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- i - Description Title of Invention: STERILIZATI ON METHOD Techni cal

Field The present invention relates to a sterilization nethod
for mcroorganisme such as E. coli, particularly, a sterilization
nmet hod suitable for drinking water, cleaning water, |iving space, car

interior space, food storage facilities, water utilization
facilities, in-roomitens, and personal bel ongings. The present
invention also relates to a col umPeEfF @549 er used for killing

m croorgani sms. The present invention further relates to a nask
preventing inhal ati on and rel ease of m croorgani sns. Background Art

For exanple,..as a sterilizatio §@$%#¥£k§ | i.ous and pat hogenic
m croorgan&é‘r’f_g,e gi é}vespttéﬂq i % TE[:)O&\{ i drlljeral | y recomrended.
However, the heating tenperature is often |inmted because in certain
cases application of heat treatnment is difficult, and also for a fear

of heat -i ndyced idetiergs;riation in quality, etc. Naturally, the
sterilization effect wll be limted. Sodium hypochlorite is used in

lieu of or in conbi patiseRtWitkeReabnstenilkkzatinon, sake¢iali$@tion 2 -

di si nfectant water containing hypochlorous acid is commercially

avai | abl e. method for microorganisms such as E. coli, particularly,
a sterilization method suitable for drinking water,
cleaning water, living space, car interior space, food
storage facilities, water utilization facilities, in-room
items, and personal belongings. The present invention
also relates To a column and a filter used for killing
microorganisms. The present invention further relates to

a mask preventing inhalation and release of

microorganisms.

Background Art

For example, as a sterilization method for
infectious and pathogenic microorganisms, a heat
sterilization method is generally recommended. However,
the heating temperature is often limited because in
ceftain cases application of heat treatment is difficult,
and also for a fear of heat-induced deterioration in
quality, etc. Naturally, the sterilization effect will
be limited. Sodium hypochlorite is used in lieu of or in

combination with heat sterilization, and also,



Al so, as a conventional exanple, Patent Literature 1 discloses a
sterilization nmethod for mcroorganisns (E. coli), which is
configured in such a way that treatnent,is conducted so that the
heating tenperature is at 60C or belowin the presence of allyl

i sothi ocyanate. Patent literature 2 discloses a sterilization nethod
for mcroorganisns in water utilization facilities, which is

confi gur ed %ﬁ%ﬂﬁﬁ??ﬁﬂ&nﬂ%qﬁﬁ %ﬂﬂﬁﬁﬂn%ﬂﬁnﬁXERFQkﬂﬁR#S|Qﬁkﬁ % | ver

i ons and resi dual orlne per ions and residual chlorine, or

sil ver |on§Dmﬂﬁﬁﬁﬁa i dual chlorine are allowed to

t. Ctat Li st P t t Li Pat tuyre 1:
co0X L, LS A0 P BB RGN, LSl S acure
J Pat. 7 - 0
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provide a novel) stafidd zlaglaﬁhf@ém Cla}paéqmoef W g nﬂle%ant

part|CU| arly mCI’OOI’ganlsn’B I n wat er, but al so m croorgani sns I n
gas as wel ;5 COMRRIALd &d hSat the heating temperature is at 60°C

or below in the presence of allyl isothiocyanate. FPatent
literature 2 discloses a sterilization method for
microorganisms in water utilization facilities, which is
configured in such a way that silver ions and copper ions,
silver ions and residual chlorine, copper ions and
residual chlerine, or silver ions, copper ions, and

residual chlorine are allowed to coexist.
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322521
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Summary of Invention
Technical Problem

An object of the present invention is to provide a
novel sterilization method capable of killing not only
particularly microorganisms in water, but also

micrcorganisms in a gas as well, compared to the



!

- 3 - sterilization nethod disclosed in each of the aforenentioned
Patent Literatures. Solution to Problem The present inventors
have earnestly studied to achieve the aforenmentioned object. As a
result, they have found that a material containing an anor phous
carbon having a sulfo group introduced therein, which is enpl oyed for
a solid acid catal yst, a proton conducting nenbrane of a fuel cell,
and the | i le&erddfidsitieny martihgigy diserlidsesatlitoeastty et Eifi nst

m croorgani sms in a _gas or_ liquid., Al though a liquid acid is

vel | known 3O TERGGlCRe I E&LAN L dtlitGT 3 ES- on ni croor gani s,
unlike a liquid acid, a solid acid is considered to have |ess
frequent contact with mcroorgani sns due to its lack of fluidity.
AccordingI%bl%&ikgeeglp%ég QHI ing of the present application, a
solid acid was assumed not]to have a sterilization effect as is
exhibited by a khaupdeachd. iKAcotRenbae! cLbAL R 1qRLeGLaL CRRl al ni ng

an anor phous cal “having a sulfo group introduced therein exhibits
a strong StRihildwattinen &idielead R idiBlectunpagdict-abliett othhgse

skilled in the art. The present inventors have al so found that a
mat eri al copt@l Moighdar hatd P ket raanbeditavimi @ 81l @HiiEs carbon
i ntroduced therein not only sinply kills - 4 - mcroorgani sns, but

al so has amaadmicor afullfpdrgadopg rg itreelucenp dhentessi gf whicttodrsgani sns.

The present invention was conpl eted based on the foregoing findings.

That is, tkapdoesehttameenttilan praovd desatllys tfold ewiatgpr] Horntdudtdlng
membrane of a fuel cell, and the like, exhibits a strong
sterilization effect against microorganisms in a gas or
liquid.

Although a liquid acid is Qell known to exhibit a
sterilization effect on microorganisms, unlike a liquid
acid, a solid acid is considered to have less frequent
contact with microorganisms due to its lack of fluidity.
Accordingly, at the time of filing of the present
application, a solid acid was assumed not to have a
sterilization effect as is exhibited by a liguid acid.
Thus, the fact that a material containing an amorphous
carbon having a sulfo group introduced therein exhibits a
strong sterilization effect was entirely unpredictable to
those skilled in the art.

The present inventors have also found that a
material containing an amorphous carbon having a sulfo

group introduced therein not only simply kills



[1] A method for sterilizing a gas or liquid, conprising contacting a
m croorganismin a gas or liquid with a material containing an
anor phous carbon having a sulfo group_ iptroduced therein. [2] The
nmet hod for sterilizing a gas or liquid according to [1], wherein the
gas or liquid is passed through a colum filled with the materi al
cont ai ni ng_an amor phous carbon having a sulfo group introduced
therein. [BICTRRE IREtIHOW f RUlstalrse iAh@m aEsl ot F Ui aeday el righé o
[1], wherein the gas or_liquid is passed through a filter supporting
t he naterlﬁomﬂﬂﬁ%HWﬁ Rf dh FRATPHIUSS ST bon having a sulfo group

i ntroduced ther he net ad for sterilizing.a or |qU|d
according to [ 1] éké’Jeﬁl HE ViTdt elronalwacsoﬁtog\pﬁ%ogr? (% ar bon
having a s r.Qu t ced therein is obtained by condensatlon
and sul fona |oﬁg”$mg£¢hééb ﬁetely carbonlzed or gani ¢ conpound

through heat treatyent w %@ EF%F% ng@l@g ?rfﬁétekﬁgpqgkpg agent

cont ai ni ng sul fur trIOXI e net ho Izing a gas or
l'iqui d accarding, ity [y M@e jn the material containing an anorphous
- 5 - carbon having a sulfo group i ntroduced therein is obtained by
condensat i on jand rddHenatat i e of ] dlideastganesel epiad, feampiheing
group of polycyclic aromatic hydrocarbons havi ng condensed 2 or nore
and 7 or | essitaranaig a mingsodigaiighn hieata tgeatgent iquid woticent r at ed
or fumng sulfuric acid. [6] The nethod for sterilizing a gas or

| i qui d accaorediawg.alo darita mhiergian tdam metters atamem diaw iy an anbfphous
carbon having a sulfo group introduced therein is obtained by
|ntrodu0|n@n@wﬂﬂHH?RﬂéiﬂﬁJﬁthﬁfQﬁ@anlc conpound t hrough heat
treatnment in _a concentrated or funlng sul furic acid, and the materi al
has the follZdwi Tﬁ’g? 6‘%6’%?4 f s(l%“cﬂe?ﬁ%la AT 12 of i A kY rRfeTRIEH T

6- menbered ,aro carbon ring and a condﬁgsed 6- menbered aromatic

t
carbon ri nd:°r1a ng WRERR I Yo Hhd 1 HE BT H#3° e%i%‘?i‘lqm %1 13C
nucl ear magns r Sﬂ%acp\ckﬁose tru ﬁ(ZJ)a C&Iﬁtast a qdl f%ra{e}% eak

of a carbon ane ue w

powder X-r% IQJOf[‘.]?rl.paq)tl ,_?1 q%e“ alq&r(gauév%ee%lbét proton

COI’]dUCtIVIty (0] |zat|on erein the colum is

filled with ﬁﬁkﬁ%é%hdﬁ”ﬁdﬂfHﬂEkfﬂhéﬁﬁq 'ﬁﬁEﬁ”éﬁb&ké&Héo
group introduced therein [8] Afilter Tor sterlllza ion, wherein

the filter tsuppar,t ssreratrerdrad Nt Niingrian s hais gardogh havi ng
a sulfo group introduced therein.
filter supporting the material contailning an amocrphous
carbon having a sulfo group introduced therein.
[4] The method for sterilizing a gas or liquid according
to [1], wherein the material containing an amorphous
carbon having a sulfoc group introduced therein is
obtained by condensation and sulfonation of an
incompletely carbonized organic compound through heat
treatment with sulfur trioxide or a sulfonating agent
containing sulfur trioxide.

[5] The method for sterilizing a gas or liquid according

to [1], wherein the material containing an amorphous



- 6 - [9] A nmask conprising an air-perneabl e nenber, wherein the air
per neabl e nenber supports a material containing an anorphous carbon
having a sul fo group introduced therein, Advantageous Effects of
| nventi on The sterilization nethodSOf the present invention can
exert a high sterilization effect without requiring electric power or
heat energy. Therefore, it is useful as a sterilization nmethod in the
area wher e adidam |lsa\@rsh(ﬁt%\g]efcofgre¢mtmitrqsbmd suppigiands t he |i ke,
and it is also advantageous in that it _inmposes a | ow environnent al

| oad. Descrqbdﬁlé“r?cbfblErﬁ%kﬁ%fslon anq‘-le?‘é]tmwlqrhé)%r%"se]rﬁ%t

t | | d det ai | Th t hod f ,
Storilion né%r@ G R oo e@a%%s%tpqwg\fﬁrfwowﬁé tis
contapting cro nlsn1|n a é %UId wth a eri
cont ai ni ng ]%h Og?f? & sulFr Héﬁ eupar} dtfuc %S_S
therein. .. uceﬁ[gnaﬂhzc @f‘eaaﬁPérPJ‘Ol‘{? Farhon, éﬁ‘egda

sul fo group iTET o erein s properties such as s

strong aci ¢yt YsuriQly caatﬁshﬁgl@léglcpn of acid even when it is put |nto
a pol ar sol vent (such as water, al cohol, al dehyde, carboxylic acid,

and ket one)[6]t hefeehe did aﬁ&@@ﬂéﬁﬁmﬂya@l idds Afr V‘@:@(ﬂfld‘rﬁé&ﬁ:dlng

chem cal - 7 -
to {1], wherein the material containing an amorphous
carbon having a sulfo group introduced therein is
obtained by intrcducing a sulfo group in an organic
compound through heat treatment in a concentrated or
fuming sulfufic acid, and the material has the following
properties; (1) chemical shifts of a condensed &-membered
aromatic carbon ring and a condensed 6-membered aromatic
carbon ring having a sulfo group bound thereto are
detected in a '°C nuclear magnetic resonance spectrum,
(2) at least a diffraction peak of a carbon (002) plane
whose half-value width (28) is 5 to 30° in powder X-ray
diffraction is detected, and (3) it exhibits proton
conductivity.
[7] A column for sterilization, wherein the column is
filled with a material containing an amorphous carbon
having a sulfo group introduced therein.
[8] A filter for sterilization, wherein the filter
supports a material containing an amorphous carbon having

a sulfo group introduced therein.



sterilization, and not causing elution in a gas such as air either.
The material containing an anor phous carbon having a sulfo group

i ntroduced therein which can be used_h%%an i ncludes the follow ng
car bonaceous solid acids Ato C e carbonaceous solid acid A
is a solid acid obtained by condensati on and sul fonation of an

i nconpl etely carboni zed organi ¢c conpound through heat treatnment with
sul fur triodldé orask sadrfroniatiingg aegeritr goanre ah g rsuitfar, twhapgide. An
application pertaining to this carbonaceous solid acid A has been
previ ousl y the ed 1 pperaper () aparkese PRt sAghInaayign. epntaining
2009- 134096) . Here, the organic conpound may be waste wood or
sawdust ; hG\eECTRPROYS AT RS WY & iU Hro G hivHrtdssh

sel ected from benzene, anthracene, perylene, coronene, and sulfo
conpounds tH&r&dM i s preferably used. Further, heavy fuel oil, pitch,
tar, asphalt, and the |ike containing aromatic hydrocarbons can al so
be used. The aforenenti oned organi c conpounds nmay be used alone, or a

m xt ure of I i i of the above organic
LM & JORE s pddis U MR IS k

conmpounds rmay (not perfectly)

carboni zed orgaphe GRERIYUAYaieLEN el o AMRHRNPYS seaitbam vemesed of
pol ycyclic aromatic hydrocarbon consisting of 10 to 20 arematic 6-

nenbered ridgs ex@td QNeyQFANEH - 118, At P rPhRis Gartut ncariichinkd to
20 benzene rings are aligned. The inconpletely carbonized organic
conmpound | :lehitaiinehdnsr or heatd anexanpl €helredbirag am dsgaBieCul
conpound at 200 to 600C, preferably at 300
as a sterilization method in the area where there is a
shortage of electric power supply and the like, and it is
also advantageous in that it imposes a low environmental

load.

Descripticon of Embodiments

Hereinbelow, the present invention will be described
in detail.

The method f;r sterilizing a gas or liquid of the
present invention comprises contacting a micrecorganism in
a gas or liquid with a material containing an amorphous
carbon having a sulfo group introduced therein.

This material containing an amorphous carbon having
a sulfo group introduced therein exhibits properties such
as showing strong acidity, not causing elution of acid
even when it is put inte a polar solvent (such as water,
alcohol, aldehyde, carboxylic acid, and ketone), thereby

not affecting the quality of water unlike chemical



' to 500C for 0.5 to 20 hours, preferably for 1 to 10 hours. There are
many car bon- hydrogen bonds still left in an organi c conpound
obtained as above, and when it is subjgcted to sulfonation, a

sterilization, and not causing elution in a gas such as
air either.

The material containing an amorphous carbon having a
sulfo group introduced therein which can be used herein
includes the following carbonaceous solid acids A to C.

The carbonaceous solid acid A is a solid acid
obtained by condensation and sulfonation of an
incompletely carbonized organic compound through heat
treatment with sulfur trioxide or a sulfonating agent
containing sulfur trioxide. An application pertaining to
this carbonaceous solid acid A has been previously filed
in Japan (Japahese Patent Application No. 2009-134096).

Here, the organic compound may be waste wood or
sawdust; however, at least one polycyclic aromatic
hydrocarbon selected from benzene, anthracene, perylene,
corcnene, and sulfo compounds thereof is preferably used.
Further, heavy fuel oil, pitch, tar, asphalt, and the
like containing aromatic hydrocarbons can alsc be used.
The aforementioned organic compounds may be used alone,
or a mixture of plural kinds of two or more kinds of the
above organic compounds may alsc be used. The
inceompletely (not perfectly) carbonized organic compound
refers To an amorphous carbon composed of polycyclic
aromatic hydrocarbon consisting of 10 to 20 aromatic &-
membered rings, and one example is an amorphous carbon in
which 10 to 20 benzene rings are aligned. The

incompletely carbonized organic compound is obtained by,



sulfo group is bound to this carbon-hydrogen bonding site. Therefore,
an inconpletely carboni zed organic conpound is used so as to obtain a
solid acid with a higher density of sulfo groups. In [ight of the
above, the inconpletely carbonized organi c conpound desirably
cont ai ns many car bon-hydrogen bonds, in other words, desirably
contains a |l arge anmobunt of hydrogen. The amount of hydrogen in the
i nconpl et elfprc antaopilegd heregamicc agonmpauand d ssqupefierdaldty M® ttwo eEnwe,
nore preferably 0.5 to 1.1 in terns of the elenent ratio of hydrogen
to carbon @Hk¢enﬂbhﬂ(ﬂﬁ(ﬁQQuUQ»5OUT1forTﬁe5ch@n2@ahOﬂGﬁmula of

sul fur tr|OX|de is . SC3, which is also refe&red to as anhydrou
sul furic adiE@r RS YodmE act ity ST S i dRPEE ﬁF?hméﬁy|ﬁ€5ﬁﬁPetely

332522225‘3&1&?@9”' Py G S TndiAT at GG %@?%h Sgonechy

d d )
Ef‘gﬁrdinifii‘sao Il Gl (e Progustian, oo apdiddacid wth a

t tal f 5.
agent cont aifjifg gsﬁlg)lu rlst (?Q?Hofjetocac'?x 68311}%{ B neéal{ oty sk,

The carbonaceous sol1d aci IS a so

condensat i @A, f %atllr%n@heaéellye%%trm ] Qprtg%chlfcr @Bﬂﬂ&rﬂf qtao

of polycyclic aromati c hydr ocar bons "havi ng condensed or nore and

or less aremid ¢d ia0%d Madh healolticeald®entviith & cmnﬁmt IR of
fum ng sulfuric acid. An application pertaining to this carbonaceous
solid aci doE lad flor envicassl .y beehitthkedfantdeaapatrent thas iheenpgeartigd
i n Japan (Japanese Patent No. 40414909). The properties, production
met hods, ama rides ilzielde agfgartics asarivemat elmss redilivl cgith iBsamerdescri bed
in this Japanese Patent Publication No. 40414909. Here, exanples of
the pol ycySam®carvsttios sy fesibdm iAv1ardearaisht I sifdb lah tardcdns
peryl ene, and coronene, and as |ong as two or nbre aromatic rings are
condensed, Zam?rér W%I%Mqr@gﬁ’omgpé RpaH8EaPhoRYIE]ASRe tised
as a synth% i C.raw §$;al of .t he caybaonaceous solld(fC|d B. It is

known t hat “arformat5°® AR ES §F RN SFHERY b i n a
concentrat ed Qf, Sy NG splduni & agld 4o S WP AN APrPhous matgrial of

terms of the element ratio of hydrogen to carbon (H/C, an
atomic ratio).

The chemical formula of sulfur trioxide is S$0Q0s,
which is also referred to as anhydrous sulfuric acid.
When contacting sulfur trioxide with an incompletely
carbonized organic compound, it is important to carry out
this process under a stream of an inert gas such as
nitrogen and argon, or under a stream of dry air for the
production of a solid acid with a high density of sulfo
groups.

One example of the sulfonating agent containing

sulfur trioxide can be a fuming sulfuric acid.



hi ghl y- condensed, conpl ex polycyclic aromati ¢ hydrocarbon, and that
the property of the resulting anorphous material becones closer to
that of graphite with an increase int nunber of the aromatic ring,
and the |like. Also, the carbonaceous solid acid of the present
invention has a stable chem cal structure, which is obtained by
condensati on and sul fonation of a polycyclic aromatic hydrocarbon
t hrough heat tr &aeneatrbohagepolsyspdliidc acidl® <isaromsatlilel lyddocar bon
particularly at |east one selected fromthe group of polycyclic
aronmat i ¢ hydriedarasbiy HaIGRy Sedridehsed ZSLH{fCi?@rfel%cpg o fl one
aromatic rings, in a concentrated or_fum ng sul furic acjd. A

sul f onat ed SSHSFART TR driit |1 B WRIre ¥ravih FFRERL ol ycondensed
aromatic rin is obtained by sul fonati and pol ycon sation of a
ol yoycl | ¢ MRS PRI GRA Y I T RIE et CRGER TR | i 1853
concent r at %,?ro?nratg iucm rnl% smghur{olu?ﬂhag{edat l_il:orve\eavt%r{éntlvmi%n.é hc?ont.ce q’H:e:r:ra}aéeuc{ €
of the treatnmént iha ncentrated or fumng sul furic aci 1S Tower

than 100G Jpolasanfensation olalel youg! b %&egﬁfyib% Bediaqashgn cdoes

not sufficiently proceed, failing to a polycyclhic aronmatic

hydr ocar bon 1 GRASEb R cdBY RIIGMRLIC d iINGhs kb4 Nareby dadd 1119 40
produce a solid acid that is insoluble in a polar solvent. Manwhil e,

when the treat neHaderelal WeaexgeadsA50C Jddel NBf aglacoiasd tdron of
a sulfo group takes place, failing to produce an insol ubl e anorphous

hydr ocar bomoconittad 1 90p )s.uf Thel erbpeuliesgr pupsiucA ioor ecphelder, r add
treatnent tenperature is 200C to 350C. The solid acid catal yst of the
present i nvért ilorkecant benisymamsimeatdys usingl rotidri yare sdargmeibed
polycyclic aromatic hydrocarbon as the raw material, but also plural
pol ycycl i ¢ iar deits o dppdvascarisgin tad wHel e g 4 aA04 1 fGher, it can
al so be synthesized by using pitch, tar, and_the |i ke containing
various kinds ofieg8lyeyemPlesr 6fnihe PRYHCIEAIBoRSORE RS | as

sat urat ed hydyrocarbon and .unsat ur at.ed hydrocarhon as the ra
mat eri al yd}ocag%onianclué% naﬁ%é%algge, anthracene, perylene,

and coronene, and as long as two or more aromatic rings
are condensed, any of such polycyclic aromatic
hydrocarbons can be used as a synthetic raw material of
the carbonaceous solid acid B. It is known that aromatic
hydrocarbons undergo polycondensation in a concentrated
or fuming sulfuric acid to form an amorphous material of
highly-condensed, complex polycyclic aromatic hydrocarbon,
and that the property of the resulting amorphous material
becomes closer to that of graphite with an increase in
the number of the aromatic ring, and the like. Also, the
carbonaceous solid acid of the present invention has a
stable chemical structure, which is obtained by
condensation and sulfonation of a polycyclic aromatic

hydrocarbon through heat treatment of a polycyclic



The carbonaceous solid acid Cis a solid acid obtained by introducing
a sulfa group by subjecting an organic conpound to heat treatnent in
a concentrated or fumng sulfuric acid., .An international application
pertaining to this carbonaceous solid 323 c has been previ ously
filed (WD 2005/ 029508). The properties, production nethods, and the
| i ke of this carbonaceous solid acid C are described in International
Publ i cati orrdmatWo 2Q05/0295308),, partiderlerlas athd emrgfamire coniponiat
aromati c hydrocarbons can be used; however, other organic conpounds,
for exanpl €ro¥adéifardrdedy ffcPHdyYUdessarafisgdic (ifrssabonmdaving
cel lul ose, and synthetic pol ymer cqnmpounds such as pol yet hyl ene and
pol yacr yl afiog&iep®Ealis @ th@Use dRhe O orfltS @ IR GG rbdHE arld é t her

pol ycyclic aromati c hydrocarbons or nocycl i.c. aromati ¢ hydrocarbons,
and for ex&MPICERY &r %ﬂHﬂ%l ,uraﬁ‘?%/f‘?rcaf'éje'ne, peryl ene, and
coronene can be_use f i ch.naphthal ene _and t |i K an .
referably be uBedtiiPRasHan EPRSCRRaaT & BBRBatna ey B led SRS v,
a conbi nat i t jnds ther Y. - . Also, a
purified oh%&ﬁ?%oéyr%ﬁgﬁdn _negie%J not t;nlre?:ge@g{ai']frsimlaiys ﬁdﬁ%slg%&l;ﬁg for _
exanpl e, heaWfra&li ¥ landPidfiRicdrdtfon Atd ASRRIL AR NY AFQERL £
hydr ocarbons may al so be used.” - 12 - When sacchari des such as

gl ucose anggeldculrese gt heldtC HIed YR tC QP QU ks e Bt ase t he

raw material, it is preferable to heat these raw materials in a
stream of ammimer tsugaduirtiec parid.al Hpweaekonahent ham itempevrancecbeffor e
heat treatnment in a concentrated or fumng sulfuric acid. The heating
t enper at ur ehien tridiag reedt itrr eataremten tratmrdald Y20 d wBl0DCE iandaive
treatnment tinme is normally 0.5 to 20 hours. A condition of partial

car bonat i orisi S opreef éradsl L €L phatcandehbrédbhnon fpeak vofycd i€002)

pl ane whose hal f-value width (20) is 30 is detected in a powder X-ray
di f fracti oReHRd o nar@ et qassatet prddi@iently BRRGeetomati c

hydr ocar bons .qr, heavy fuel oil, pitch, tar, asphalt, and the |ike

cont ai ni ng LT ark Oyt 2 ISHS ke 1 e AR ik T ARGl | it i s
preferable to subject- a product resulting fro at_treatnment_ in a
oncent  at G EE SashitH TN QARG T e FU HaRtTHy, T S dBss

renpves eX‘[b%%uéss;él I ugsio;l iQiCiaQ:i’ & RrOMmId NG, el tﬁ%;&%dé% g%}gltvheent .

solidification roduct ereby increasing t

product . Fajo 8YAGUALT Qherffl X NAUSHSIoM AR 2XhANS 1N Sheed @t 10
an ul't torr or e S

L/mn or nore an i mate pressure of SS |
pref er abl y thseeha 1A cigydAd ikpald MG tRERY ajrd® it 1) g1ac0C, and

a nore preferred tenperature is 200 to 280C. The tinme of evacuation

at this terfpdarndng ed preiutal [an 2 ise 2Ab houwnrphodls3 hydrocarbon
containing sufficient sulfo groups. A more preferred
treatment temperature is 200°C to 350°C. The solid acid
catalyst of the present invention can be synthesized by
using not only a single polycyclic aromatic hydrocarbon
as the raw material, but also plural polycyclic aromatic
hydrocarbons as the raw material. Further, it can also

be synthesized by using pitch, tar, and the like

containing various kinds of polycyclic aromatic



Thi s carbonaceous solid acid C has the follow ng characteristics (1)
to (3). (1) Chemcal shifts of a condensed 6-nenbered aromatic
carbon ring and a condensed 6-nenbergdl?rgnatic carbon ring having a
sul fo group bound thereto are detected in a C nuclear magnetic
resonance spectrum (2) At least a diffraction peak of a carbon
(002) plane whose half-value width (20) is 5 to 30 in powder X-ray
di ffracti orhdradstdetred. asAlvwoll tae shtwectter divdremitom peaks may
include a peak corresponding to other than a (002) plane; however,
pr ef er abl y,Uf{ﬁﬂ%PraatcﬁGPfhwqw%I@%ftkhe (o) enet s det ect ed.

(3) It exhibits Eroton conductivity. In this case, although no
particul ar |ini £3€i 6RTPETRMEEYEd S6r 1thé SFofon ScAndedtividdtd it is
preferably 0.0l to, 0.2 Scm1 nore preferably 0.08 to.0.11 Scm 1 (the
af or ement i G Prt gﬂ/ COHd R AY ":I'Oss%\]L | O‘é%%%a%liﬁje%cl%kﬁ%nan

al ternating _curr.ent_ | t [tio

enper at ur O HoC P ERE o TR o ose " A ed o
limtation ds,; - t hod Af.or : a _m.Groqn ismin a
gas or IiqJ?%uﬁ#¥ﬁﬁgq%%$%$fgﬁigonﬁ%iﬁﬁ%%qgﬁ%gﬁggéhgggqég%g%% aving a
sul fo groupdrtdieducetd helel aEEasud el ddid ude B neddyod of
passing a gas or liquid to be sterilized through a colum filled with
a material e@iRUYING BN dovWEh QLR 2ATIIB0 Vi M8 ed pFlpled taleeyp

i ntroduced therein, a nethod of passing a gas or liquid to be
sterilized prodikt-idrhmeudiods f iditcertisuppoed iy himtertlsdnaondes ni ng
an anor phous carbon having a sulfo group introduced therein, and a
met hod of mEodiisy axighs” @yrd idpaak tledea rstortidinai via h Rulmbtert iadn
cont ai ni ng an anor phous carbon having a sulfo group introduced
therein, fald-0kEd AP F105%5G. The col utm which can be used
herein includes_a colum having an inflow port through which a gas or

liquid to be stBFFErz@F (T84S REGSSAC &RTERMNCowFOre tiir Sy ARATOR TS
sterilized gas.or |i .iglis dischq{ ed, and a part to be filled with
2 materi al ConE MR Al AR PO T BUPA g PLTY o Hup

oLy oduced AASHAL, SR BT U2 2 S0

enpl oyed for rorfat’ography and 1 _ ) )
filter whichean beused harel e tdes, s fidd Somihbas, &i s

hol es or openings so that a gas or li1quird can pass ‘through t

filter, angdWicthQaheWRRPHo 18y R Lldndld< o @l 41 10 B @By phays
carbon having a sulfo group introduced therei'n. Specifically, a woven

or nonwovenrxfoakitic andidtdidbdies Wi he iIURPOEE] vyt et | aforgontai ni ng
an anor phous carbon having a sulfo group introduced therein can be
used. Any b carboors wov erorfahrd 1a aresr dves tuise cthvadyr daongoa@ss | tand for
resi stant agai nst acid.
example, benzene, naphthalene, anthracene, perylene, and
coronene can be used, of which naphthalene and the like
can preferably be used. Although the organic compound
may be used singly, a combination of two or more kinds
thereof may also be used. Also, a purified organic
compound heed not necessarily be used, and for example,

heavy fuel o0il, pitch, tar, and asphalt containing

aromatic hydrocarbons may also be used.



Exanples of the utility of the sterilization nethod of the present
invention include the following. Unsterilized water is passed through
the af orenentioned columm for sterilization so that it is provided as
- 15 - drinking water or cleaning. The aforenmentioned filter is
installed at a ventilation fan or at a ventilating opening in the
living space, car interior space, food storage facilities, and the

i ke to prevent "Aiedr 66CFARTIAE SF EHRN APadilNg otike andomelAR1giSe @ndaner
having the aforenmentioned filter is jnstalled jn the livin stpac,e,
car interi GYTdRREC § TRorgP I idi%ed SUhd T He'd iwg@ erial,
elimnate rritcr.oor aan srgqul n the[;ér om. Also, the aforenmentioned filter
or col um i'd i"WstHIT 6 M % Wadki® ci MR G Bh BT 13 Telfer® Streen
utilizatio Pt ch a .10 erjl. 1§ The
sterilizat i%offn aaqrrletlhnoecf etgf uE‘n}e}‘ op%eagret‘r)iitoaoll 1n‘{/ ecnatsﬁboo;lﬂgcﬂaeﬁ ecg}vgg% Iie aucplz 1%ed

for a masky,cfale Irfhad Tt A RaIOaA & MRIMREH {J0fe XA iy WOVEN or

non-woven fabric) that is resistant to acid is supported with a
material cepfiaiyding a@loanvrralaoH%a@hgom,eth@\@r@gu%es Yhf @ h@OHRa t
introduced therein and a mask is producing using the resulting
menber, thenddtmudy ke fyedided B adresdoceapabl enef tPeataRhitNg ime
i nhal ation and rel ease of m croorganismns. In the present
i nvention, itshenarineldor darfi s rdf ércunso. aA apgaiitdongerfepalrity adal | ed a
m croorgani sm for exanple, bacteria, archaea, protozoa, and fungi,
and furt hercanboredtsion rig gdesf andlded [lclr Gudary otli i rmd qfdiehand aiy of
flagell a such as Eugl ena, and noreover, viruses. The mechani sm
of action @ (& )strdainia xdtcisen heflffevtalofe el hat €48)ali sc @it disni ng an
anor phous carbon having a - 16 - sulfo group introduced therein has
not been eldfdSFHEEH i W& dey &t 3o racfiAigh Ratdte it rdteri al
has a sulf ro which is, converted to a strong acid site that is
conpar abl e%te%tsﬁlpﬁqeéffcﬁo(fuct e sterilization effect is assunmed to
be exer ted  hr ogl captagh ;af nihe M.ero@coanl $IR L0 A0S Syl f3.9rquP
Because this material I's carbonaceous, 1t I'S adsorptivé to
m croor ganisgys, AndJite | S fongideared tI:Q?HtaI' } & i sNB in a gas
or liquid are attracte_d jtovvar%{tﬁils a sprptllhﬁir{ay, I\(/z\ic}:r[e_re y the
M cr oor ganiysi- RI=81RfHd GrantdseProuaie indd reit@ict Witth & sul fa
group. As described above, a solid acid has been considered to be
devoi d of @retfemdblzaticomeffeat benasast wddKe ind ifpend racid, it
| acks fluidity; however, this material containing an anorphous carbon
havi ng a sulrfea tgreouip iirntar acuneeoth tirtedrez] 1 sfwwingy derldthrticc heovded sl ved
the problemof fluidity owwng to its adsorptivity to m croorgani sns.
vacuum heating. This process removes excess sulfuric

acid, while promoting carbonization and solidification of
the product, whereby increasing the yield of the product.
For evacuation, an exhauster with an exhausting speed of
10 L/min or more and an ultimate pressure of 100 torr or
less is preferably used. A preferred heating temperature
is 140 to 300°C, and a more preferred temperature is 200

to 280°C. The time of evacuation at this temperature is

normally 2 to 20 hours.



Al so, in the Exanples to be described later, only the sterilization
effect on the mcroorganisns in a liquid is denonstrated. However, if
t he mechani sm of action of the ster|I|E tion effect of the naterlal
cont ai ni ng an amor phous carbon having a sul fo group introduced
therein is supposed to be as described above, then it is assuned to
exert a simlar sterilization effect also on the mcroorganisns in a
gas as it does dhisheagbeonssegas $o8lich aglld uihdgs therZollpwdmsl es
Next, the sterilizatiaon effect of the present invention will be
el uci dat ed SHAHRFERrTNGE t 0 Bl Bs.  (Exanpl e 1) In this

Exanple, the steriliz ffect of t carbonacequs sol i d aC|ds A
to C produc tﬁ?l alolﬁqlfvﬁetrfg C?Tfi[et C%P & %Tlﬁ‘er@%%reefg HRLLG 1)
Production of -the carbona eous_ s |I§L&ié_ re or E%rbon
conpound, com%r ci'al %/ Avaid anl'e W TT ocrysetmk?efl n% eﬁml1 ‘0se Wad lsed.

pnto athreafesicdidele & & A4l SARl Unss e il ik Loy | aped

by heati ng at 450C a streamof nitrogen gas,

whereby 9 g3efnapitasonpletely E@é@ﬁ@hé@dsﬁéééﬁﬁﬁ_ was obt ai ned
(hereinbel ow, this product is referred to as an "inconplete

carbi de"). (Ehi satopey=adti on e Fapeiadrebddk SOEW ecarisd t @l 0v Wah K e of
inconpl ete carbide. Into a 1 L recovery flask, 20.2 g of the

i nconpl et e woydd de 10btad ned vaisi aboyvd was o acedocand bbagbkagk regs
t hen nmounted on the rotary evaporator ROTAVAPOR RE120 (rmanufactured

by BUCH Labdrirctiidn AG (Midzerd and)lso, Thaer deteetydf dadi nagsion
rotated while heating to 60C, and at the sane tinme, the inside of the
evapor at or ReEs<sddmet dtredl Usle & mm%ﬁﬁﬁﬁ(@l@ﬂ@a’% Gt Hedn axsk
was hernetical |y sealed. Meanwhile, 6.1 g of sulfur trioxide (trade
name "N ssol B84 FenQipfiauay &y MEsSe L CHEM AL Idgacii peals

wei ghed OUEH?QF{OOZ) plane is detected.
(3) It exhibits proton conductivity. In this case,
although no particular limitation is imposed on the
proton conductivity, it is preferably 0.01 to 0.2 Scm™,
more preferably 0.08 to 0.11 Scm™t (the aforementioned
proton conductivity is a value as measured by an
alternating current impedance method under conditions of
a temperature of 80°C and a humidity of 100%)}.

No particular limitation is imposed on a method for
contacting a microorganism in a gas or liquid with a
material containing an amorphous carbon having a sulfo
group introduced therein. Examples thereof include a
method of passing a gas or liquid to be sterilized
through a column filled with a material containing an

amorphous carbon having a sulfo group introduced therein,

a method of passing a gas or liquid to be sterilized



- 18 - placed in a three neck flask for gasification. This sulfur
trioxide was gradually introduced into the evaporator from an
injection cock in the upper part of the,condenser of the rotary
evaporator. After introduction of sulfdr trioxide, reactions were
allowed to proceed while rotating the recovery flask at 60C for two
hours. Upon conpletion of the reaction, a sulfur trioxide
gas- i nt r odudycsil ian€ ivdse i ssdmmaddina aath teiel sluldartaimiond dé gas i n
t he evaporator was replaced by nitrogen gas. The recovery fl ask was
di sconnect SPFFHALHhE FRRPBorr RO %rfd AhRR i Briuydedtherein,

distilled water was added into the recovery, flask, fqllowed hy.
T me o e Chr i i s s sl it TRt SO 75
content _was fil.tered b

bel ow. b I h | i o}
f iel ? \rNat iS(l;nS"“ﬁ%Lflﬁgat é‘y%%/etd:rlgaplﬁ ioqo:ngtalﬁ'ﬁ#@gf i4% eafn?rr%lnoul*sac(:tau%%eofpu g{/a{‘f(\)ﬁnl}q iapor e

Cor poratio qgﬁiﬁ_c&[ - j L £ ﬁpé%gyo; ﬁ_% i t he
solid cont eréqrwﬁltl wa ré%yslgg{nr?égklze? g&;]h appllﬁgifmt ely . (S)It}llg}%s'ti 'l ed
water, followedrRy $bihhhngnieh @nMbaULRSd &R4lihe isehiduas
filtered again. This operation was repeated until the pH of the

filtrate waslaidiDsiawiofistantin ARG then: theraYH Gitiaf entgamsodri ed at
80C for a day. Further, as hot water washing, the solid content was
washed wi t HieQ drtofbaissiddillad adtier iof fiagat, oxdrmadied §1 OGS rtThi s
operation was repeated until the pH of the filtrate was al nbst

const ant . Afhtrerudiotwhiaatrera weastriing, z acheyassolam Iciantiehtisvadi drfisedyeat, 80C
for a day to give - 19 - 20.9 g of a solid acid. The sul fur content
in the carBoaced sdd daadiid IRDltidimead me- aibdde astagirgnamans (2)

Production of the carbonaceous solid acid B i i
amorphous carbon having a sulfc group introduced therein.

For the column for sterilization, a column employed for
chromatography and the like may alsc be used.

The filter which can be used herein includes a
filter which has fine holes or openings so that a gas or
liquid can pass through the filter, and which can support
a material containing an amorphous carbon having a sulfo
group introcduced therein. Specifically, a woven or non-
woven fabric and the like which supports a material
containing an amocrphous carbon having a sulfo group
introduced therein can be used. Any woven or non-woven
fabric may be used as long as it is resistant against
acid.

Examples of the utility of the sterilization method
of the present invention include the following.
Unsterilized water is passed through the aforementioned

column for sterilization so that it is provided as



The carbonaceous solid acid B was produced in accordance with the
description of Exanple 1 of Japanese Patent No. 40414009.
Specifically, the production was as follkow As a polycyclic aromatic
hydr ocarbon, conmercially avail abl e coronene (C24H12) was used. Into
100 nL of concentrated sulfuric acid (96%, 1 g of coronene was
added, followed by heating at 200C for eight hours. Then, excess
concent r at e igimg wa tdy el aegvicvied Bredipsorengnitéangdddl lteduéed
pressure at, 250C to give black solid powder. The solid powder thus
obt ai ned wad'StEdHEd witt 1 3R il adfl gt AR A% cHold Vet ksl per at i on
was repeated until sulfuric acid in ethyl alcqhol, after washi ng. was

equal to oPBRSRIEW e [t &Lt GHP ISBRTE /0fcaThe T8 Sorietht aiRA Sl . The

car bonaceouS Osr%l i df%CiigL‘ as ot%lt itrhed aiﬁ<eb|taoCk eq]V\dnr and no
structure Wwas ‘¢onti'r 1by an )?—ray cﬁf]’fractlor? patetern, reveal i ng

that 1t vesmihons. ol Sod e S GAnLeln | Nathe,sachanggeous

solid acid obt ai'ne ove was uction o

car bonaceoys;\80ld ¢racist rement i LA RANACEAUS B0l 1t ACi i Gas
produced in accordance with the description of Exanple 4 in the

speci fi cat i1ari0fy \WBa2R05/R329508 e rSRACIIPgLA | YEodd & et 0% MBSt &S,
follows. As the organic conpound, comercially avail abl e napht hal ene
was used. lamidd t3R0 Inlke t20 el iofin6% eaneenrtredraidsnsul ifruriee atdah. 20 ¢
of napht hal ene was added, and while infusing nitrogen gas into the
resul ting dibsoyr ehat a3 remeamit,ontdue i Mtar e mas lheat eds atnA50Q fdratl5
hours to give a black liquid. The liquid thus obtai ned was heated at
250C for fiavediedr < iwdule téwde it thd rusiate ra Utiight asdchaam frastidriyt imsp
wi th an exhausting speed of 50 L/min and an ultinmate pressure of 1 X
10-2 torr MAeds Fo RS SEdss Idend& tS%t ed sul furic acid and
pronot e carboni zation, where bl ack powder s _obtai ned. The bl ack
owter thus. obt SEfed eas LREataanale BOa Por 19 RO dur oA s thoan
of an i nert__gas, an%et qletn Lwazsetaec%fovg tah mBOQ( mL gf tdi.sti l.l.ed water. This
operation WAS lﬂétﬁé’at &d Uit 12 SSUdr i% "RE i h i stEr | éé Rater after
washi ng m%r‘aegi%@n{abtl% ?rfenw%qer(fto}}.e e trrﬁﬁte!,o% leorvetn %r Lrniqa—woven .

af orenenti oned el enentary analysi s by "an ‘el enentary anal yzer usi ng

flash conmbystjan, wherehy ananmphous Garkon havimne & silfigroup
i ntroduced therein, nanmely a carbonaceous solid acid was obtained. As

a result ofmarRasune it adh it dreSldrighd EArReREe s, S0} i Aagifh by

t he 13CMAS nucl ear nagnetic resonance spectronetry, a chem cal shift
due to a condensech tGodiere g rarioneind € ardydn ird nr appsaredsieay 130
ppm and a chem cal shift due to a sul fo group-bound condensed 6-
menber ed artdveatries uddrilngn meming rap fidemed tnedrl 1146 gpmvinied E30 anuclssar
magneti c resonance spectrum These shifts are spinning sidebands that
ar e char acrc@piadtliec gifl preysevied ilmheHa tize e mgdiesse midfgneti c
resonance spectrometry, - 21 -

microorganismns.
In the present invention, the microorganism refers
to an organism generally called a microorganism, for
example, bacteria, archaea, protozoad, and fungi, and
further, it also includes unicellular eukaryotic algae
having flagella such as Euglena, and moreover, viruses.

The mechanism of action of the sterilization effect

0of the material containing an amorphous carbon having a



and are not originated fromcarbon species. Al so, as a powder X-ray
diffraction pattern, diffraction peaks of the carbon (002) and (004)
pl anes were confirmed by neasurenment _with_an X-ray anal yzi ng devi ce.
The hal f-value width (20) of diffraction peaks of the (002) plane was
11. Al'so, the sulfur content in the carbonaceous solid acid C
obt ai ned as above was 9 wt.% (4) Sterilization effect of the _
car bonaceo! ls§ gy drtxadiaebiiEredal ihag inotadaen eplycidated in
Escherichia coli. NBRC3972 obtai ned from National Instjtute of
Technol ogy S&td By iS4t i SHERE usEd et et Talct drataridgdias viassulto
obt ai ned by suspendi.nqg bacterial bodies obtai ned by, cul turi t he
af or enent i GHEFE. Wrdfﬁq% i FHOITHEIChgR DIHEHeAUR (Ferfurd@iured by
NI SSU  PHARMACEUTI. CAL .CO. TD.) . at _.30C f.or aqne day i.n sterilized.
wat er, and THER réaéiqﬁe\s i 931Jt1t|;feu RVET taecrliée){l t(%Ioeu it o alpzpartolxcfnrra?fe%/c 5
107 cfu/m d ' i i) As the medium
agfsfulﬂae%f ands,d e SA QNN rlfHdBr{‘%dHr‘Ts'b%%t O%ﬁ {xe

for bacteri count neasurenent, a large nu agar plate nedia

wer e producad Ry addiingsl 1200a0a hi0 Ae AP medibume’ Paiigo”
(rmanufactured by N I-1ON PHARVACEUTI CAL CO., LTD) and used. (iii)

The neasur efsmirieperial icirdehasedd | ows: 1 D.2dh it the powdery

car bonaceous solid acid A was wei ghed out and placed in a vial with a
SI LI COSEN, rfialHoawechrdysnst,eamdstiar illd zatrisinieatedl 2HG Hf arhél5 mi nut es.
After this sterilization treatnent, 2 m of the aforenentioned test

- 22 - bactdrdraloddaquisthandasy addeds iant ditchel d/iaatg ol faovieet yowaotdar y
shaking at 30C (140 rpm). After 10 m nutes, 200 pl of the liquid thus
treated i n e wdHorrtHe idar b oimricdus e imd cedar gRnd gike a%sst
bacterial liquid) was sanpl ed, which was then imediately serially

di luted (159 CEGAYY PTAYIRG oM tNidM AT iMied vatleho group. As

Sroar od SefRSEraF b A e "t Hb AT Oh i AT KIS IR b
fgtfaosggsgkgﬁﬁfoﬁfQ@%ﬁﬁggfif¥géiéﬁég£fé%g)BéégéégfofEifgxgff¥q6¥1
acid, it lacks fluidity; however, this material

containing an amorphous carbon having a sulfo group
introduced therein is considered to have solved the
problem of fluidity owing to its adsorptivity to
microorganisms.

Also, in the Examples to be described later, only
the sterilization effect on the microorganisms in a
liquid is demonstrated. However, 1f the mechanism of
action of the sterilization effect of the material
containing an amorphous carbon having a sulfo group
introduced therein is supposed to be as described above,
then it is assumed to exert a similar sterilization

effect also on the microorganisms in a gas as it does on

the microorganisms in a liquid.



then live bacteria were counted by a col ony count nethod. Simlar
measurenents were al so nmade for the carbonaceous solid acids B and C.
(iv) Also, as a control experiment, the-follow ng experinment was al so
carried out. Into a steamsterilized vial with a SILICOSEN, 2 m of

the aforenentioned test bacterial liquid was placed, followed by
rotary shaking at 30C (140 rpn). After 10 mnutes, 200 ill of the
test bacterial liquid in the vial was sanpled, which was then

i mredi at el erlaIIy diluted (10 to 104-fold dllutlon) W th
sterilized Tt esSubsequently, 50 pl of each dilution of the

bacterial |iqui parat.el y o.th for enenti gned SCDLP
agar plate nedi 8’ u%gg 1312 %[1&11 et% tc%o cﬁ)ﬁy? @fseéjt ti c

culture at 306G |.ive bacteria vere, coun co on

Tabl e 1 shows e[ tlornesuajtcls%%uesl 0 Jt%a}tneEd renncun‘oer Lﬂfarfll ve
bacteria inga chterlal liquid - 23 - W|thout perform ng
10-m nut e rota % ing treatnment was counted by a col ony count

met hod, and therphesyliti BGRRALET ithle GRWHI 1485 tSROWR fird ~taklre theas the
live bacterlal count at the initiation of the treatnent. The |ive

bacterial couwHorddretald &sdll IEpESEBNS tdhe Ytduded By e ti®l lowing
treatnent liquid, and indicates an average value of the |ive

bacteri al cmimtodbtaal ed @afltierwgerdcamimegi each treat ment experi nent

twice. [Table I] Solid acid
(1) Production of the carbonaceous solid acid A

As the organic compound, commercially available

microcrystalline cellulose was used. Into a three neck
flask, 20 g of this cellulose was placed, followed by
heating at 450°C for five hours under a stream of
nitrogen gas, whereby 9 g of an incompletely carbonized
product was obtained (hereinbelow, this product is
referred to as an "incomplete carbide"). This operation
was repeated to secure a certain weight of incomplete
carbide. Into a 1 L recovery flask, 20.2 g of the
incomplete carbide obtained as above was placed, and the
flask was then mounted on the rotary evaporator ROTAVAPOR
RE120 {manufactured by BUCHI Labortechnik AG
(Switzerland)). The recovery flask was rotated while
heating to 60°C, and at the same time, the inside of the
evaporator was deaerated by a vacuum pump (0.5 kPa), and
the flask was hermetically sealed. Meanwhile, 6.1 g of

sulfur trioxide {trade name "Nisso Sulfan" supplied by

NISSO METALLOCHEMICAL CO., LTD.} was weighed out and



4

Li ve bacterial count (cfu/ml) At initiation of treatnment After
10-m nute treatnent No carbonaceous solid acid 2.2X107 1.0X107
Car bonaceous solid acid A 2.2X107 0 _ 18 -

placed in a three neck flask for gasification. This
sulfur trioxide was gradually introduced into the
evaporator from an injection cock in the upper part of
the condenser of the rotary evaporator. After
introduction of sulfur trioxide, reactions were allowed
to proceed while rotating the recovery flask at 60°C for
two hours. Upon completion of the reaction, a sulfur
trioxide gas-introduction line was disconnected and the
sulfur trioxide gas in the evaporator was replaced by
nitrogen gas. The recovery flask was disconnected from
the evaporator and approximately 500 mL of distilled
water was added into the recovery flask, followed by
stirring for 10 minutes. The temperature was maintained
at 30°C or below. Subsequently, the solid content was
filtered by suction filtration using a hydrophilic PTFE
filter (manufactured by Millipore Corporation, omnipore,
pore size of 10 um). As aqueous washing, the solid
content was resuspended in an approximately 500 mL of
distilled water, followed by stirring for 10 minutes, and
the so0lid was filtered again. This operation was
repeated until the pH of the filtrate was almost constant,
and then the solid content was dried at 80°C for a day.
Further, as hot water washing, the solid content was
washed with 500 mL of distilled water of approximately
100°C. This operation was repeated until the pH of the
filtrate was almost constant. After hot water washing,

the solid content was dried at 80°C for a day to give



Car bonaceous solid acid B 2.2x107 0 Carbonaceous solid acid C 2.2X107
0 (Example 2) In this Exanple, using Euglena belonging to the
genus Eugl ena from anong those of the yl um Eugl enozoa and the

phyl um Protozoa, the sterilization effect (cell menbrane disrupting
effect) of each of the carbonaceous solid acids A to C was exam ned
under the follow ng conditions. (1) Production of the carbonaceous
solid aci dg0AS%t @ @f a soffid @sdlonatkeususdrrdcasrestAinotEevere

produced in a_simlar nmanner to Exanple I,
carbonaceous sclid acid A obtained as above was 0.%4 wt.%.

(2) Producticn of the carbonaceous solid acid B

The carbonaceous so0lid acid B was produced in
accordance with the description of Example 1 of Japanese
Patent No. 4041409, Specifically, the production was as
follow. As a polycyclic aromatic hydrocarbon,
commercially available coronene (CziHiz) was used. Into
100 mL of concentrated sulfuric acid (96%), 1 g of
coronene was added, followed by heating at 200°C for
eight hours. Then, excess concentrated sulfuric acid was
removed by distillation under reduced pressure at 250°C
to give black solid powder. The solid powder thus
obtained was washed with 300 mL of ethyl alcchol, and
this operation was repeated until sulfuric acid in ethyl
alcohol after washing was equal to or below the detection
limit of the elementary analysis. The carbonaceous solid
acid B was obtained as black powder and no structure was
confirmed by an X-ray diffraction pattern, revealing that
it was amorphous. Also, the sulfur content in the
carbonaceous solid acid B obtained as above was 4 wt.$%.
(3) Production of the carbonaceous solid acid C

The carbonaceous solid acid C was produced in
accordance with the description of Example 4 in the
specification of WO 2005/029508. Specifically, the
production was as follows. As the organic compound,

commercially available naphthalene was used. Inte 300 mL



(2) Cell nenbrane disrupting effect of the carbonaceous solid acids A
to Con Euglena - 24 - (i) As the test bacteria, Euglena (powder)
obtai ned from EUGLENA CO., LTD. was gs%g._The above cell nmenbrane
di srupting effect was confirmed by a phenonenon of detecting
intracellular glucose in the Euglena cell along with the disruption
of Euglena. (ii) The test nethod is as follows: 3 g of the carbon
solid aci dof 9% cgnsfentia tafdorsatdimttiished IBugl%hd) ahdapishaleasfe
wat er were wei ghed out and pl.aced in a beaker, followed by stirring
at 30C f or "Gife WSR3 (400 MEHLe TR S e Nttdiq99™y A3 e ddte was

j udged by neasur.i.n l.ucose in the resulti aquequs sol ution.

oo ot ] v Gt MERE d Al e I EL ISR
car bonaceo olid acid with strongly acidic iLgn exchange resin
(manuf actu éﬁﬁyfﬁfdikcﬁ?uﬁﬁbEPl9%?918)gi?ﬁ§ ééﬁﬁéﬁaceﬂﬂ% Lb@?ﬂdacids
B and C were al so.si.mlarly tested oFramthe_above tests, it
maafound (N S e Llas GRRIE s 450 Talll ALwBeiEss RhT ey of

gl ucose vag defie@iied 1ANhJMEn e LRARANACRAUS, SRS vAGid B was
used, 20 ng of glucose was detected, and when t'he carbonaceous solid

aci d C was eigahs t3% g pefe Ol G Was rdefrRC ted vt i rasdssushen it he
strongly acidic ion exchange resin was used, no glucose was detected.

(Exanple 35 x 1072 libihiSr Exae®l & #difowd eskddgationealfecte®f the
car bonaceous solid acid D produced by the follow ng nmethod on vari ous

m cr oor ganissiEwEs exdm medl promfe carberRrzeduictri owhefrethe black

car bonaceous solid acid D
powder was obtained. The black powder thus obtained was

heated at 180°C for 12 hours under a stream of an inert
gas, and then washed with 300 mL of distilled water.

This operation was repeated until sulfuric acid in
distilled water after washing was equal to or under the
detection limit of the aforementicned elementary analysis
by an elementary analyzer using flash combustion, whereby
an amorphous carbon having a sulfo group introduced
therein, namely a carbonaceous solid acid was obtained.
As a result of measurement of the resulting carbonaceocus
solid acid by the CMAS nuclear magnetic resonance
spectrometry, a chemical shift due to a condensed 6-
membered aromatic carbon ring appeared near 130 ppm and a
chemical shift due to a sulfo group-bound condensed 6-
membered aromatic carbon ring appeared near 140 ppm in a
3¢ nuclear magnetic resonance spectrum. These shifts are
spinning sidebands that are characteristically observed

in the *C MAS nuclear magnetic resonance spectrometry,



Into a 500 nL three neck flask, 4 g of the aforenentioned inconplete
carbide, 100 nL of 96% concentrated sulfuric acid, and 100 nL of 30%
fumng sulfuric acid were placed, foll d by heating at 80C for 10
hours under a stream of nitrogen. After 10 hours, the resulting

m xture was returned to roomtenperature, to which 200 nL of
distilled water was added, and the solid content was filtered by
suction f|IQHQHﬁﬁﬁ1Hﬁ$rﬁfkﬂkﬂQﬁﬁﬁfﬁﬁﬂﬂ danh@r srefeledl | dleent ést anas
col | ected and resuspended in 400 nL of distilled water of

appr oxi mat 9 OR00 & T Y éjrl%qtrfg?%rﬂﬁts‘ﬁrr% r’r?glﬁ%"ra%@?ﬁ mREsS the
lid t ent £ilt filtrat Thi

- epeat od urtlY THRPBH ﬁdoeﬁheavﬁ“ﬁda& meamesq = LSS 20 hen

the solid Gontent was drItEi{Zl >§OC far el dalyrl telr éjryl g% 1? larly

to the above, The'solt d content” was surb ected 10 ot wa wgs

with 400 m of dlh§l IleﬂZtII ﬁf ap#tq{(olt" teI 10f0%h gﬁr@st lane

oper ation V\B.S repe 0] e V\B.S

constant. Affer faot peLst va hgﬁgﬁuw@?g%hg gﬁnfcﬁgtc Boflibggugt 80C

for a day to glvea50|d acrd ur content in't

car bonaceous 1sid iztiacicl dpabtraided apbahowesvas Wt lgw . % (2) The
sterilization effect of the carbonaceous solid acid D on vari ous

m cr oor gani s JtgriAs Adtel dresdf hmatt erff ashdPssudarmmnasoyitsadaid acids
NBRC14164, Staphyl ococcus aureus subsp. aureus N3RC12732, and - 26 -
Baci | | us at? dphdeus: NBRCY8721 obt ai ned from National Institute of
Technol ogy and Eval uati on were used. Test bacterial |iquids were

obt ai ned by(idudigerdi r@lbactF@qTEﬁrmmEes:Qim ANERSP D2 ebvtaimery fBzah of
the m croorgani sns in an agar plate medium which was prepared by

addi ng 1. 5%danalo HHe ISeli Hedi IR Ded Go A Hrani et v e 1HE NSRd ON
PHARVACEUTI_CAL D)., .at, 30C (37C f t.he croor gan

bel ongi ng to tter?gogy’@ﬁh:se%taalpﬂﬂ%dj(c C?Q}_r Hﬁ%?récfﬂq zed

wat er ; and ad t. t he bacter aI Qunt _t ro nat e 105 to0

cf u/m (cfu % gflcf!sq?oroago Sonoy}O I nguunclut];)tu e Xlk}fs at#é/rer{‘éedltlrﬁ% C?

bacteri al GoUNL, AT LR, Shgsaeaderalyatea P nmffét&%%ﬁgar

pl ate nmedi a were prepar
NISSUI PHARMACEUTICAL CO., LTD.) at 30°C for one day in

sterilized water, and then adjusting the bacterial count
to approximately 2 x 107 efu/ml (cfu stands for colony
forming unit).

(i1) As the medium for bacterial count measurement, a
large number of agar plate media were produced by adding
1.5% agar to the SCDLP medium "Daigo" (manufactured by
NTHON PHARMACEUTICAL CO., LTD) and used.

{(iii) The measurement operation is as follows: 0.1 g of
the powdery carbonaceous solid acid A was weighed ocut and
placed in a vial with a SILICOSEN, followed by steam
sterilization at 121°C for 15 minutes. After this

sterilization treatment, 2 ml of the aforementioned test



(iii) The measurenment operation is as follows: 0.1 g of the powdery
car bonaceous solid acid A was wei ghed out and placed in a vial with a
SILI COSEN, followed by steamsterili ;a%’bog at 121C for 15 m nutes.
After this sterilization treatnment, 2 of each of the

af orenenti oned test bacterial |iquids was added into the vial,

foll owed by rotary shaking at 30C (140 rpnm). After 10 m nutes, 100 gl
of the |iquiadtanisl rldardd iwpa ddgdl indes Sempliead . v bhrwes kthen

i medi ately serially diluted (10 to 104-fold dilution) with
sterilized nadaary Shadseguat 130°C5d 1410 gpméachA8Eent 8nmruths, 200

bacterial liquid was snmeared separately onto the aforenenti oned SCDLP
agar pl at e HedifurkR el idrichddiind: T e baldt dttan Viab7{thgere

statically cultured at 30C.(37C for, the .m croqrgani.sns. belonging to
t he genus §ta§|c9%ﬂ gcoccus Olelor aocnleé)tpb th\itohed gltyessotanaa %%eernl bliev]g1 c%élc eria

wer e count ny +C t (. : , - r ol
experi rrgnt %2;) ?ﬁﬁﬁlgﬁcﬁv%%?hwe%f%mlﬁ%%ﬁgﬁ eysta§ ]glc%ﬂ acflullllfiqeucl1 ds

was placed iy astiRADesh ar ighh 484 ow) akyiwnt B ta rShll @SNt fol | oned by
rotary shaking at 30C (140 rpn). After 10 mnutes, 100 gl of the test

bacterial Iggidnidhting Walyase sam et @b ide Hactelda ele
counted by a colony count nethod in a simlar manner to the above.
Tabl e 2 shdvisyuile weaes Wntesa Hdiliss et rad theeldy A tSO, tHden fumrdegnoforlddve
bacteria in each of the test bacterial |iquids w thout performng

10- mi nut e ISECARY ssivakipig tta estdiemt . WaAS tegustnedriyga ¢hleoivgcteumia

nmet hod, and the resulting bacterial count was shown in Table 2 as the
| i ve bact emieale coaiti el vheultivdeat iagn 3F°Ct Hert vaat renttwoTlde visi wad
bacterial count in Table 2 represents the value per m of the

treat ment IG°GH d1VEhPAGHATCER ¢ %h BRI RaluEDORME e method.

bact erial count_obtalned after, nerforing ach Jeauent, experd ey

solid acids B and C.
(iv) Also, as a control experiment, the following
experiment was also carried out. Intc a steam—-sterilized
vial with a SILICOSEN, 2 ml of the aforementioned test
bacterial liquid was placed, followed by rotary shaking
at 30°C (140 rpm). After 10 minutes, 200 pl of the test
bacterial ligquid in the vial was sampled, which was then
immediately serially diluted (10 to 10'-fold dilution)
with sterilized water. Subsequently, 50 pul of each
dilution of the bacterial liquid was smeared separately
onto the aforementioned SCDLP agar plate medium.
Subsequently, after one to two days of static culture at
30°C, live bacteria were counted by a colony count method.
Table 1 shows the results thus cobtained. Also, the

number of live bacteria in a test bacterial liquid



Solid acid Live bacterial count (cfurm) At initiation of treatnent
After 10-m nute treatnment |aseurlemernticle NEI RC1064 AbeeM 1. 1X107
4. 4X106 _ 23 =

without performing 10-minute rotary shaking treatment was
counted by a colony count method, and the resulting
bacterial count was shown in Table 1 as the live
bacterial count at the initiation of the treatment. The
live bacterial count in Table 1 represents the value per
ml of the treatment liquid, and indicates an average
value of the live bacterial count obtained after

performing each treatment experiment twice.

[Table 1]
Live bacterial count (cfu/ml}
Solid acid
At initiation After 10-minute
of treatment treatment
No carbonaceous solid acid 2.2x107 1.9% 107
Carbonaceous solid acid A 2. 2X107 0
Carbonaceous solid acid B 2.2x107 0
Carbonaceous solid acid C 2.2x107 0
(Example 2)

In this Example, using Euglena belonging to the
genus Euglena from among those of the phylum Euglenoczoa
and the phylum Protozoa, the sterilization effect (cell
membrane disrupting effect) of each of the carbonacecus
solid acids A to C was examined under the following
conditions.

(1} Production of the carbonaceous solid acids A to C

The carbonaceous solid acids A to C were produced in
a similar manner to Example 1.

{2) Cell membrane disrupting effect of the carbonaceous

solid acids A tc C on Euglena



PreseM 1. 1X107 0 Staphyl ococcus aureus NBRC12732 Absent 7.3 x 106 7.5
x 106 Present 7.3 x 106 O

_24_

(i} As the test bacteria, Euglena (powder) obtained from
EUGLENA CO., LTD. was used. The above cell membrane
disrupting effect was confirmed by a phenomenon of
detecting intracellular glucose in the Euglena cell along
with the disrupticn of Euglena.

{ii) The test methoed is as follows: 3 g of the carbon
solid acid A, 1.5 g of the aforementioned Euglena, and
2.5 ml of water were weighed out and placed in a beaker,
followed by stirring at 30°C for one hour (400 rpm).
Then, fhe sterilization effect was judged by measuring
glucose in the resulting aqueous solution. As a
Comparative Example, a similar test was performed by
replacing the carbonaceous solid acid with strongly
acidic ion exchange resin (manufactured by Aldrich,
Amberlyst-15). The carbonacecus solid acids B and C were
alseo similarly tested.

From the above tests, it was found that when the
carbcocnaceous solid acid A was used, 53 mg of glucose was
detected, and when the carbonaceous solid acid B was used,
20 mg of glucose was detected, and when the carbonaceous
solid acid C was used, 25 mg of glucose was detected. 1In
contrast, when the strongly acidic ion exchange resin was
used, no glucose was detected.

(Example 3)

In this Example, the sterilization effect cf the

carbonaceous solid acid D produced by the following

method on various microorganisms was examined.



Baéi |  us atroohaeus NBRC13721 Absent 3.8 X 105 2.4 x 104 Present 3.8
x 105 0 (Exanple 4) In this Exanple, using E. coli, the
sterilization effect of fthga car bonacgogg solid acid D was exam ned
under the follow ng conditions.
(1) Production of the carbonacecus solid acid D
Into a 500 mL three neck flask, 4 g of the
aforementioned incomplete carbide, 100 mL cf 96%
concentrated sulfuric acid, and 100 mL of 30% fuming
sulfuric acid were placed, followed by heating at 80°C
for 10 hours under a stream of nitrogen. After 10 hours,
the resulting mixture was returned to room temperature,
to which 200 mL of distilled water was added, and the
solid content was filtered by suction filtration using a
glass fiber filter. The solid content was collected and
resuspended in 400 mL of distilled water of approximately
100°C. After heating and stirring for 30 minutes, the
solid content was filtered by sucticon filtration. This
operation was repeated until the pH of the filtrate was
almost censtant, and then the solid content was dried at
80°C for a day. After drying, similarly to the above,

the solid content was subjected to hot water washing with
400 mL of distilled water of approximately 100°C, and
this operation was repeated until the pH of the filtrate
was almost constant. After hot water washing, the solid
content was dried at 80°C for a day to give a solid acid.
The sulfur content in the carbonaceous solid acid D
obtained as above was 5.1 wt.$%.

(2) The sterilization effect of the carbonaceous solid
acid D on various microorganisms

(i} As the test bacteria, Pseudomonas putida NBRC14164,

Staphylococcus aureus subsp. aureus NBRC12732, and



(1) Preparation of the carbonaceous solid acid D The carbonaceous
solid acid D was prepared in a simlar manner to Exanple 3. (2) The
sterilization effect of the carbonaceo solid acid Don E. coli (i)
The sane E. coli as those used in Exanple 1 were used. (ii) As the
medi um for bacterial count neasurenent, a tryptosoya agar nedi um
(manuf act ur ed by NI SSUI PHARVACEUTI CAL CO., LTD.) was used. (iii)
The neasur &fenitl 1ojfe raditiaira BRI Hinst et firn ﬁ?ﬁ/ﬁé?nyal

car bonaceous solid acid D was wei ghed out and placed in
steamsterqusztéd:%ealoimq%@@l%%@@d VAHGIRL IR0 e tRsl.  Test

F‘IL? élrege gtﬂé%”t eﬁl:@?'é@%%*’ﬂ';ﬁ%ﬁ“&s s #éoevtrﬁ?}ﬁsrvénaw%af%e%fa he
e at ol SHEA R LG8 B TSR s é‘ﬁﬁorﬁef’%anﬁism%h

sterilized jyp ta%r agHDFAANRN L 2D Qﬂ}qﬂfh sl Pﬁlé%% orementl Onedg

bacteri al I|qU| was smeared separately onto the

tryptosoya jaga At &dedidcmi ale SRR M gd he(haf]fld M &y
statically cultured at 30C for one day and then | 1ve bacteria V\ere

counted by pariemd WMUTWI@PHQQ:O { \@Tlﬁ' SQat a§0°@ C(@m’('iokoﬁxﬁ)ﬁé' ment,

10 M of the aforenentioned E. coli liquid was placed in a

st eam st er iliizedngzali and foed SIdinEOSEN, t Heoldeowedd Shyaptotlargocshaki ntpmat
25C (140 rpm. After three hours, 100 gl of the E. coli liquid in the
vial was samd ethy dmd e arsceviad awer ercbati etk thyna Wod dmc oot L
method in a simlar manner to the ahove. Tabl e 3 shows the
results th@wht dinePprraxcatde ritbée 30| ¢fe/Bhclefiastandnefobst
bacteri al uid w thout perform ng 3-hour rotary shaking treatnent
was count ecFogLf“eY dATI %L 3t et hod, and the resul ting bact er| al

count was shaown _i n Tabl e he . live ba terial,L count at t
initiation 9f't Ae tt}bear"f‘?@ﬁﬁ 1#‘? hiakfeted: rqoé}ntc&ﬁﬁsql?‘lemlea{b e 3
represents [. er etr d e an
aver age vaI ugﬂ%L aﬁjtlﬁg l%l vleaq‘jl?actneénﬁja II coun tal ad;r n{ r}fiJT or%sn%e‘?leg

each treat g, SXNETIENsdM ce. Al so, pH of each I | quid | s shown in
par ent heses.

{iii) The measurement operation is as follows: 0.1 g of
the powdery carbonaceous solid acid A was weighed out and
placed in a vial with a SILICOSEN, followed by steam
sterilization at 121°C for 15 minutes. After this
sterilization treatment, 2 ml of each of the
aforementioned test bacterial liquids was added into the
vial, followed by rotary shaking at 30°C (140 rpm).

After 10 minutes, 100 pul of the liquid thus treated in
the vial was sampled, which was then immediately serially
diluted (10 to 10'-fold dilution) with sterilized water.
Subsequently, 50 pl of each dilution of the bacterial
liquid was smeared separately ontoc the aforementioned

SCDLP agar plate medium. After smearing, the bacteria



[Table 3] - 30 - Solid acid Live bacterial count (cfu/m) At
initiation of treatnment After 3-hour treatnent Absent 1. 6 X 105 ( p
H5. 7) - 27 -

were statically cultured at 30°C (37°C for the

microorganisms belonging to the genus Staphylococcus) for
one to two days and then live bacteria were counted by a
colony count method.

{(iv) Also, as a control experiment, 2 ml of each of the
aforementioned test bacterial liquids was placed in a
steam-sterilized vial with a SILICOSEN, folliowed by
rotary shaking at 30°C (140 rpm). After 10 minutes, 100
Ll of the test bacterial liquid in the vial was sampled,
and live bacteria were counted by a colony count method
in a similar manner to the above.

Table 2 shows the results thus obtained. Also, the
number of live bacteria in each of the test bacterial
liquids without performing 10-minute rotary shaking
treatment was counted by a colony count method, and the
resulting bacterial count was shown in Table 2 as the
live bacterial count at the initiation of the treatment.
The live bacterial count in Table 2 represents the value
per ml of the treatment liquid, and indicates an average
value of the live bacterial count obtained after
performing each treatment experiment twice.

[Table 2]



1. 6 X105 ( p H8. 7) Present 1. 6 x 105 ( p H5. 7) O ( p H8. 2)

| ndustrial Applicability The sterilization nmethod of the present
I nvention does not require electric power, heat energy, or the |ike.
Therefore, it is useful for preparation of drinking water or cleaning
water in the area where there is a shortage in the electric power and
fossil fuel supply

Live bacterial count (cfu/ml)
Test bacteri Solid acid
e bacien WA T AL initiation After 10-minute
of treatment treatment
T &
Pseudomonas putida Absent 1.1X10 4.4X10
NERC14164 =
Present 1.1x10° 0
-] ]
Staphylococcus aureus Absent 7.3X%10 7.5X10
NBRC12732
Present 7.3% 108 0
_ Absent 3.8X10° 2.4x10*
Bacillus atrophaeus
NBRC13721 .
Present 3.8x10° 0
(Example 4)

In this Example, using E. coli, the sterilization
effect of the carbonaceous sclid acid D was examined
under the following conditions.

(1) Preparation of the carbonaceous solid acid D

The carbonaceocus solid acid D was prepared in a
similar manner to Example 3.

{2) The sterilization effect of the carbonaceous solid
acid D on E. coli

{i} The same E. coli as those used in Example 1 were used.
(ii) As the medium for bacterial count measurement, a
tryptosoya agar medium (manufactured by NISSUI
PHARMACEUTICAL CO., LTD.) was used.

(iii) The measurement operation is as follows: 0.5 g of
the powdery carbonaceous solid acid D was weighed out and
placed in a steam-sterilized vial with a SILICOSEN. Then,
10 mi of the aforementioned E. coli liquid was added into
the vial, followed by rotary shaking at 25°C {140 rpm).
After three hours, 100 ul of the liguid thus treated in

the vial was sampled, which was then immediately serially



- 31 - Cains [Caiml] A method for sterilizing a gas or

| i quid, conprising contacting a mcroorganismin a gas or liquid with
a material containing an anorphous cgrggn_havi ng a sulfo group
i ntroduced therein. [Caim2] The et hod for sterilizing a gas
or liquid according to Claiml, wherein the gas or liquid is passed
through a colum filled with the material containing an anorphous

car bon havidid vEesul f1® grodd racddddéddtirar eWa th] etgirmidped watehe

nmet hod for sterilizing a gas or liquid according to Claim1l, wherein

the gas or Jubgsens lpassed Whrsugrc 144 herioqupportiPadiemigler i al

her oi n. [ QAR e e oA Tk | A o R b

acoording Lo Bl MG S A0S IR ! o) S0 Qg an gugrphous

condensati %é%g%f%“dgfgﬂéégkfgafYy cultured at 30°C for one day and
then live bacteria were counted by a colony count method.
(iv) Also, as a control experiment, 10 ml of the
aforementioned E. coli liquid was placed in a steam-
sterilized vial with a SILICOSEN, followed by rotary
shaking at 25°C (140 rpm). After three hours, 100 pl of
the E. coli iliquid in the wvizl was sampled, and live
bacteria were counted by a colony count method in a
similar manner to the above.

Table 3 shows the results thus obtained. Also, the
number of live bacteria in the test bacterial ligquid
without performing 3-hour rotary shaking treatment was
counted by a ceclony count method, and the resulting
bacterial count was shown in Table 3 as the live
bacterial count at the initiation of the treatment. The
live bacterial count in Table 3 represents the value per
ml of the treatment liquid, and indicates an average
value of the live bacterial count obtained after
performing each treatment experiment twice. Also, pH of

each liquid is shown in parentheses.

[Table 3]



i nconpl etely carboni zed organi ¢c conpound through heat treatnment with
sul fur trioxide or a sulfonating agent containing sulfur trioxide.
[Caim5] - 32 - The met hod for erilizing a gas or liquid
according to Claim1l, wherein the matefral containing an anor phous
carbon having a sulfo group introduced therein is obtained by
condensati on and sul fonation of at |east one selected fromthe group
of polycyclic aromatic hydrocarbons having condensed 2 or nore and 7
or less aropmatic r ngsu@m&@ﬁghmhe@ﬁmﬁreatnent in a concentrated or
fum ng sul f Uebie add -e—f-Clai-m-61 TheHet hod for sterilizing a gas
or liquid agcording V@ it @ﬁ;ﬁgfﬁ the material containing an
anor phous carbonmthaving =a bUI fro—group introduced therein is obtained
by i ntroduc|n Jlfbf@?Hﬁp iin dn6v§ani ¢ conpound t hrough heat
treatment i 5”% ce uric acid, and the nmateri al
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It |east a diffraction peak
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of a carbon wi dt h (20)
powder X-ray diffraction is detected, and (3) it exhibits proton
conduct i vi tthdus@rdiah ZpplicabAldalwm for sterilization, wherein the
colum is filled with a material containing an anorphous carbon
havi ng a sul fo Gheuptemtididodatednt metbopd. of the present invention

does not require electric power, heatl energy, or the like.

Therefore, it is useful for preparation of drinking water
or cleaning water in the area where there is a shortage

in the electric power and fossil fuel supply.



- 33 - [Caim8] Afilter for sterilization, wherein the filter
supports a material containing an anorphous carbon having a sulfo
group introduced therein. [Caim9] A gask conprising an
ai r- perneabl e nenber, wherein the air-pérneabl e nmenber supports a
mat eri al contai ning an anor phous carbon having a sulfo group

i ntroduced t herein.
Claims

[Claim 1]

A method for sterilizing a gas or liquid, comprising
contacting a microorganism in a gas or liguid with a
material containing an amorphous carbon having a sulfo
group introduced therein.

[Claim 2]

The method for sterilizing a gas or liquid according
to Claim 1, wherein the gas or liquid is passed through a
column filled with the material containing an amorphous
carben having a sulfo group introduced therein.

[Claim 3]

The method for sterilizing a gas or liguid acceording
to Claim 1, wherein the gas or liquid is passed through a
filter supporting the material containing an amorphous
carbon having a sulfo group introduced therein.

[Claim 4]

The method for sterilizing a gas or liquid according
to Claim 1, wherein the material containing an amorphous
carbon having a sulfo group intrecduced therein is
obtained by condensation and sulfonation of an
incompletely carbonized organic compound through heat
treatment with sulfur trioxide or a sulfonating agent
containing sulfur trioxide.

[Claim 5]



- 32 -

The method for sterilizing a gas or liguid according
to Claim 1, wherein the material containing an amorphous
carbon having a sulfo group introduced therein is
obtained by condensation and sulfonation cof at least one
selected from the group of polycyclic aromatic
hydrocarbons having condensed 2 or more and 7 or less
aromatic rings through heat treatment in a concentrated
or fuming sulfuric acid.

[Claim 6]

The method for sterilizing a gas or liquid according
to Claim 1, wherein the material containing an amorphous
carbon having a sulfo group introduced therein is
ocbtained by introducing a sulfo group in an organic
compound through heat treatment in a concentrated or
fuming sulfuric acid, and the material has the following
properties; (1) chemical shifts of a condensed 6-membered
aromatic carbon ring and a condensed 6-membered aromatic
carbon ring having a sulfo group bound thereto are
detected in a '°C nuclear magnetic resonance spectrum,

{2} at least a diffraction peak of a carbon (002) plane
whose half-value width (20) is 5 to 30° in powder X-ray
diffraction is detected, and (3) it exhibits proton
conductivity.

[Claim 7]

A column for sterilization, wherein the column is
fiiled with a material containing an amcrphous carbon

having a sulfo group introduced therein.



[Claim 8]

A filter for sterilization, wherein the filter
supports a material containing an amorphous carbon having
a sulfo group introduced therein.

[Claim 9]

A mask comprising an air-permeable member, wherein
the air-permeable member supports a material contalining

an amorphous carbon having a sulfo group introduced

therein.



