oamining’ thep foleieng derivativicenn A far,
the proton dissociating groups are preferably at |east one of the -OH and

- O803H, and - COOH, . - S03k : S{;ﬁ(}& f4¢ Lt eaRbedfopried . int & ohint fikmpr ot on
di ssoci prmerg%géalﬁg\}&g?ﬁfﬁ"ﬁuce (l)n:’?ol these derivatives are arranged in
a simlar manner as in the aforenentioned exanples. dj t ik 8
enbodi mbavinged dange streagtly aed psamal} g%ﬁ?fﬂﬁ?@ﬁ%é{s an it¥$§f°3?bi& pQ%,“ Xl l(gnyl
groups and carboxyl groups, nitrile groups, alkyl halide groups or 7
January og§%roton conductivity.

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



31 hal ogen atons (fluorine or chlorine atons) may be preferably introduced
together with the proton dissociating groups, to carbon atoasufy Rbed

t ubul ar carbonaceous naterial. For exanple, the -N02, -CN, -F, -d,-COOR,
-CHO, -COR, -CF3, or -S03CF3 (R is an alkyl group) electron attractive
groups can be introduced to SWCNT, ag2wel|l as the proton di icat hiag
groups such as OH %{SO&JDS d Wioh of hlofy epraitos oqhsﬁcméaté?%cts}lgjfﬁtgtgﬁsacﬁl?ve
groups asnp‘ai!iéblﬁi 5n Used tHIE #0Rct onal groups, it is easy for protons,to be

rel eased fromthe proton dissociating_ gr Acshaped ranecordi @Rl feen t he
prot on ;di;saaeédionnids gubarpsidpy f%glt“él %@?’r gtgpg??r act Pver%f fect of the

el ectron attractive groups. Wth respect to the n s Ok Br i other

di ssoci at i n%ﬁarou&secp{ lghﬁl tadadityr mweﬁgbe%scqﬂ{%ﬁ%ta‘ﬁl eriqvati ve, the
nunber iMPIVEH: BRPYS bh extent that it is less than the nuggéer. of aﬁ{‘irbon
atoms of the tubul ar car bog‘aceo%ﬁ n?hgtreirqg detr deteriovased |on HHFANTH 20 he
nunber  gfrbonactausntaatefialinhen 8 Y mMted to the extent that is necessary

to cancel the electronic conductivity. For Rhfoonuchssteri being
pref erabl ﬁ%@gf iR’ durabgitpswitkertheae t‘é?‘grrﬁFﬁérmAafe g‘/?tu\lT material. The
C

proton &8 or of the present enbodiment is mainly conpo hgot
above- ment i oned c?r QOnﬁie%{gtﬁebeiﬁ{ tlﬂmtresillalthahﬂlerrﬁlgﬁe?gﬁ’inﬁg’o%?hiesrﬁ
i ngr edi dromsledntighl® 1@ $% “obstructive to or raise the proton Condaﬁti.vi ty.
Most preferred anong these ot her 'n%éce?ésgrltig,lgqotdy&ut,uwm ifnthegdd i dPve
havi ng i&}}[@@g@,eﬂ\atﬁaﬁhbml‘fvﬂé &P ANt T oned proton dissociating groups.
Anmong the nerits of the carbonaceous tubul gr, materials, there are a marked
| engt h Oé‘ thhg“gsx&?dblﬂigrzmetﬁmﬂstoﬁctumetm%@atlh‘éFP‘ﬁ s axial |length and

i ntricat B8P Fahuary ©2004 32 ent angl ement of respecti V§1 struchtér VRS

di scussed above. e to tP se aftradas this sembodisnemin e Stable filns
can be fornedThehd ngﬂr? g to the el ectro-chem cal device, than if

full erene derivatives as spheri cal gﬁ_l e%u:eg lﬂgﬁ n&gmﬂudtwﬁgéi‘ﬁélﬁ to
However, ify (rjétlhm paaexhlbﬂi,fé‘f’??rn‘lﬂﬁ‘ U ng’gr(r)]_ oh di ssoci ating groups d(ian
occur nore readily in case of fullerene, and hi r Ctikati 4nd seconichen
be produced, i i bkhe thsbantsecond rossh corgiges o s 4 EPTI

sel ecti vé 9"8 peéaﬁ: ing on particular applications. If, in order to produce a
conpound naterial conposed of two different materials, a carbonaceous

t ubul ar nembodimentSnt o whi ch proton dissociating groups have been

i ntroduced, and full erene derivatives, | ) ﬁecﬁﬁmpmss‘iﬁiﬁhb}lﬂﬁted
groups have bear d¢fineatiabet, th@@“l%%‘dfqeﬁﬂ%%%!l%tlgon, a further excellent

e i ted structure,
carbon atoms that are closely bonded together. Due to this aggrega

d. at the same time as chemical properties are
H

proton conductivity is improve

. i ich a layered
maintained to provide for sufficient film strength and ease with wh y

r .

means an aggregate of up to several

‘ [}

I l l ¢ ] i g ’ ’ ] ] p



can be achieved. According to the present invention, tubular carbonaceous
mat eri al derivatives nmay be desirably fornmed as a filmto benwssd2bod an

el ectrochem cal device such as a fuel cell. These materials can be forned
as a filmby a known extrusion nolding technique and nore preferably by

di spersing the tubul ar carbonaceous material derivati vg{ in a lﬁblg?fgl gf'and
filteri t he disper.sjan; Y& Rteds UF hcaaBomatiasters g¥RBPHS | efltas the
li qui dW & OBFPégﬁgqbsl ﬁbli%?{ not particularly limted insofar as the
derivative can be dispersed in the liguid. By {ilterhng tie7d Bpaieseon, the
t ubul agagnbdostesoas agategates) ofgear 91&@?9)95 2L é@)‘é’él@ eﬂa@?n a filmshape on
the filter. The filmdoes not contain any bi ndfqr d{in(g \Zggq?%a%gzlg&él 33 is
conposed of3l.Y »1d16n t RS0 B4tig@rdronps; eforsexanple, Aty IeKy ’ rein the

t ubul a?lglfﬁ%séc{uhleeng;l{rIel ent angllg% é|1n conplicated form Such a fil r&&as a very
hi gh strength and can he easily peel 0 15 i fot he protonhcandsambay, i f
the fulshowandrant thesei HBuLes, Yi ép%lpgetﬁgtl ;ﬁecc@r%%ﬁat ion W tpg t he tubul ar
carbonaceous material derivative in the liquid, it is possible to easily
form aﬂﬁﬁ%ivstiﬂeflzitﬁtildm#tnif«sbleicﬁonorrposed of a conbination of these materials
whi ch dgal n does not contain any binder. The proton conductor of this

embodi ment i ]gslé ﬁgsﬁx‘;%béa)fb&fﬁ ?fhsft&rs Haviniesplitaidal stactiures, Kpheroid FEREUIES,

enbodi nment , ucture of the fuel cell is as shown in Fig.9. The

present invention will be herejnafter_desgrj | t dubteppsied lavet be
enbodi nemd planaBysiruatvics %mlhéltyﬁ%?'oxyf%tgéhg%l gé}gﬁg of ngarrpl e 1> The

synt hesi s of pol yhydroxylated fullerene was perfornged with ref bERREs.t O L.
Y. Chaf gmlagg oéan VPRdrical stichiei wlgil:heiﬂsﬁla,mG@ﬂSé‘ll PP BInet on. J
O g. Chem , 3960 al994). First, 2g of a powder of a m xture of C6o, and

00 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

. 3 .
which most of the carbon atoms of the carbon cluster are in the SP bonding.

. 2
A carbon cluster material in which most of the carbon atoms are I the SP

bonding, if it has a planar structure of graphite or has all or part of as fullerene or

it
nano-tube structure, is undesirable as the base of the proton conductor becaus§

. s 2 .
has often an electronic conductivity due to the SP* bonding.

2 .
On the contrary, a fullerene or nano-tube structure that has the SP bonding

often has no electronic conductivity because it also partially contains an element

i it i i base of
that exhibits the desirable SP® bonding, and therefore, it 18 desirable as the

a proton conductor.

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

. ili on
represents examples of carbon clusters that can be utilized to make the carb



cont ai ni ng about 1S % of Coo was put in 30 ml of fumng sulfuric acid, and
was stirred for three days while being kept in a nitrogeh &masgh2fed at
60C. 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 twi ce by diethybs ether and twice by a m'fébur ergf
di et hyl et herdﬁnd {icet ogkt rjtlee ofonT eondg croatin @angfmbodime # ¢ der a
reduce@h’éF"éss BVAPVa0c™ The deggsit t hus cl eaned and dried was put into 60
m of ion exchange water, and stirred for 10 hours at 85 C 7 January 2004
34 whi Ips;otl@@mdaubjr@fﬂh@lpt%%h%@“ﬁ“*usi ng nitrogen. The reactant was

subj ected to centrifugal separation, to separate a, deppsict. : deposi t
was cl eaned geveral mbifRa pbbt@lurdandacmr,inr@pﬁs&ﬂélﬂ%iwggj WP e%aglorwqo
centrifugal separation, and dried under a reduced pressure at 40 C, A

brown powder thus obtai ned, was_subj EIcthdmdamnFuﬂh@f’ét

resul t ,intmduCﬂpw@@tdrlﬁﬁﬂctﬁtmcgh%mb‘%g\’v%%E)%\?glg{r&%earI y conformed to that of Coo
(OH) 12 shown in the above docunent, and therefore, | ogdh e ghd hat

t he po:;ﬂgg Hagebitgbledoyfurtiren xiniratiuee ﬁlﬂcﬁf@%é{t%c?‘tvﬁeétto\gﬁgét% material . The
above-déscribed reaction is represented, for exanple, concer nitgi %Q as

f ol I_ovvs: +H20 o060 & [1 téh. - oA EiatingogropprHmay P3NP gﬁ L% {0 6)
(y =10 F’(S‘StPZ§ LSR5 1on of Pellet of Aggregate of Pol yhydroxyl ated

Ful | erene of Exanple 1 > Nex{, 90 g of ot duéfion heethod.yhydr oxyl at ed
f ul | er esgchnearbpnedusier 1%%@%@&@&6 %Qtﬁbgv%% ssure of about 5 tons/cn®

into a circular .pellet having a dianmeter of 15 nmm Si : GOoRAInl Vity
of the powders Qlordipley fty dhexproduetdor uhetbodnef \&é% @fﬁeéﬁl Qﬁ’% ngpﬁhough t he
powder contai ned no binder resin, the powder of the pol yhydroxyl ate

full erene coul d. be, easily. for ' dting aeibon clustercRPBEYS o bout
330 ,u rﬁlu%ﬁftzjﬂeré"?}é‘fq ‘égtn ?‘%e?galgggbfgg{ég %%Pled:at ilrllg'I n\}}:?ti ve Example 1. -

<Synt hesi s of Hydrogensul fate-Esterif.icated Po | lefuceromieHyatid deuitahly
est eri f i @gbdwnpowtieErxLymare discharge of a cafLon%é’JeH e

i i ic acid and
subjecting the carbon clusters to acid treatment, typically using sulfuric ac

i i introduce
hydrolysis, and also subjected to sulfonation or phosphatation so as to int

the sulfur and phosphorus-based functional groups, respectively.

i i for
The carbon cluster derivative can be compacted into a suitable shape,

i i ird proton conductor in this
example, into a pellet. According to the thir pr

embodiment, the length of the major axis of each of the carbon clusters as the base

' or less
of the carbon cluster derivatives of the proton conductors may be 100 nm ,

. . d
preferably 100A or less, and the number of functional groups to be introduce

therein may be preferably 2 or more.

The carbon cluster used for the third proton conductor may be of a cage

i h a
structure at least part of which has open ends. The carbon clusters having suc

| higher
defect structure has a reactivity similar to {hat of a fullerene and also has a hig




7 January 2004 35 The synthesis of a hydrogen sulfated full erene was
performed with reference to the above-descri bed docunent 7 Famstry 2§06f a
powder of a pol yhydroxylated fullerene was put in 60 m of fumng sulfuric
acid, and was stirred for three days_p\é\hi | e being kept in a nitrogen

at nosphere at ordinary tenperature. e reactant was put littl ittle
in diethy ti\ﬁ{}h‘ﬁf iBNAedEl perticrspltleat isp #9 iopenbaAml Hﬂ’glqlheoaeé)(;%g? %/ng\ivas
fracti onated by centrifugal separation, cleansed three-tinmes by diethyl

ether and twice by a m xture of;di Rivige suel aadefearsttuature, that i nixi ng
rati on Aecqrdingly, é‘ﬁd’sﬁr‘?)%e‘ifrﬁ 8lrug§?%g%%hced pgessure at 40C. A powder thus

obt ai ned was subjected to FT-IR neasurengnt.. As a t dtetBect rum
of the plendnerehys,canthe thage tQf Ehﬁ‘aihlgf %OWdFBB‘ilﬁ&g}u}c?%téﬁ ul l erene in
whi ch the hydroxyl groups were entirely replaced with hydrogen s%la{'?st ed

groups, . i.e. -.080 sdb%ti&xh@t@lbywciadltrcatmmlttoﬁéh%ﬁli?et,

confi rrﬂ%’(ﬁmﬁ?& lglﬁﬁglﬂﬁg{\?&g@%saczht e hydrogen sulfated fullerene as the target
material. The above-described.reaction | ifd subflituéntsMhleecby
concer ninugemdhem%{)tgvdlé@l%i?ﬁ%ﬁh%m(yh%%r@‘eé}@t@g{rﬁe‘ssﬁg?{le ): +H2504 C~ (OH)y -~
C6o (OSO03H)y <Production of Pellet of Aggregate of oo

Hydr ogeﬁﬁﬂiﬁ% - 6 | Eariceiditpoby ftie | thizsh TPyl iGIBFIOEx amsrhen, (&S 70
ng of the po r of hydrogen sulfated fullerene was pressed in odr;e ih
direction at. a pressure of baRs /FMBarbaho chustars casl sompere®etWhdvi ng a
7 JanuaWS%'étMtgGSm%Eﬁ%%é;ra glP%fg élml}\ Since the conpactivity of the powder
of hydrogen sulfated fullerene was excel,l ent, a W cogtont ai ned
no bi ndeulleesiemoltekalespanibhenrge MPEB%*@&#&?&%@%F&E gggggoul d be easily
formed into a pellet having a thickness of about 300 ,c.L m Sucsh ayel | et
i s taken as appeldifds o ﬂuwﬁaﬁalvFrdﬂpanmé the elegtremedtractie BEOYRS,IY ¢

Hydr ogensul fate-Esterificated Polyfullerene Hydride (parti al duste
esterification)> First, f 22 1E Bedse o thé thifd paotdnCen Tai ni ng
about 15‘%@“@%‘9\5@%8(%8%88%\@@#61%% ng sulfuric acid, and was stirred
for three days while being kegt in a ni'ltro en iﬁ%ggﬁg@gre at 60C. The

r eact ant jrvéags embotlimentanpy beithe sameRsdPeseGFsC cooled in an ice bath.
It should be noted that diethyl ether not subjected tg dehé& at i olirll (ﬁoused.
The deposi t “ifpé ARkarotsh WBAdEctar ih ahist edbbdiment: ¢art bg 1L B’aPBP %h,

cl eaned three tImes di ethyl ether and twice by a m xture of diethyl

cther ang acet gL {11} 18l AahikidadAbks enasha and el canulercase W8ucec

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

e o o a
conductor in this embodiment can also exhibit a good proton conductivity even 1n

dry state, it is possible to climinate the need of providing any humidifier or other

igrati and
like instrument that produces an external migration, such as, water or steam,

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

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



pressure at 40C. A powder thus obtained was objected to FT-1R neasurenent.
As a result, the IR spectrum of the powder nearly conforfehnuaryha¢0s6f a
full erene derivative containing both of the hydroxyl and OSO3H groups shown
in the docunent, and therefore, it was confirnmed that the powder was the
pol yhydr oxyl hydrogen sulfated full er2éne as the target material, %ﬁ
above-d @fe]itl?\%d @qﬁﬁté&mcwrejnbmwsannmmrfor é}@él?ﬂﬂa@,eo%ncer%}'n 0 as
foIIovvs‘ﬁF? révah ereinafter): C + 2RS4 --~ (S03) +H20 C~ (OSQ20O) x (x=5
~ 6) C6o0 (OSO03H)Z (OH)Y (y+z =1012) 7 January 2004 37 <Production Pell et
of Aggrdegimadivéf Hydrogerisul fate-Esterificated Polyfull erene Hydride of
Exanpl e 3> Next, 80 ng of the powder of a pal yhydroxyl ogen at ed
ful |l erene waphdr egbeldr i rcasbenateoust ingateral od lﬁéﬂﬁ‘ eXB?lné%%utg Stl?}(‘)&k{s/ cne
into a circular pellet having a dianeter of 15 nm Since the cg;{)!gﬁ;li vity
of the powder of polyhydr r ul The edbiilat | carkeonaceges ent

al t houg®ar ﬁgamemageéwa?r(]éé %gb@gﬁgﬁﬁresi n, the powder of the

pol yhydr oxyl hydrogen sul fated ful |l erene, coul | hdveta a

pell et hatidus aONT onaterisl gt ineRmpatss of NH0- &%ﬁng?%g'%gbgggm{haken as a
pellet in Inventive Exanple 3. <Production of Pellet of A creg?tlg\kgfz

Ful | erepgafrﬂétepq{fp%&ﬁti &y drspmahemttersar basspaynisdhy, o ge R ghile? of
€

t he ful ne nol ecul es used as a the raw nmaterial for synthesis in tlhe

o T Rt BRI Y PN R B idoueastmancioushmalets

exCol | onhialibba N Patcpiahtnt i cAmRPRRsOTRAS HE) HACP e YREIEEAdERIE 1

l;lult Ihie(r:ﬁzg golofecul es could be relativel yt e]?i;ihlt% f:éi;gd@i g}tafmgqlpie:#“el'{he?fwi ng
%H&gﬁgf%’évffﬂggﬁnosﬂﬂbrﬁ opehdretw ke

Conpar atd nparative Exanple 1 To neasure a proton

conduct | i\t/ ! itsy kggw%a%ﬂato fthc'g héqu lxrllae‘tteﬁapfinhﬁ\ﬂ‘éﬁ't 4 Viingle/wdHnuarbon2 @@no tube

(SWCNT) material that is composed of nano-tube molecules each being formed by

i ed of
a single layer or a multi-wall carbon nano-tube (MWCNT) that is compos

ich are
nano-tube molecules that are each formed of two or more layers which

concentrically overlapped. The configurations of the SWCNT and the MWCNT

- " h
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 introduced to the tubular carbonaceous materials in

. e . 6
order to form the tubular carbonaceous material derivatives include the sam:

. . c
proton dissociating groups as previously discussed in regards to the othe

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



38 Exanple 1-3 and Conparative Exanple 1, both sides of the pellet were
hel d bet ween al um num pl ates each having the sane di anet érJasuanyatz08f t he
pellet, that is,15 mm and AC voltages (anplitude: 0.1 V) at frequencies
ranging from7 MHz to 0.01 Hz are applied to the pellet, to neasure a
conpl ex i npedance at each frequency. 2The neasurenent was pgrf nder a
dry at Q‘})Sp{],%l’uji‘{r W Ebb Radeonk t%itbﬂahbdﬂévatmdhﬁhéoﬁéadgﬂrﬁ‘r?eg‘&,rdﬁgk}groton
conduct’ing portion 1 of a proton conductor conposed of the above pellet

el ectrically constitutes a ui val en s Ciil aiatess howanberFog. the 7Abular whi ch
capaci tfunedena GHRIPS: gf’\e aﬁgﬁﬂgb ggv\ggnﬂhﬁrﬁsateand second el ectrodes 2 and

3 with the proton conducting portion 1 _expresse ndtéGali t of a
resi st aggBofacedds malapaes patekulsr moaleculps PE@E‘? Wg)é'galr (%ﬁggﬁdﬁetb ?%n, t he

capaci tance 5 designates a delay effect (phase del ayaﬁ;tagehi ?Qféf E{ﬁﬁ ency)
upon nigration of n 1 {he rRsiweHNdEigd Mesi 1atesa Wiar r of
difficu ?r)‘/v"ﬁ’fvemaarglﬁ%ﬁ gr% l?){régtons. The measured i npedance Z is expressed
by an equation Z = Re (2) +.i | Z%ﬁ? The fr tiRPgRddnéedos thdie
proton amlecudes of qpotherotrtasay ggg]@éa USh agegga\(i‘/;@ég% valent circuit was
exam ned. In addition, Fig. 17B shows an equivalent circuit of a proton
conduct @ 62?(@&1’&5;13}9 @(@gpl e 1 described above) using the typical
fuIIereﬁQS ecul es wi Thout functional groups. Fig. 18 sho%sg results of
measuring the ippedances o Salderivaeny {svproduaed by prepaang a
Conparative ﬂﬁﬂ%@ yfar@l%?é#%&ﬁfgﬂ@?g? 18, for Conparative Exanple 1, the
frequency 7 January 2004 39 character.i stjcs.of,. GRIBsEnatedBRdéerisle is
near |y thatogenatedasibule mbmmcgpu%maée%#lrfm S"i’éﬁ%ﬁéﬁ}c ang t he conduct ance
of charged particles (electrons, ions and the |like) of the agﬁrg(ggbelpf t he
full eregg 1) 6eifsnti By 09ingohfflriedr nitrialtid imiorder OOMIORYPERITY e~ Bxanpl e 1,
an

the inp cein a high frequency region depicts a flattened but very

smooth single semi-circul ar .arc j Wsatbigl §6as te fome dtsaderisEiiye.
char ged fyactipaaleEropps tt‘Plgh“pé*qu g wﬁgﬁﬁgh?n&%i nary number portion of the

i npedance is rapidly raised in a | ow frequency.r.edgi I oupe
occur r encenofdditionk a rigydrbl ysita tephaiqusr May| BS ‘ﬁéﬁ%@gﬁﬁ?@ﬁg}églhy%rmvgﬁ e?t rode
and the pellet as gradually nearing the DC VOlItﬁal?;ﬂ Vlgf;'h iéelsl e taltéo ipe

bl ocki ng, hecchar gegdygalH i filnktioaal vgrenps.he Il hygrelyfile|lec e“and the
pel | et iw%{eﬁyeg’gi@% Exarrplgell,I 1, the charged particles on the al um num

el ectrode side are electrons, d W] hdickyhpreupstfor hdifferent
char ged H&F@@}teglaiynf‘ﬁﬁ%wpg} |°é$§f 5‘?2&%%{3 glﬁeﬁgtr%ns gr ol es but ions, nore

specifically, protons in consideration of the nf i gur ati,of,Rfhaldenated
full er enﬁuﬂﬂfdnaatg'meps,Tmhcwdbétm(t);l{oé““f’ﬂgnéﬁg{/%‘ﬂ) éggral %’3 chdagréged
particles can be cal cul ated on the basis of an i nterc‘epjt lgfe éSP‘-?? f%g} fhet
circul ar - LA ffaBstiaris used ds avbase pheawx-matesial §8ra% e et of

| nvent i vé‘?@gfég?fy&i‘ab%cﬂg conductivity of the charged articles beconmes about”

5. 10-6 S/cm The pellets of lnvent AshyPba subjecteditp asidd t o
the same tublal@urcéﬁ@ﬂacﬁguﬁé’%@fmﬁrﬁegcét%@‘é.’ @32 zllf“?géﬁ?t, }fhe ml e shape in

each of the frequency characteristic of the i, apce |Nieagkifirebi@s to
| nvent i var&atmeat by wimgnsuliuiie osmmﬁicaﬁrCI@@Sﬂ’FiﬁY‘r‘T’Bgﬂ'l ﬂ\?‘é‘hﬁs.g% E'geladrqrprfg 1;
however, as shown in Table 1, the conductivity of charged partigl es in each

of Inventive 1 JorhR ik A0 SRAZBUS Snateral fRioriristiaiprefergyitedbasi s

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 non-halogenated tubular carbonaceous material is

| ' ther
subjected to plasma treatment in an oxygen gas and then subjected to fur



40 of an intercept of a circular-arc portion with the X-axis, is different
than in Inventive Exanple 1. Table 1 Conductivities of PélJanuaryf 2pPét on
Conductors in Inventive Exanples 1, 2 and 3 (at 25 C) Kind of Pellets
Conductivity (S/cm Inventive Exanple 1 5X1 Inventive Exanple 2 Inventive
Exampl e 3 2X1 As shown in Table 1, tH& cond

ctivit e | &fotdfn t he
fuller jﬁﬁsrﬂﬁ ltieafheeundat ailyidiggermgas CBD3|9T§‘?TOUK% ﬁ%t%dﬁ& PR | Bko
n

use 1oni zation of
hydr og easi er than the hydroxyl groups. The results of Tabl

' bervtwlar rgorsutesyof 6Bg1
t hat the aggregate of the. Sx(lerogs ue thonubwiar y I
groups @isEP gj?‘&lspst@@éénaw&ﬁfﬂ?t,ﬂieﬁka dry atnosphere, a good proton
conductivity at ordinary tenperature. Next, the conplex inpedance of the
pel | et mbgmtmd)dmcbnwmamféalExanpl e 1 was neasured in a tenperature range

from160 Cto -40 C, and the conductiv ity of the pellft Was E&J«tﬁ{;’hat ed
on the basis §£ f@regb{r\fgé'is%e?élji ap@xblamtion offreprefepred magyiagyag JEtEPE o
conpl ex irrpe?; nce Ccur of the pellet neasured at each terrperait.ur.éd]to
exam ne the tenperature dependen e (RO Bedsehi inventionds nbelimateg ¢ s.
shown ianhegcarhgn{lQ%SA\"i"ﬁgﬁW °‘E"¥"é§$",’ﬁ‘?§ Pspappar ent that the conductivity
changed in a straight-line or |inear fashion Wlﬁf?

| f tofl fhede Clidale i N
tenperature Tpé fvemtion hagexamined hihe PHIHRES %caﬁﬁtgﬁscpé)rfaﬁjrg range of
160 Cto -40 C. In other words,

carbonaceous material derivatives and found that these materials provided a high

proton conductivity under a varying temperature range that includes the ordinary
teinperature 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 6f h’ydroxyl groups are added t(_)
a number of tubular molecules 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 considered 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 illustréted 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



data of .Fig. 19 shows that a single ion conduction nmechani smcan occur at

| east within the tenperature range of 160C to -40C The pr&amoaryolddiet or
essentially conprising the fullerene derivative according to the present

i nvention, therefore, can exhibit a good proton conductivity in a w de
tenperature range from-40C to 120C bhat i ncl udes ordlignlaﬁr*y tghrrp \rﬂatgﬁres.
Generating Electricit i1fBRfer Gy NAidrhgoki hbilidy 50 oh of the
pol yhy(‘PPBaS}‘IEé‘f@ﬁ ‘:*’61 ﬁ%ra@@)ft%aml el gam)ng Examples 1 to 3 was mi xed
with 1g of tetrahydrofurane (THF), and the m : S dVBSeatht 6RHetubular br at ed
for 10 'mtsefsomrthsmhpnnlgcm&t% &TBHBFQE*’B a&?s?éé%’f‘i‘ on of the

pol yhydroxyl ated fullerene in THF. After fabricating a carbon el ectrode, a

film of Bﬁ%uﬁgl&fhﬁggggg{@&@ﬁylhwdl SWaNTumatetiol pebullymatdiadt eps of : maski ng

t he fsurlpace_ of the rode” by a plastic nmask having a rectangul ar _
e e AR IRy 5455 i B s 1 bmicoparbn prpsac ng
CE0ve.“Siacior vlonamesomposhacor v esrasan anpey ot SR GEE] bod
The upper el ectrode was pressed by about 5 tons/cn2 to conplete a ¢ _
R s T AR S

gas to one electrode and air_ t | ect r ho diher hued, heddogen 7
Januar yn%@&f@WKBNTehbﬁnignBWtfél %gﬁ}ﬁ g?%ﬁgﬁﬁoﬁﬁith@g g. 20. Thscgdl open

circuit voltage was about 1.2V, and the characterigsti a fof Fii@ I_glré}?ﬁés
circuit Mﬁ%ﬁea&?erVWW@HTo i xasth @8 Osiggiraups arresubistityat 105 (Rt °f uel
cell. <E’ro uction of Pellet of Pol yhydroxyl ated Ful |l erene 4A of Exanple 4>

First, 70 ng of .the .po f f eiffl @i st iorenmiyt simelipnspusiye
above- d&ﬁ%@%’lgyﬂlﬁe S %I-/gsgrh‘lnﬁsédﬁvwkﬁ?ﬁ?ol gy l%f a powder of

pol yvi nyl i dene fluoride, followe Py . cule.

di met hyldoatainplural hydraxyogroNRg aﬂgé’?‘g‘éﬁg&é3¢%ﬁgﬁpnﬁo 1)1(1§OJ{9 V\gl(ra’ge stirred in the
solvent. The m xture was poured in a circular nold havin 1a di a ] L&h pf 15
mm and the Sﬁ{eVgﬂf&oﬁ\’éénM@ﬁﬂf)abﬁﬂlmﬁe}ara:aﬂmm@é@l“i)mé‘é%‘ SRl Tah, o
from whi ch the sol vent was evaporated was then pressed into a pellet Eavi ng

a diameter_ of 15 mmand,a gi f H10sileSMving B ntmbier sofp Bnaiona
taken adingludes|an aggregaty rﬂ?eﬁ{gieb%h@anrr%qe 47 SProduction of Pellet of

Pol yhydroxyl ated Full erene 4B of Exappl e > S P embfiniehss, iswder
of the fgioupsgchike &apmﬁon@enw&éwﬁ&egﬁlﬁ °LP gég{og‘l}ﬁgﬁt contai ning 60% of a
fine powder of polytetrafluoroethylene (PTFE) in such a naaaﬁronépga e
content phy ll?ﬁrnﬁédhﬁﬁﬁi@eﬂvﬂéﬂmeﬁtal serrbasdingss  Imdhisovay, aagat! Wieaded.
The m xture thus Kneaded was nolded into a pellet having a di a.metgdr gf 15
mm and a thi ckness of about 3 s Piatedtisi ot ndcessay W P aree 4B
of | nven®f PECORE HHPR mlg@i&% ﬁl%glmsﬂj%’f E&;dr ogensul fate-Esterificated

Pol yful | erene Hydride (all estrification) of. Exanple 5> The synthesis of a
hydr Ogenr&]iz‘e&hedeSin«’lblere&fe@tSAﬁfsthﬁéFFM%t’t%‘ ref erence

the reason why the tubular carbonaceous

Similar to the other embodiments,

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

i i in
corresponds to the conductivity per unit volume of the conductor is very large 1

size.



7 January 2004 43 to the above-described docunent. First, 1 g of the powder
of a polyhydroxylated fullerene was put in 60 m of fum hgisuwaryr 2604&ci d,
and was stirred for three days while kept in a nitrogen atnosphere at
ordinary tenperature. The reactant was put little by little in diethyl

et her anhydride cooled in an ice bath and the deposit ]263 fr atgti o\rilﬁat ed by
centrifugal _separaf.j.on, cl.eaned e & deyugli endtytialet derlvathe t Wk ce by a
m xture of Ufet h%ffélbf’ﬂ’er e{ﬁg actel{b(tg'!lzlﬁt r(%a:rm a mxing ratio of 2 : 1, and

dried under a reduced pressure at _40C. po th LA SRereBsTe S410) ect ed
to F'I 'mdgayrmaﬁpomabmﬁcarbenatqié%ef Pi,‘ci ﬂ@theéﬂgﬁééﬂ?‘ﬂ%"gp ¢ ta hg powder nearly
confornmed to that of a fullerene derivative in which the hydroxyl groups

wer e ai‘.}ghfllﬁgé,g%%g{ ﬁphf(ﬁ{& bt GeRs niposvsiadite nvocontain ANYrePTHMIIAY e t

was co e powder was the hydrogen sulfated fullerene as the

target material. <Productipon of Pellet . : fad matsfiadrfori cat ed
Pol yf ulMerenyer,Hhér t\@)@lqraqafgggi}qe'ﬂflﬁ éﬁ?etf’él%fﬂ%{t lg‘gﬁg?%??;bﬁ rst, 70 my of the

powder of the hydrogen sulfated fullerene deriyvative was, ni xed 10 ny
of a p&?(i?aﬁciﬂ% nakY Vdeiuatisrenehéteobr icdn, tfeolpw&élee‘%y é(da‘faﬁwgﬁ%oft ‘.L’Qalm of

di met h ormamm de thereto, and the powders thus m xed Wev;le s&jir;iﬁgllg;rn t he
sol vent, The m.xture i Bt a3 Cjgweukast. molAd haviesglita taea of 15
nm anodqqq@%FWhto% %@%ﬁ’agea under a reduced pressure. The m xture
from whi ch the solvent was evaporated was t 18tf0r deRfinsedf havi ng
a di anetabondcebEs matenial ds (rEgaldgd s Gfmﬁg‘%@qgﬁ%ﬁf%gs@&ch a pellet is
taken as a pellet of 5A of Inventive Exanple 5. <Produ ai on (if Ealﬁ t 5B of
Hydr ogensybI ! enfhoffidut Gidegodipy ul (Garbos Vol Yarar 312004 189514 ae
(all estri |cét|o§1r)b of Exanple 5> Simlarly, 70 nmg of the powder of the
hydr ogen S§| fated fullerene was m xed with a dispersion containing 60% of a
fine po&ﬂ% ) of pol ytetrafl uoroet hyl ene (PTFE) in such a manner that the
content of PTFE becanme 1 wt% on the basis of the t BRI i idtiipeaded.
The mixture Pucerdingatdethe study of the present BlvenlSe bRURL gt bissaoidtikg

groups, the proton dissociating groups are not limited to the hydroxyl or -0OSO;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 -OSO;H, and -COOH, -SO;H and -OPO(OH) 5 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, 'carbony] groups and carboxyl groups, nitrile groups, alkyl halide groups ot



was nolded into a pellet having a dianeter of 15 nmmand a thickness of
about 300 ,um Such a pellet is taken as a pellet of 5B &fJ4nnadnt £0e4
Exanpl e 5. <Synthesis of Hydrogensul fate-Esterificated Pol yfullerene
Hydride (partial estrification) of Exanple 6> First, 2g of a powder of a
m xture of C60 and C.,o0 containing abdut 15% of Coo waﬁ% g@t I n 3(? nmly of
fumi ng ﬁa%éé{{ | gtoffd defluttharesr stliloriad Atams)hmeay diy PIRHT YodntQdUEEs: i n a
nitrogen atnosphere at 60C. The reactant was put little by little in

di et hyl h | ed i : ' b /L ! X
X0 SLTEh SR, ol sty B chponoloms s ot t e

Heposit thus obtained was

fractionated by centrifugal separation, cleane hr ee . 'n%ﬁ)_ dicgtyhy |
et her a&ibbh\ﬁ&bubymatariwltud’@rwxmplewhe p At d et'gnftrl g’at@g %ln'xi ng
ratio of 2 :1, and dried under a reduced pressure at 40C. A powder ¢{hus

obt ai ne ject Fir 14 iBi) cléstrenratractive gHAIPSRCAHBEL rum
'&t‘)&ﬁr'ﬁfg&r y%&n@&rﬁdgtaﬁe fﬂ?fz% of )¢

of the a fullerene derivative containing
t he hydroxyl groups and OSO3H groups sho I R, sAcH dshomefore,
it was dmndduceddto SWCNE %M%ﬁ %aihet Hé‘\”@& @‘ﬁé‘tﬁ%‘g‘?ﬁ Ug‘f)%/g?sogen sul f at ed
fullerene as the target material. <Production of Pellet,K 6A qf. e

Hydr ogegw{_}ﬁs@lt owiE td pranee dfollyf ellectror radtractive) SRS in GG4 iRy 19 48
(partialP 45 estrification) of Exanple 6> First, 70 ng of a pgvvder_ gf t he
pol yhydroxyl hydrogen .sul 06 delchyat from Waspritoredissoeiating g of
a pomdelf“%%/t“ﬁ@?(ﬁ’i? ’ilﬁgn‘iea%&ﬁ(ééi’?@g,ﬁg?ol Fowed by addition of 0.5 m of

di met hyl formam de thereto, and the powders f.hus.mxe hd ER@tiod t he
sol vent .gratpes and tber waneferrpd hedweem t PF?‘EHI‘%FS%Z{F g{#%ebaf glllgmat er of 15

mm and the sol vent was evaporated under a reduced pressure. The m xture
from whigh. & s M th¥Rfechiohpairattdee geoupshen pressed into a pellet having
a diameter of 15 mmand a thickness of about 300 ~m Such a pellet is taken
as a pellet O\R/it?lAré)sfpe!:p 2 hi Viurdisamok epr@ton 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

i i ivati ing i erein
among these other ingredients is the fullerene derivative having introduced th

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



<Production of Pellet 6B of -Hydrogensul fate-Esterificated Pol yfullerene

Hydride (partial estrification) of Exanple 6> Simlarly, 770anggof 2008

powder of the pol yhydroxyl ated hydrogen sulfated fullerene was mxed with a

di spersion containing 60%of a fine powder of polytetrafl uoroethyl ene

(PTFE) in such a manner that the cont®nt of PTFE becane Vw()/%onnéf'%% basi s
ed

of the total, anmpun : QfresThe discussed t hbevinead into
a pell &ntwpwngogf%%&égggﬁgﬁ nm and a thickness of about 300 ,um Such

a pellet is taken as a pellet of £, 1N i n"Kheén @ gdodhé on of
Pel | et mvmga;emwgemn%ﬁgﬁi%&%%i&% %ﬁgéél‘ggrrﬁ%%rrpari sglrjll,sﬂgo my of a

powder of the fullerene nolecules used as the raw math(e#j ai é%cﬁl@ are

synt heSifechré_éH}ﬁi%QP\ﬂ@v&éamlﬁﬂ falberan aterivatived dsnPrsiicd’ fwder of

pol yvi n§15dene 11 tori de, tollowed by addition of 0.5 m o(;d , oton

di et hyl f or mam de t hereto, ;and e efie trudstion xef ndreduing r t he

sol vent aggregag%dé’lg?t 04.3@)%5}??11 Q@ﬁ?eiwas poured in a circular nold

having a dianeter of 15 mm and the sol vent .was ev eUNgfRl Hgheaduced

Pr essur gssHRRtiipX igeoepd rcam whtush MAe EA ntmv@ssgeggg%]?gféehd’was then

pressed 1nto a pellet having a dianmeter of 15 nmm and a ihi ckness ?ft bout
9?%“@(% e 2.

300 ,u m %ggv&%h{tﬁ%? n;g Jfr%hﬁ&:d%at i fui tebe onorEohgsiT

<Pr oduct | erene of Conparative Exanple 3> For

conparison, 70 of the powder of t Ll ejiesgor®| ecul es used as the raw
mat er | aImhtariatglsrgh@s‘?@)’iﬁpﬁﬁgng%@agﬁ‘@a{{r’f‘gla@ I was nixed with a di spersion

contai ning 60% of a fine powder of polytetrafl uqgroeth ( Rifferensuch a
manner that tge jgadentio oprodleeE abeomp@undmk‘%‘?ﬂfﬁtﬁ%mB&eﬁsq%(f)fta@;e t ot al

anmount, and kneaded. The m xture thus kneaded was nolded intp a eIoI ts
B“S)el | et

having a di ageter of, 1 hiatdeivs sntof whinhupraton dissecial
i's taken%efgﬁ&e?lcéfb%%c rr%gir%él?ﬁ/eaExarrple 3. Measurenent of Proton

Conductivities of Pellets of 'ﬂﬁ%{‘éﬂe"ﬁa%ﬁ‘i@’és?%f’o thibh qnotdlo dssogiating

Exanpl e Rave been introduced, and

inati ction
groups have been introduced, are used in combination, a further excellent fun

can be achieved.

i ial
According to the present invention, tubular carbonaceous mater

i mical
derivatives may be desirably formed as a film to be used for an electroche

device such as a fuel cell. _ _ .

. . di
These materials can be formed as a film by a known extrusion molding

. 3 1
technique and more preferably by dispersing the tubular carbonaceous materia

e di i water is
derivative in a liquid and filtering the dlspersmrll._ A solvent such as

. aq . L ited
generally used as the liquid. However, the liquid is not particularly limite

insofar as the derivative can be dispersed in the liquid.

i ivative is
By filtering the dispersion, the tubular carbonaceous material derivative

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



To measure a proton conductivity of each of the pellets of Inventive
Exanple 4 - 6 and Conparative Exanple 2, both sides of theJgeldrgt 20@84e hel d
bet ween al um num pl at es each having the sane dianeter as that of the
pellet, that is, 15 nm and AC voltages (anplitude: 0.1 V) at frequencies
ranging from7 Mz to 0.01 Hz are apphied to the pellet; 1to ra%?ﬁgﬁséa

conpl ex i npedance ate e f Ugisilar TEgboRAROIS Menmalerdalper f nder a
dry at dﬁs%é%‘?“@wt# rgglf}'ec'ltmf’?o t he above i npedance neasurenent, a proton
conducti ng 7 January 2004 47 portion,1, of ¢oraducsaeh eofibmsed of
t he abowhereit ithe tebulat malasylgs @éﬁﬁiﬁ%ﬂe& "ér?%ggﬂﬁ%}a ent circuit shown in
Fig. 17A, in which capacitances 6 and 6' are fornmed between first and

second ﬂ ef{,é;&@ﬁgh%tr%ﬂ (Bl &dh bheasihopeeied frotuthe fliehorti on 1 expressed by
8% ErPcuPt of

a paral resi stance 4 and a capacitance 5 held therebetween.

In addition, the capacjtange 5 desi : Al ¢ fcoatbinatiors evitiekliy at a
hi gh frequenhyﬁllﬁﬁb??’#g}gafq?]&ﬁerbef awg?gﬁfsa‘ggg&?%% resi stance 4 desi gnates

a paraneter of difficulty of mgration of profons. The. S ' ance Z
i s expramugst Girb@moequsmaverialfdezivative ipthe E‘Cl}“d’ I“n‘F(P?)S.Slbﬁgo %[rse ufec”r?ﬁgl)e/{ij
dependency on the proton conducting portion expressed by the above |,

equi val ent Gl f Cgﬁ@ﬂwﬁ&h?%ﬁﬁ%ed |0 aasbihbinarion BE thest aBaterielesWhIFhAgAID al ent
Ci rcuitCBIF‘st’é? conductor (Conparative Exanple to be described | ater)
using the typical fullerene nolecules that contain no dissociation of

pr ot on. deesnobcondpiaany BiGEE-s of measuring the inpedances of the pellet 1A
of Inventive Exanple 4 and the pellet of Conparative Exa e e ring
Co Fig. 21, A prbforpebheictof oftipambadiment i piedersbly e 5§ ol
characteristics of the conplex inpedance is nearly the same as the behavior

of a single capacitor, . LRAS of e fushtelbds amshownds Figect r ons,
i ons and>t HetheRIEYI0YF °E‘ﬁ@°ddé§%?l%3§tggﬁgf the full erene nolecules i s not

observed at all;, while, for the pellet of JJnv i # thsed lh the
i mpedance i n Ehenprgsent tnyeation Wé‘gﬁ%?nﬁﬁ'é’b‘??’é{% cgc@%:*ﬁéﬁ eﬁﬁhg{i@tut very smooth
single sem -circular arc, which shows the conductance of sone charged

particl bhdinténtpel 1 et, and the imagi nary nunmber portion of the inpedance
is rapidly raised in a | ow frequency region, which shows 7 January 2004

48 the occurregnce, of. bl j pelcreaelof@xnplethseen the al um num
el ectrode anf?@hﬁﬂﬁloﬁ%&ﬁsgdrrggxg#ﬁ/ nearing the DC voltage. Wth respect

to the bl ocking of the charged particles t wee IDWetefetenede and
t he pel |l et 1ATbé syntheaisi QfePSVMF%"ﬂ?gesh@?@ﬁ%%g{el@E%}'ﬁ cles on the al um num

el ectrode side are electrons, and accordingly, it is apparent thatt
char ged &f t iClcamihg, LY. NeAdgUs Wi Swinczeweki; Sosolest a&gseg]amﬁmﬁbjn's(?%r e
specifically, protons in consideration of the configuration of the

bt ot oCnéam 8 aifo, ABPA°ORE, g ot €' phwacr oue mibeee b Enanacin

circular-arc on the high frequency side wth t ~AX| ladincanglwas of
| nventi veoﬁﬁa&nﬂ)ngeabnuttlﬁ%dlfnghcw#iﬁ‘v ’&%Hﬁl 8ﬁ§?§é@é5§}fﬁﬁg %sll becone about
1X10-6 S/cm The pellets of 1B of Inventive Exanple 4, the pagoebss ar o

I nventi Vgggf&ﬂ”fﬂreth?ee angs WARlPekimt kepf in nveittiges atmospheres ahO% “sub DS+ ed

to the s neasur enent” as descri bed above. As a result, the whol ehshaé)e of
the frequency characteristi of, t i HAde@ebled int dve igeebath] and s
simlar treagtant was Pth‘é‘hﬁ F’Vgﬁgﬁdﬂﬁgh&ggﬂ%g&%@gr as shown in Table 2, the
conductivity of charged particles in each of the pel]ets i Hvi1e
SafeHeShEe AR e

basi's of (g deplositonns frictienatedcly aentrifygabsePyn axis, i
different fromthat in the pellet.

ether and twice by a mixture of diethyl ether and acetonitrile at a mixing ratio of 2:

a reduced pressure at 40°C. The deposit thus cleaned and

s at 85°C

1, and dried under

dried Was put into 60 ml of ion exchange water, and stirred for 10 hour



7 January 2004 49 Table 2 Conductivities of Pellets of Proton Conductors
Exanples (at 25 C) Kind of Pellets Conductivity (S/cm PeldmiaryA2604

I nventive Exanple 4 1 1 X 10-6 Pellet SA of Inventive Exanple 51 2 X 10~
Pell et 6A of Inventive Exanple 6 | 6 X 10-5 Pellet 4B of Inventive Exanple
41 3 X 10-6 Pellet SB of Inventive Bxanple 51 7 X 10~ Pellet 6B of

I nventive, Exanmpl e 6 | X1 i . Y end i As OY¥hdtdnt Tasak esubjedted bot h of
t he peIW]éltleWg’&s‘)@ﬁﬁ&géo&u(%})ﬁghﬂlns\l} tfl?]ft/fe0 anp?feés 4, 5, and 6, the
conductivity of the pellet of the fullerene derivati,ye contajni e OSO3H
groups toScen@ifyenl bépmatiomttoskpatate pdepesit, 3ndithe dPHW‘gWé’ﬁéﬂ%aé‘rep\fE? F{/az

contai ning the hydroxyl groups. The reason for this is that the OSO3H

e hydr o  that 11 |
9r oups (GAUSRy!RRL SAHLD Befat il { BRI Rmhigy] sépanatiors anglairiod andsioups

hat the aggregate of the fullerene

derivative containing the hydroxyl groups .and OS . ifgit, in
a dry ai medpdtesk p,rcsau@o@tj49ré1 or‘i{iﬁﬂg’ﬂcl’gwjﬂ/qlé‘fs ggﬁ%‘%‘?ﬁ e%p@fcg(;égrt?. Next ,
t he conpl ex i npedance of the pellet 4A of Inventive Exanple 4 was 7
Januar yppQ@¢ iBRaHREht N A heepelt ather IR spageutir ofiiB0obewc povdergeearlyng t he
conductivity of the pellet was cal culated on the basis of a circular-arc

portion on the high fr e i : CReSYoduimattanne thereferepfit t he
pel | et senformed t&t‘%&@ﬁ%@%i?%ﬁg%(}hg@gm ne the tenperature dependency

on the conductivity. The results are shown in Fig, s th TS

pl ot . Fixam donfirdedcatimhdhe powdargva she pplylydaﬁw%mz fz‘{‘f?é?“? ﬁé/ﬁc‘% Eg‘?é’? ivity
and tenperature exist in a linear relationship at [east within the

t emper aﬁg{t&i{ﬂ?ﬁgﬁ fHovi&ftsclibé@reatfionGs répresétied, fovedsmpliaconsering Cep2

shows t a single ion conduction nmechani smcan proceed in the tenperature
range of 160 Cto -40 C. The second proton conductor essentially

conpri sﬁﬁé"]ﬂ%‘é’sﬁ‘ ul l erene derivative and a polynmer material according to the
present invention, therefore, can exhibit a goagd proton conductivity in a

wi de tenperature range including ordinary t ature, particularly,
ranging froma high ¢ +H,S0, = Ce (0S00) > Ceo (OH)y
_ (SO ) (x=5106) (y=10to 12)

<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
powder

fullerene was excellent although the powder contained no binder resin, the

of the polyhydroxylated fullerene could be easily formed into a pellet having a

thickness of about 300 4m. Such a pellet is taken as a pellet in Inventive

Example 1.
<Synthesis of Hydrogensulfate-Esterificated Polyfullerene Hydride (all

esterification) of Example 2>



tenperature of 160C to a | ow tenperature of -40C. <Production of Carbon
Cluster Derivative of Exanple 7> Arc discharge was perf oV n&xhusarvagpP4i ng a
current of 200 A between both el ectrodes conposed of carbon bars in 0.05
MPa of an argon, to thus obtain 1 g of a carbon powder. The carbon powder
was mxed with 1D0 m of 60% fum ng s4 furic acid, and kept for three days

in a nitrogen flow at .60C,. The i.ng e BRE Wis Yserfigmedwatitlr  bat h.
The reacti oﬁ'ﬁé%l ﬁW@ﬁs\ﬁ/as%fdr%pngﬁgept e tyetal ﬁlﬁre in 50 of pure water,

n
and a solid matter was separated fromthe water solutian by ¢ rj a
separ at teferenet haal. thithabeve-ddseribad rdogumenteanEdsk e &r 8? Bi ﬁggﬁ%@ éfte%? hyl
et her anhydride, and dried for five hours under a reduced pressure

7
Januar yg&@%&d%wg@%ﬁ@féréﬁé Hbésapht RAVEEmMaSs fainif ssbfurid acid, E@dnvast

tetrahy ira an insolubl e component renoved by filtering, and
the solvent was evaporated ynder, a reduced pressure | Nt Syrdflar
matt er stigedi fort thaee glayg waulee Peinig ﬁpﬁdnmﬁsn'&pggée%&gqs?)gkféo?}:e of 59I
tons/cn2 into a circular pellet having a dianmeter of 15 mm Sugl;]yfﬁi&el | et

is take'ﬂelﬁ?eﬁttﬁ%l | erhd)freddﬂafxﬁnbxia\sg?ﬂ(ﬁmé ebyr little aigudéethlit edperpa
Conductivit of Pellet of Carbon Custer Derivative of Exanple 7 The AC

i npedance of, t he pel ket of J Rventi iofiattdsb fttifagal sepmration,ai r i n
accor dar‘r‘{?@ﬁif& Mhapqee bﬁhﬁ arpgnﬁl\eér aﬂso\égegésirfgiecgmg%ove.% a rgsul tp,i1 it was
confirmed that an inpedance behavior resulti fromion.c

appear ealéansed thregimey byediethylosthenanggwige Bg%ml e@én‘ﬁ%@& ?&lﬁ%e‘glfd t he
pell et of Inventive Exanple 7 was cal cul ated, on the basis of the djaneter

of 2 Cf rebl ek 5t A4hiineratidie of PReH el eh audera retucad prasure AHQ -
roon

<Pr oduction o ster Derivative of Exanple 8> Arc di scharge was

perfornmed by applying. a.cucrent qf. 200 ~ hbet EeCpkofdpsuloriRosed
of car borﬁm&fﬁ%@?@?t%ﬁ cYYaSaWQ[HPéSﬁ tagf&&ﬁ?ﬂﬁgkgﬁﬁgi np‘fo‘g of g car bon
powder. The carbon powder was dissolved in tol uene, logn inffﬁl ubl elﬁga?d)nent
was renRedpbytriin tofrthegpowddr trrearlyolconfarmads teBab t &hYfa8en S Uced
pressure to obtain a powder again. The resultant powder was m xed. with 100

m of 60%%‘1‘6%“]‘{:% S\‘x}hidhr ke f}gyicﬂox?ngr ! viere éditrely deplacedideithahydriogegen

flow at € heating was pertformed by using a water bath. The reaction

solution was dropped |1ttLa P il ddwi? dn The Codtithént! 3@ theféfrg) iol i d

matt er ayfated groups, 1.e. -

confirmed that the powder was the hydrogen sulfated fullerene as the target

material.

The above-described reaction is represented, for example, concemning C69

(OH), as follows (here and hereinafter):

+H2804
Ce (OH)y; —> Ce (OSOsH)y

<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 diréction at a pressure of about 5 tons/cm? into a circular pellet having a



7 January 2004 52 separated-fromthe water solution by centrifugal

separation method. The solid nmatter was cl eaned several ¥id#emdyy dPethyl

et her anhydride, and dried for five hours under a reduced pressure at 40C

The solid matter of 50 ng was under a force of 7tons/ into a circular

pell et of Inventive Exanple 8. <Measuwsenent of Protl?n Cogduc%ihvighéggf

Pel | et pof anpl AC i a edbmbhétiviey béthopowaeenr Ny nple 8
RlmEsimie §5 Wi AC idmedatke esmbhetiviey

was ne y al'r in accordance with the sanme nmanner as descri bed

above. As a result, it was confirnmed, that an, .l irGesiniethel ting
fromi csulftatmﬂﬁdleamwap}%ﬁ@]é@tiWhé’“gpégﬁgﬂwq ggﬁ%n 0 nqgh?dM_élzr osr ess. The

conductivity of the pellet of Inventive Exanple 8 was, cal cu Lﬁd . on the
basi s o&,@g S rg,nﬁbﬁén gfilfatedifulietene-autd bareasily formed 1%@&.911,@ BEWEA or, at
10~ /cm”. T i

3.4 X e mai n conmponent of the carbon powder obtained by arc

di scharge was carbon clusters or | ecul f boh Cchfteis Ingentioei ng a
cl osed thicknessiraf, ab@éh?’gé, Hele 5 r@[ Pue?lﬁefﬁeg b%hhg%]/ian a structure at

| east part of which has open ends. In addition, nolecules having a

struct Uﬁeam‘@za good el ectronic conductivity, simlar to the graphite
struct uF&? iCh are slightly contained in the carbon cluster nol ecul es,

obstruct the function of the ignic tr ¥ ot b3 1y fl exargpHy dridand
directly afteByathesisiefd ‘@ﬁyiIﬂ“‘%ﬁ?ﬂi@%ﬁ%’?g&g&%ya resul t? it was

confirmed by the AC i npedance nethod that the pellet has no electronic

conduct iydrtixl edtedificAompows the TOF- M5 spectrum of (a] carbon powder
obt ai ned by arc discharge. As shown in Fig. 23, nost of the carbon powder

has a mass n [ Of r . i, ahlleCparcbntainingbarousfl 5ok
WIRE 20 or RN of BSRixtiRAbE Gy ablicChia

| ess. Since ondi ng 7 January 2004 53 di stance of the

carbon powder is less thapn 2 A t di ane edabowlilaust ers
of the [oweas put ine3Q mlh%f%glgwﬁ‘m'ﬂé?(?Flc%%égpqli’%sggﬁﬁe%f?iﬂﬁg t ubul ar

carbonaceous naterial is used as .
being kept in a nitrogen atmosphere at 60°C. The reactant was pu

t 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 material. The above-described reactions

i d hereinafter):
are represented, for example, concerning Cyo as follows (here an )

. +H,0
Ceo + HzSO4 - Ceo (OSOZO)X > Ceo (OSO:;H)Z (OH)y
(SO3) (x=5~6) (y+z =10~12)



carbonaceous material. <Synthesis 1 of a Pol yhydroxyl ated SWCNT Material > A
refined SWCNT material was prepared and then burned for tepathgiys 2804250C
under a fluorine gas in order to obtain polyfluorinated SWCNT. The

pol yfl uori nated SWCNT was placed in pure water and refluxed for three days
at 100C whil e being strongly stirredayn order ;{oﬂsubsti]tf;ée%%&éil@ggéi ne
atons for hydroxyl. .gr t ren upfing in e geaisy r VCNT
mat eri al  whi€fo Ecﬁlg‘éﬁ%ﬁfﬂf e(geégggcgfagferi al in Ilrbllvent i ve Exanple 9.

<Synt hesi s of Hydrogen Sul fated SWCNT> Pol yhydr oxyl ated SWCNT ~ produced in

t he sanpolgmm@f@nai{ydﬁﬁe ofExamplet I e Exampl e 9 was placed in fum ng
sul furic aci

d and stirred for three days at 60C in_order Ltoekg@kﬁ%?eﬁ@e
hydr oxyl groups vgd Q.lédlaf t@%'ﬁ‘l(ﬁ&%fp@pbbéry@quylebmrﬂgﬁﬁ sulfag ydr ogen
sulfated S Xt et as i'dentified in Inventive ;ngnple 10.@5}12{!htesis 2
of Pol yhydroxyl ated SWONT> A refine WB 5qbh§emfdatopa ejran RAdCE hen
subj ect edstpresseddorons @S?Fé‘oc“r@aﬁﬂ’éeﬁ?‘!r en,oq'?he at nosphere in the chanber
was replaced with hydrogen and the material was subsequen I%J.Qj&qt of to
hydr oge@,agi,?%sg@ AihgRkerenf if amder Sincebihs (FOIRRA ‘(Yllts'hy%gr té'ji% at ed SWCNT
mat eri al as entified as 7 January 2004 54 In;/i}enti::{]lghEX%g%gvész’Wdef
<Production of Samml e, Fi > fletdne @asvexcdllong @ghal
di spersdl!’lylihy%é‘ og%lgsséllﬂs:agée:&r]s@on was filtered on a filter papertezflvi ng
pores of 0.2 ,u mby suction in order to b htdxhl [mdeogemestifh
paper. Tdyhtsinedho djindtrer@ﬁlﬁpé‘?"sip&ﬁ"‘{eé %feqﬁgﬂ?dé&%% wafg adjusted to formthe
filmhaving a thickness of 100 ,c.Lm

3 ; i f about 300 um.
fullerene could be easily formed into a pellet having a thickness 0

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 péllct is taken as a pellet in Comparative

Example 1.

i d
Measurement of Proton Conductivities of Pellets of Inventive Examples 1 to 3 an

Comparative Example 1

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



The fil mdeposited on the filter paper could be easily peeled therefrom
These filnms thus obtained are taken as filnms in Inventive Exardye209410 and
11. A material obtained by mxing the material in Inventive Exanple 10 with
a hydrogen sulfated fullerene derivative at a weight ratio of 1: 1 was
filtered in the same manner as descrisped above to forma film as ieﬂantified

in | nvant v Eapl o 2 Filhd Baniile SYONTidss of oapelioh tarhsh

substi t I'n t me manner as descri bed above to formthe

filmwhich is identified as Conpayatjve Exanpl <easirEpelleQfthatr ot on
Conductbeativeeralahinim patemsadh hagmg the s3my gﬁ&’ﬁ“@’o?\%ﬁfg‘?i Vi téy"pof éach of the

films in Inventive Exanples 9 to 12 and Conparative Exanpl e 4, | des
frtrp o MHF

of the i d atapes taraplitideutIf Vi) lat frennencioRFRngdng sc
shape h v?%]d}m{g’gpg%t er 1 m(ﬁ he di sc was hel d between el ectrodes, and AC

vol tages (anplitude: 0,1 t frequenci o] (hpeddtcet at Gadl Hz
wer e apfs Ekﬂil Tz effe aPP]‘?ﬁlEt% ﬁﬁagﬂfeg’ gd]gllégrf%f%%%i ‘r:r?o}gggeﬁge gt each frequency.
The neasurenent was perfornmed under a dry atcgsa\;)ﬁgeg. 7er anuary 2004 55
The Weaﬁgqaeﬁéy. rERelhteairetnt wasmarforasdiandst Ay s{mOSPRETE i | | be

descri bed 'bel ow. The conpl ex i npedance of the filmwas fixed at a | ow

resi stance, t\pﬁh eriegP%&% Tel aﬁ&@@g@?pame tvasatement | aepretor condigingue ¢ o

the fact tha Ctronic cond ivity of the SWCNT materi al of

Conpar ative Exanple 4 is high., As a resul ' S edjefidt tdlaétricalyf i | m
i n Conpaoation el EQfin| RIOIIE ARG ﬁg’é‘goﬁéd aé’nft iﬂc{)\%i %ﬁcﬁ)gn?gctor. The

measurenent results of the films in Inventive Exanpl ﬁs 9 -, 12e ] lAncf@’
descri b%n?ﬁhﬂfﬁ aﬁ\eg@iﬁ'ﬁle@ﬁ cirepitchowm iof Fighd 74, imvahch coRacaneeeRa e 10 is
representatively shown in Fig. 24. Referring to Fig. 24, the irrpgdcatmce in a
hi'gh 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) +1°¢ 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



frequency region depicts a flattened but very snooth sem -circul ar curve,
whi ch shows the conductance of sone charged particles in7thendadymzand the

i magi nary nunber portion of the inpedance is rapidly raised in a | ow
frequency region, which shows the occurrence of the bl ocking of charged
particles between the al um num el ect qgdes and the filmas gradually nearing

to a DC voltage, Wth,.respect bliagkdeeols nbarlghthregeamgant ildfes
bet weercharRCteRFH (S nuf#el e@t%r odtg’8g{ﬂé% hie ?i Imin Inventive Exanple 10, the

charged particles on the alum num el ectrode side leQiSlecROfls,
accor digayior 6f 4 singhpeapasitor and theecandichage ﬁgﬁ,g{g%@aﬁﬁ&tegg filmare not
el ectrons or holes but ions, nore specifically, protons in consjiderdng of

the structurg of Dhemnaedallsretermukeciles is mat OPIHINE f‘ﬁ%ﬁ’fi | m
W t h re@ﬂé@?ﬁttgetlhleé?folk%ltl%regﬁflentive Exanpl es 9, 11 and 12, the behavi or

of these films are simlar o that. of ¢ [ | d uendy regidixdepicks 40 as
obser vedhileg Iﬁm@vmﬁ&?@xwﬁ"aldﬁ\ﬁf‘é‘?wggg? Ld%h%eglglfﬂfg of ){[t% Ci r?:: ar arc
t her ebet ween. 7 January 2004 56 Accordingly, it s _reveal he
films i g,lEKENbil Celpsmpbiasingle stiduumlamitg, Wi e derndichiet of
carbonaceous material derivative of a proton conduct or.bWthm( espgﬁ eto t he
above i npedange asuf. n{ s RN 10 ighdgin monbéropomiagy O
filmliRaMSr sﬁgﬂ%&ﬂ{}?ﬁ&%%ﬁ??ﬁ%i an el ectgriﬂggl |y equivalent 'circuit
in which a capacitance is fornmed befween firs : gheettiatarcen th a
resi st aﬁﬁ?eklantdnts napitly raised dn dtIPW rﬁ‘b‘l“’cl}cgrfeﬁieqngqﬁﬁ%ﬁgggﬁ\ﬁeen as simlarly
identified in the previously discussed enbodi nents and%gé furt heé1 et
L USCT o i) O cliffed pariels betweert fhe dapinymeslecirod PRATCECt A oy
hase a hi

ef f ect ay at gh frequency) upon mgration of pré)‘t OCE;;I) ad t he
resi stance desi gnates of wetit Lkt Yo he blegking af the E&fhs.
The neaﬂﬂéuaﬂwgﬂget%fpﬁ? ﬁﬁgé%se‘éﬁ%@f‘?ﬁ’g equation, Z=Re (2) +i - Im
(Z2). The frequency dependency on the proto ond Vi d EQampds 1,

exami nedparﬁlcﬁsscbadm:nithbtqlumﬂmtlﬁeel&ﬁ'é‘é‘ée &BgéﬁF l?eegl%%%rl g‘)e{%fﬁgérti cl \gg’écan be
cal cul at'ed on the basis of an intercept of the circular=arc (fn thﬁin@l?h
frequenc ef;ixlﬁ‘? ?& p%f&]‘est 56 the Mainsinuifhelecivade sideare glastrongeang oot ’

| nventiv an%e I's about 2 X 10-5 S/cm The conductivities of the film

iTgbIOte " g r itl,ig Va%r[])tairé/net tﬁg(ﬁﬂgl charged p Sl & e fARLIR WL betromsosholgh biuh

. . » . . e
jons, more specifically, protons in consideration of the configuration of th
fullerene derivative.

culated

-

The conductivity of the above-described charged particles_can be cal

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

) i 2 and
particles becomes about 5. 10 S/cm. The pellets of Inventive Examples

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



7 January 2004 Table 3 57 Conductivities of proton conductor film of
present invention (25C) Kind of filnConductivity (S/cm Fil fawfaayné8hti ve
Exanple 92 X 10-i Fil mof Inventive Exanple 102 X 10-5Fi I mof Inventive
Exanple 117 X 10-8Fil m of Inventive Exanple 123 X 10-4 As it is apparent in
Tabl e 3, when the hydrogen sulfated f#nctional groups to he introﬂyoced to
the ! ubll Ao RRIPLNFACEHMIAR BiRE basis o pninercopt oha @sagﬂ‘afrco% % he
pr ot on ctiVity in the filmtends to be large. The reason for this is
that the OSO3H_groups ,cause, joni.zat] on. of n nore easily than the
hydr oxyWwithrtbep%s-axfhds F‘kfg"dFP%{h?HdW&i{%%?“%h%mggggggate of the tubul ar
carbonaceous nmaterial derivative containing the hydroxyl groups and OSO3H
groups can~exhibit, in a dry atnosphere, a good proton conductivity at
ordi nary tenperature. 7 January 2004 58 Clains 1. A prot %;gcoridu&t gr
conprising, a,car bonaceous ' @udtosl inyInventivé mpleatben
cluster Tﬁglﬁ ﬁgél%‘(ﬁ{cﬁrvitf%tﬁ#ﬁ%ﬁgfgﬁgﬁnsgggi ating groups, wherein the

carbon cluster is an aggregation or bonded nol ecul e of hundreds to
t housangadd (s 258Q) at ons.

Kind of Pellets Conductivity (S/cm)
Inventive Example 1 5X_10’6
Invgytive Example 2 9X10™
Inventive Example 3 2X10°

As shown in Table 1, the conductivity of the pellet of the fullerene
derivative containing the -OSOsH 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 OSOsH groups can exhibit,
ina 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



2. The proton conductor according to claim1, wherein the carbon cluster is
a fullerene nolecule. 3. The proton conductor accordi ng 7oJ&iwmn 200dherein
the carbon cluster has a structure in which at |east part of the fullerene
structure has open ends. 4. A proton conductor conprising a carbonaceous
material that essentially conprises aticarbon cl us;&g &Elavig?g tﬁgg{wuq:{alsl ty of
proton dissogi at | cr4hifE Safigé hef cle05¢h te| +AQ e, | &0 P ;

car bona\ggﬁﬂkﬁ?ﬁa %?gfgdogeqﬁg pr ot on %onductor conpri sing a carbonaceous
material that essentially conprises a cakb C ShisifehR®ceuphtiteaki ty of
pr ot on ditaufcFig il9gshpveu phat ﬂ/vst’é‘gi"r R ﬁgn@‘écgg)élnhtél%hster has a di anond
structure. 6. The proton conductor according to claim1l ggggr

oclam 1. vher ef nd b,
car bona t oL i abr#@EPhees ¢hd60dbdn ef0iCer sTHENE 058{’?11‘&%. 7. The
pr ot on @iﬁ%@c@r Qg@?grrdi ng togégl aim1, wherein the proton dissociating
groups are expressed. hy - XH wher L eRk; Srdfig abthe rpaesenttioverdronan
atom c gsssanpa lha&(’m&‘émégﬁﬁggpmﬁﬁrtc(%s;&]e&ﬁ%?\lgé%rfa I—Freprespgnts a hydrogen
atom 7 January 2004 59 8. The proton caonductor, accordi t QnGk&dmh 7,
wher ei n ﬂ&{}@fd}é otfanextibitacgaadd prptgn @Qpéuér‘é%%b? é?‘é‘élg gewgta%%eo@n-&%g—idﬂlv\her ey
Is an arbitrary atomor an atom c group having a bival ent bond, and where O

wner o1 n-theCpreot G s B ted Trom Lhe group

ps are selected fromthe group
consi sting of -OH_-0S03H, -COQH, . -SQ3H, .an R Sof 1xamipRe PI ofmh
conduct doraringr di Kilmo Inclading Polyhygroxyldied Socl at 1 ng groups and
el ectron attractive groups are introduced in the carbonaceous material. 11.

The protQp, GoRdY H1eEtrRag Fxiictimeént Wsiaj Imherein the el ectron attractive
groups _ e romthe group consisting of nitro groups, carbonyl
groups, carboxyl g gF i Isjbw'&'e} bk e BoRHRRIroAIkd fudleretee of BupmpladcamanSgen

at ons.

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
polyhydroxylatéd fullerene in THF. After fabricating a carbon electrode, a film
of the polyhydroxylated fullerene was formed by the steps of: masking the surfa;:e
of the electrode by a plastic mask having a rectangular opening, dripping the
‘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 its 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 2 fuel cell
as shown in Fig. 9. A generating electricity experiment was performed by

supplying hydrogen gas to one electrode and air to another electrode in the fuel

cell.



12. The.proton conductor according to claim1l, essentially consisting of

t he carbonaceous material into which the proton dissoci afi fpupryug804ér e

i ntroduced. 13. The proton conductor according to claim1, conprising the
car bonaceous material into which the proton dissociating groups are

I ntroduced and a polynmer material. 142 The proton conductar gccording to

d
claim 13, %ﬁ bR YeuRIt i8BhewRl inh&sg.n@0el ddrer ORFR st SRIREF y. 15.

The proton or according to claim 13, wherein the polynmer material is
at least one kind selected from pol yfl t NEirckie! voltdpel wdsnalso 7
Januar ywaoebott Jc2Vdandathe 6{31"‘99 eﬁ?ﬁ‘él@gmﬁe&%alg The prac%eon conduct or
according to claim 13, conprising the polyner material of 50 wt% or |ess.

17. The. Rt YRé enrrancwdlde foy the fueléeld. 13, wherein the pol yner
mat eri al” conprises polytetrafl uoroethylene of 3 ww% or |ess. 18. The proton

ot o B R ugtion O Pofl ifdky jederfd 4 ofiBxampletd>xkness of
% flon oﬁ’sﬁg&%ﬁ%lgﬁggﬁkgﬂﬁeé Fulliere

300, um or | eSkrodyl§ r conprising a carbonaceous materi al
that essentially conprises a carbon clus

ter having. uraldibyd My et on
di ssoci at i ngRisoUIG mghef the poredes o5 Hhe @Pﬁ%‘%‘? ﬁjglgaﬁmgggrg{e%gt? of of carbon
atons, and the length of the major axis thereof is 100 nm or Iesii 20. The

ot oS SORS SpRGIRE-Gfinas Wascmaken Hith tOrmgi of o goavdea B RRAFEBVS Wl er i al

that es&®NG &MY conprises a carbon cluster, wherein the
fluoride, followed by addition of 0.5 ml of dimethylformamide thereto, and the

[ . y . a
powders thus mixed were stirred in the solvent. Tl_le mixture was poured in

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 um.

Sucha 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 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 300m. Such a pelletis taken as a

pellet 4B of Inventive Example 4.

<Synthesis of Hydrogcnsulfate-Esterificated Polyfullerene Hydride (all

estrification) of Example 5>

The synthesis of a hydrogen sulfated fullerene was performed with reference |



I ength of the major axis of .the carbon cluster is 100A. or less. 21. A

met hod of producing a proton conductor, conprising the steprofaryi abooduci ng
proton di ssociating groups into a carbonaceous naterial essentially
conprising a carbon cluster which is an aggregati on of carbon atons, and
the length of the major axis of which is 100 nmor |ess. 22. The nmethod of

produci ng a proton conductor accordi nﬁ to ¢laim?2 er.ef 196&@nat ed
or non- hAeabaet altscabdbdacenent. ndiiesti 18 Pg ﬂm%‘é{g"@dgg% Pgw‘é@‘@t erial, and
the proton dissociating groups are introduced into carbon atons 7 January

2004 619;‘1&? ai ol “gflh*]ﬁ [HONPERRIS, STBERID atidpynd wrjsestirrarhfam@rocada¥at er i al

to hydr fRe WS HSsTa 11 eat ment, "or an acid treatnent. 23. The nethod of

produci ng a proton conductor according to. claj er ¢ha réditartardon
cl ust er whilea fkbptelm@éltfﬂﬂe@caéﬂ@.sl’é%.e a%‘?é‘?%{ (??‘ lgﬁ‘][atr?\ri\%duci né a proton

conductor according to claim21, wherein the carbon cluster S ructure
bilringific 28t o

i vhi cl Y eBY1i8'ih dibiiyberier! nhydridestoolast i &n e

met hod &F produci ng a proton conductor, conprising the step of: introducing

proton dissociating, groups.d n 0 fRltaheaby eathyl ethier gnd
conpri sivip ﬁa%téﬁ%%l 8}'6’95&#‘“&%?%%&?@@’& uegﬁh{:a;r bonac}éous 1rgnatt erial. 26.

The met hod of produci ng a proton conductor ,agcordi ng.. Al S.1.whdarein
t he tubyhace bgrdarameewd diethyl ieﬁlefialﬂﬂ(ﬁcﬁm‘ﬁﬁﬁf’ A ap?&“(%‘% %lhgsé)?c?atli’ ng groups

are introduced is dispersed within a liquid and filtered so as, to forma

film 27y O ' POl pnpowder tusr obtainegdrwas ﬁgbjpﬁt@dstpep of -
rhfgi gﬁgé}o% r%iuo@ﬁ ddund a 40 p

i nt roducq I Ssocl ati ng groups into a carbonaceous nateri al

eosent! all'*"lTE/IR measurement. As a result, the IR spectrum of the powder nearly

cdnformed to that of a fullerene derivative in which the hydroxyl 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 Pellet SA of Hydrogcnsulfate-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 lm.. Such a pellet is taken as a pellet of

5A of Inventive Example 5.

<Production of Pellet 5B of Hydrogensulfate-Esterificated Polyfullerene



conprising a carbon cluster which has a dianond structure. 28. The nethod
of producing a proton conductor according to claim 21, whefaiuaryha004
carbonaceous material conprises the carbon clusters bonded together. 29.
The net hod of producing a proton conductor according to claim 21, wherein
t he carbonaceous material including cgrbon clusters is obtained by an arc

di scharge t.echnique that. utilg akhon- based el ectrode, subjected to an
acid tr &flﬁgﬁt@hoeﬁmf%’g{?ﬁ é%g‘g%r tlgn di ssoci ating groups into carbon

at ons cont ai ni ng 7 January 2004 the carpon cluster ) W&d hod of
produci ng a $imilay,cGodmg of th@cl@ﬁ‘ﬂd@fgo?égﬁﬁydﬁ’gir} S?'Ejf? Fﬁ%‘e?&%ﬁg?i si ng the

steps of introducing the proton dissociating groups into the carbonageous

mat eri al ._and agti ar bgmagapns 6everial iant dinghi POWAE pPbt on
di ssoci J¢'¥ g‘&@ggs%ar erzﬂ?ﬁne?ggguced i nt oga desired shape. 31. The nethod of

produci ng a proton conductor_according to i PIFE b&@nsd ep
conpri spelyﬁﬁeaﬁm@peﬁwlg%@f'gﬁé) 0 'f‘i):hf F‘?ﬁ“ﬂ‘? @H{;}ﬁgﬁgh%g ggnaceous mat eri al

into which the proton dissociating groups are introduced info0 il or
pel | et §haps. oBthe Bhsis BEithedotal amoadyaindgkeeagiedt orf @dﬁ&?ﬁl&f%b“‘é%ﬁ&g@lg to

claim 30, the conpacting step conprises the step of m xing ngfp%l%érre&{m
material with ..carbo hakr bPtS MhAi &id hhkicknes } at i ng
groups dras ‘PH!‘L’E&S{?@%& Fﬁ@?ﬁgﬁ)ﬁ%ﬁ?{rﬂ?mo a filmor pellet shape. 33. ~ The
met hod of producing a proton conductor accordi ng,.to.cl ai 2, wherein the
pol ymer g er Sath agpellet istakenase pﬁlhﬁoiéBé%f{IgHeﬁ% F&Hq}ém oet hyl ene,

pol yvi nyl i dene fluoride, and pol yvi nyl al cohol. 34. The net hod of prqdfcing
a proton conductor accqrgi t N ifished epsly fllkerone Thydraden (pastia
conpri ses thé‘%ﬂ?tb?ﬁé? q%ﬂﬁé!aﬁ)agegg‘ﬁl@gﬁv\%@olr "ess. '35, The method of

produci ng'a proton conductor according to claim 32, wherein the polyner

mat er i al esefipaticmsofifexampler@# | uor oet hyl ene of 3 wt % or less. 36. The net hod
of producing a proton conductor according to claim 32, which s ?Sjy,hifl film
with a thi ckrpﬁg, 9% o8 PO ofes sixturé ofaGsand ghpeontaining about b O

Cyo 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 diethy] 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 Ik spectrum of the powder nearly conformed to that of a fullerene
derivative containing the hydroxyl groups and OSO;H groups shown in the
document, and therefore, it was confirmed that the powder was the polyhydroxyl

ﬁydrogen sulfated fullerene as the target material.

<Production of Pellet 6A of Hydrogensulfate-Esterificated Polyfullerene



63 37. An electrochem cal device conprising a first electrode, a second

el ectrode, and a proton conductor that is positioned betweeanidwy 2004t and
second el ectrodes, the proton conductor conprising a carbonaceous materi al

that essentially conprises a carbon cluster having a plurality of proton

di ssoci ating groups, wherein the carbgn cluster is an aggregation or bonded

nmol ecul e of, hundreds,to t ) of .¢C jalg3ns. 38. The el ectrochem cal
devi ce Hydeidai ndpagial| ai‘?{}g";c,a?@g‘ireiorﬁ ﬁ%@ﬁlibon conductivity of the proton
conductor is |arger than electron conductivjty thereof. llerene

el ect r ocheni Bkt d@v e ofacpowidery of @h@paiyh%&%@%ﬁ%ef‘h%?@é% SLF\ Truster is
a fullerene nolecule. 40. The el ectrochem cal devi::7:lle@taccﬂordi,(rilgaf';)ﬁoizylIle im37,
wherein the carb t Sttd pewdeeof polyviinylidend Bueridg he
full ereﬂ@“g?tm%?v%?éﬁh&aé? ‘gggﬁ@?%%s. 4%. - - An el ectrochenical device

conprising a first el ectrode, cond .el e &isOofus @dmikedt or
that is byosdditioned Bb8mkeh dilﬁéﬁwj&m e?ﬁ%{gﬁ% %‘}‘ﬁ@ﬁ@%‘gg, soge of the

proton conductors conprising a carbonaceous nater, al Ihaul;t§ es(afér}iﬁiv%)&
conpri s§5.A s‘iﬁf&f)ﬁl fHeUsdleenth avitrgnrxtoire vedsi pquied i PBRUAT JLGE THY'
groups, VWAE&I'n the carbon cluster is a tubular carbonaceous material. 42.

An el ectrocheni cal .devi ce rd § idvaboRiter undee a redsecd iessuée r ode,
and a prd!@mﬁteéd?ﬁag't’&m’t ﬂ%‘??ﬁg Sgg%%]?iwgﬁgedc&bg?meen the first and second

el ectrodes, sone of the proton conductors conpri Si fuellet

mat er i al Thdaiixese Eramavhichdbeselvead V@SC%WBWWE?&?S;@ eﬁa‘f/rlggnégeagﬁgfu?gl iGt y of
proton di ssociating 7 January 2004 64 groups, wherein sone  of tegfﬂ car bon
cl ust er s, NAKs <apRhOer B 15Cinih and 43hickhessebBaboucAedijonl 2uch aPellet 4% di ng
: rein

to cl ai he ‘car bonaceous material conprises the carbon
clusters bonded together,. 44. The em cal device according to claim
37, \/\/ner@ikltmti’tl»‘«@lRﬁl @h 6} Qégbﬁeﬂﬁvﬁ?’gaﬁﬁo@%?are expressed by -XH where X

represents an arbitrary atomor an atomc group.t hat, ha il {gend
and wher gpkhdifitionsef Pellet ﬁﬂmbwdreg@mﬂf%‘?’hmlfb‘?ag%q P8§F@%mce\§% gggince

according to claim44, wherein the proton dissociating groups are expressed

by -OH or -\ L 20 Y i gLary atomor an atom c group having a
st R SRR b

bi val ent esents an oxygen atom
der of the polyhydroxylated hydrogen sulfated

Similarly, 70 mg of the pow

fullerene 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 apellet 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 examples 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.
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-COOH, -S03H, and -OPQ(OH)3. 47. The el ectrocheni cal device according to
claim 37, wherein the proton dissociating groups and el ectron attractive
groups are introduced in the carbonacgous material. 48. The el ectrochem cal

devi ce 3o ne! $ac! B Tn SBREAGR A dotdg andiamiamol §8 BILALE arc

sel ected consisting of nitro groups, carbonyl groups,
car boxyl groups, nitrile groups, alk qulial ide aro O F HeWhishoNs.
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January 2004 65 proton conductor essentially consists of the Cg{g‘?{) eous

et er | agﬁ‘ élh%M&é‘ chiSoraiedt was diasprasadd imo gr palted having rHAEAG The
em Cca

el ectro evi ce according to claim37, wherein the proton conductor
conprises the carbonaceous materjial into j ch di sseellet ofig
groups amm amt mothicknesaref aboi) Mr%‘t eﬁ\ﬁg‘].a g%h@tr?]%‘?% ect rocheni cal

devi ce according to claimb50, wherein the polynmer material has no

el ectronic con VI 252. The el ectrochem cal device according to claim
50, mhe%nﬁpatrﬁgy%gké@enéteri al is at | east one kind selected from

pol yf |l uoroet hyl ene,  pol yvinyli flugsj bwsal cohol . 53. The
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conprises the polynmer material of 50 wt % or |ess, 54. The el eg I cal
devi ce accor gigp Q:ohipaiis@hnﬂﬁ('mg nﬁm@pqwtdneof the fullerene mo%cuies uéé&)%]ﬁ{@

raw material for synthesis in the above examples. was mixed with a dispersion
coﬂtaining 60% of a fine powder of polytetrafluoroethylene (PTFE) in such a
manner that the content of PTFE became 1 wit% 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 um. Such a pellet is taken as a

pellet of Comparative Example 3.

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

To measure a proton conductivify 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 pellet, to measure a compléx impedance at each
frequency. The measurement was performed under a dry atmosphere.

With respect to the above impedance measurement, a proton conducting |



pol ymer -.material conprises polytetrafl uoroethylene of 3 wt% or |ess. 55.
The el ectrochemni cal devise according to claimb50, which VsJanuasiyn2fPdm wi t h
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gr oups, thhprason -opnéu@tarpgggﬂrtlﬂmtngfﬁge%?gﬁ%lg%t I on of carbon atons,
the length of the major axis thereof is 100 nmor |es
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The frequency dependency on the proton conducting portion expreésed 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 Examplc 2.

Referring to Fig. 21, for the pellet of Comparative Example 2, th<=i frequency
characteristics of the complex impedance is nearly the same as the behavior of a
single capacitor, and the conductance of charged particles (electrons, jons and the
like) of the aggregate of the fullerene molecules is not observed 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

portioﬁ of the impedance is rapidly raised in a low frequency region, which shows
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Kind of Pellets Conductivity (S/cm)

Pellet 4A of Inventive Example 4 1%10°

Pellet 5A of Inventive Example 5 2% 10

Pellet 6A of Inventive Example 6 6%10°

Pellet 4B of Inventive Example 4 3%10°

Pellet 5B of Inventive Example 5 7%10*

| Peliet 6B of Inventive Example 6 3%10°

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 OSO;H groups is larger than that of the pellet of the fullerene
derivative containing the hydroxyl groups. The reason for this is that the OSOsH
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 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 4A of Inventive Example 4 was
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frequency side of the complex impedance curve of the pellet measured at each
temperature to examine the temperature dependency on the conductivity. The
results are shown in Fig. 22 as the Arrhenius plot. From the data shown in Fig.
22, it is apparent that the conductivity and temperature exist in a linear relationship
at least within the temperature range of 160°C to —40°C. In other words, data 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 conducﬁvity in a wide temperature
range including ordinary temperature, particularly, ranging from a high
temperature of 160°C to a low tcmf)erature of -40°C.

<Production of Carbon Cluster Derivative of Bxample 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 1gof
a carbon powder. The carbon powder was mixed with 100 ml 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 matter was cleaned several

times by diethyl ether anhydride, and dried for five hours under a reduced pressure
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(THF), an insoluble component removed by filtering, and the solvent was
evaporated under a reduced pressure {o obtain a solid matter wherein the solid
matter of 50 mg was pressed at a force of 5 tons/cm? into a circular pellet having a
diameter of 15 mm. Such a pellet is taken as a pellet of Inventive Example 7.

Measurement_of Proton Conductivity of Pellet of Carbon Cluster Derivative of

Example 7

The AC-impedance of the pellet of Inventive Example 7 was measured ina
dry air in accordance 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 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‘betwegn both
electrodes composed of carbon bars in 0.05 MPa of an argon gas, to thus obtain lg
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 obtain 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 usihg a water bath. The reaction

solution was dropped little by little in 500 ml of pure water, and a solid matter was
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five hours under a reduced pressure at 40°C. The solid matter of 50 mg was
under a force of 7tons/ into a circular pellet of Inventive Example 8.
<Measurement of Proton Conductivity of Pellet of Example 8>
The AC impedance of the pellet of Inventive Example 8 was measured in a
dry air in accordance with the same manner as described above. As a result, it
was confirmed that an impedance behavior resulting from ion conductance’
api)eared 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 107 (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 having 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 discharge.
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
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Next, examples in which a tubular carbonaceous material is used as
carbonaceous material.

<Synthesis 1 of a Polyhydroxylated SWCNT Material>

A refined SWCNT material was prepared and then burned for ten hours at
250°C under a fluorine gas in order to obtain polyfluorinated SWCNT. The
polyfluorinated SWCNT was placed in pure water and refluxed for three days at
100°C while being strongly 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 for 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 atmosphere 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
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Each of the above three materials was dispersed in water and the dispersion
was filtered on a filter papef having pores of 0.2 ©m by suction in order to
deposit the film on the filter paper. The amount of the dispersion to be filtered
was adjusted to form the film having a thickness of 100 4m.
The film deposited on the filter paper could be easily peeled therefrom.
These films thus obtained are taken as films in Inventive Examples 9,10 and 11.
A material obtained by mixing the material in Inventive 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 abové to form fhe film which is identified as
Comparative Example 4.
<Measurement of Proton Conductivities of the Film>
To measure a proton 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.
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istance, GE‘f‘ls(, Xiashibt changed over the above frequency range due to the fact

that the electronic conductivity of the SWCNT material of Comparative Example 4

is high. As a result, it was revealed that the film in Comparative Example 4 cannot

be used as an ionic conductor.

The measurement results of the films in Inventive Examples 9 - 12 will be
described below. A compléx impedance of the film of Inventive Example 10 is
répresentativcly 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 particles 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 tht;, 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.
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desirably function as a tubular carbonaceous material derivative of a proton
conductor.
With respect to the above impedance measurements, the proton conducting
portion 1 of the film-like proton conductor constitutes an electrically equivalent
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 cqﬁation, 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.
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invention (25°C)

Kind of film Conductivity (S/cm)
Film of Inventive Example 9 2%107

Film of Inventive Example 10 2%107

Film of Inventive Example 11 7%10°®

Film of Invéntive 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 OSOsH groups cause ionization of hydrogen more easily than the hydroxyl
groups. The results show that the aggregate of the tubular carbonaceous material

derivative containing the hydroxyl groups and OSO;H groups can exhibit, in a dry

atmosphere, a good proton conductivity at ordinary temperatilre.
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Claims
1. A proton conductor comprising a carbonaceous material that
essentially comprises a carbon cluster having a plurality of proton dissociating
groups, wherein the carbon cluster is an aggregation or bonded molecule of
hundreds to thousands of carbon atoms.
2. The proton conductor according to claim 1, wherein the carbon
cluster is a fullerene molecule.
3. The proton conductor according to claim 1, wherein the carbon
cluster has a structure in which at least part of the fullerene structure has open
ends.
4. A proton conductor comprising a carbonaceous material that
essentially comprises a carbon cl;lster having a plurality of proton dissociating
groups, wherein the carbon cluster is a tubular carbonaceous material.
S. A proton conductor comprising a carbonaceous material that
essentially comprises a carbon cluster having a plurality of proton dissociating
groups, wherein the carbon cluster has a diamond structure.
6. The proton conductor according to claim 1, wherein the
carbonaceous material comprises the carbon clusters bonded together.
7. 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 group that has a bivalent bond and where H represents a hydrogen atom.
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of -OH, -OSO;H, -COOH, -SO3H, and -OPO(OH)s.
10. The proton conductor according to claim 1, wherein the proton
- dissociating groups and electron attractive groups are introduced in the
carbonaceous material.
11. The proton conductor according to claim 10, 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.
12 The proton condudor according to claim 1, essentially consisting
of the carbonaceous material into which the proton dissociating groups are
introduced.
13. The proton conductor according to claim 1, comprising the
carbonaceous material into which the proton dissociating groups are introduced
and a polymer material.
14. The proton conductor according to claim 13, wherein the polymer
material has no electronic conductivity.

15. The proton conductor according to claim 13, wherein the polymer

material is at least one kind selected from polyfluoroethylene, polyvinylidene
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19. . A proton conductor comprising a carbonaceous material that
essentially comprises a carbon cluster having a plurality of proton dissociating
groups, wherein the carbon cluster is an aggregation of carbon atoms, and the
length of the major axis thereof is 100 nm or less.
20. The proton conductor accofding to claim 19, comprising a
carbonaceous material that essentially comprises a carbon cluster, wherein the
length of the major axis of the carbon cluster is 100A or less.
21. A method of producing a proton conductor, comprising thé step
of:

introducing proton dissociating groups into a carbonaceous material
essentially comprising a carbon cluster which is an aggregation of carbon atoms,
and the length of the major axis of which is 100 nm or less.
22, ~ The method of producing a proton conductor according to claim 21,
wherein a halogenated or non-halogenated carbonaceous material is prepared as a

raw material, and the proton dissociating groups are introduced into carbon atoms
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25. A method of producing a proton conductor, comprising the step of:
introducing proton dissociating groups into a carbonaceous material
essentially comprising a carbon cluster which is a tubular carbonaceous material.
26. The method of producing a proton conductor according to claim 25,
wherein the tubular carbonaceous material into which the proton dissociating
groups are introduced is dispersed Qithin a liquid and filtered so as to form a film.
27. A method of producing a proton conductor, comprising the step of:
introducing proton dissociating groups into’ a carbonaceous material essentially
comprising a carbon cluster which has a diamond structure.
28. The method of producing a proton conductor according to claim 21,
wherein the carbonaceous material comprises the carbon clusters bonded together.
29. The method of producing a proton conductor according to claim 21,
wherein the carbonaceous material including 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
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wherein the polymer material is at least one kind selected from polyfluoroethylene,

polyvinylidene fluoride, and polyvinylalcohol.

34. The method of producing a proton conductor according to claim 32,
wherein the proton conductor comprises the polymer material of 50 wt% or less.

35. The method of producing a proton conductor according to claim 32,
wherein the polymer material comprises polytetrafluoroethylene of 3 wt% or less.

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

which is a thin film with a thickness of 300 &4 m or less.
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second electrodes, the proton conductor comprising a carbonaceous material that
essentially comprises a carbon cluster having a plurality of proton dissociating
groups, wherein the carbon cluster is an aggregation or bonded molecule of
hundreds to thousands of carbon atoms.
38. The electrochemical device according to claim 37, wherein the ion
conductivity of the proton conductor is larger than electron conductivity thereof.
39. The electrochemical device according to claim 37, wherein the
carbon cluster is a fullerene molecule.
40. The electrochemical device according to claim 37, wherein the
carbon cluster has a structure in which at least part of the fullerene structure has
open ends. |
41. .. An electrochemical device comprising a first electrode, a second
electrode, and a proton conductor that is positioned between the first and second
electrodes, some of the proton conductors comprising a carbonaceous material that
essentially comprises a carbon cluster having a plurality of proton dissociating
groups, wherein the carbon cluster is a tubular carbonaceous material.
42. An electrochemical device comprising a first electrode, a second
electrode, and a proton conductor that is positioned between the first and second

electrodes, some of the proton conductors comprising a carbonaceous material that

essentially comprises a carbon cluster having a plurality of proton dissociating
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49, The electrochemical device according to claim 37, wherein the |
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proton conductor essentially consists of the carbonaceous material into which

the proton dissociating groups are introduced.

50. " The electrochemical device according to claim 37, wherein the

proton conductor comprises the carbonaceous material into which the proton

dissociating groups are introduced and a polymer material.

51. The electrochemical device according to claim 50, wherein the
polymer material has no electronic conductivity.

52. The electrochemical device according to claim 50, wherein the
polymer material is at least one kind selected from polyfluoroethylene,
polyvinylidene fluoride, and polyvinylalcohol.

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

54. The electrochemfcal device according to claim 50, wherein the
polymer material comprises polytetrafluoroethylene of 3 wt% or less.

55. The electrochemical devite according to claim 50, which is a thin
film with a thickness of 300 .4 m or less.

56. The electrochemical device according to claim 37, wherein the first
electrode and/or the second electrode are gas electrodes.

57. The electrochemical device according to claim 37, wherein the first
electrode and/or the second electrode are electrodes including active materials.

58. The electrochemical device according to claim 37, which is a fuel

cell.



7 January 2004

65a
59. The electrochemical device according to claim 37, which is a
hydrogen-air cell.
60. ~ 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 that
essentially comprises a carbon cluster having a plurality of proton dissociating
groups, wherein the carbon cluster is an aggregation of carbon atoms, and the
length of the major axis thereof is 100 nm or less.

61. The electrochemical device according to claim 60, comprising a
carbénaceous material that essentially comprises a carbon cluster, wherein the

length of the major axis of the carbon cluster is 100A or less.



