DESCRIPTION TITLE OF THE INVENTION: CHLORINE DIOXIDE GENERATOR 5TECHNICAL
FIELD [0001]The present invention relates to a chlorine dioxide generator (hereinafter, referred to
simply as "generator") configured to generate chlorine dioxide gas through a reaction between a
chlorite and an acidic substance. 10 BACKGROUND ART [0002]Conventionally, there are known
instruments or devices for generating chlorine dioxide gas through reaction between a solution of
chlorite and an acidic substance (see Patent Document 1). 15 PRIOR ART DOCUMENT PATENT
DOCUMENT [0003] Patent Document 1: JapESSBRIPEI@NRIined Patent Application Publication No.
2007-145654 20 SUMMARY OF THE INVENTION OBJECT TO BE ACHIEVED BY INVENTION
[0004] However, the conventional chlorine dioxide generators were not designed for portability. Many
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devices. Further, even when 25 the device is formed compact for providing portability (mobility), the
devige woujdgufarrsuch pigpiam as possibility of liquid dripping or spill from inside the device.
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sealing ca ne g?ob@é”ﬁ?%‘?fndl%‘é@éﬁ%s%%%@intaisﬁ‘hé;r}@]iﬂ@%? cHIFRéedis/iMe gy 30[00051
Further, in dasefunfigatiosf af e doonsjindhonsfgeaonothndy spaiiewvitd ¢hlganerdiexiddgasds desired,
itis ”ecesstﬁ%fﬁ&%%rﬁi?g‘%@ﬁ%(‘?e@@&ﬂﬁ’?19&%%%3 celiAR-Righ conaealRon ngease of the

concentration of chlorine dioxide gas to be generated can be easily achieved via increase of the

concentration of the acidic substance. However, such high concentration of
10 BACKGROUND ART

[0002] Conventionally, there are known instruments or devices for
generating chlorine dioxide gas through reaction between a solution of chlorite

and an acidic substance {see Patent Document 1).

15 PRIOR ART DOCUMENT
PATENT DOCUMENT
[0003] Patent Document 1: Japanese Unexamined Patent Application
Publication No. 2007-145654

20 SUMMARY OF THE INVENTION
OBJECT TO BE ACHIEVED BY INVENTION
[0004] However, the conventional chlorine dioxide generators were not
designed for portability. Many of these are designed to be placed on a desk or
a floor surface or they are large and complicated devices. TFurther, even when

25 the device is formed compact for providing portability (mobility), the device
would suffer such problem as possibility of iquid dripping or spill from inside
the device. Although liquid dripping or spill can be prevented by ensuring
sealing of the container, ensuring of sealing causes a new problem of increased
resistance in discharging of chlorine dioxide gas.

30 [0005] TFurther, in case fumigation of a room, indoor space or other space with
chlorine dioxide gas is desired, it is necessary to generate chlorine dioxide gas
at a certain high concentration. Increase of the concentration of chlorine
dioxide gas to be generated can be easily achieved via increase of the
concentration of the acidic substance. However, such high concentration of

35 acidic substance, e.g. high concentration of sulfuric acid, which is an extremely

hazardous substance, requires caution in its handing. On the other hand, if



35acidic substance, e.g. high concentration of sulfuric acid, which is an extremely hazardous
substance, requires caution in its handing. On the other hand, if the concentration of the acidic
substance is lowered in order to avoid danger, this results in reduction in the generation efficiency of
chlorine dioxide gas, thus causing a problem of making satisfactory fumigation treatment impossible.
[0006] The present invention has been made in view of the above-described state of the art. The
object of the present invention is to provide a chlorine dioxide generator that can be formed compact
and allowstdafecacinga(transpateof ddourad dhchieinédiarids gasghnetatiirdaghaffective

prevention afiiciidlipring araibant (bat alsa allouts,comsating 1P Uiansitery generation,of alarge

amount of ¢ Hlorlne dioxide gas evg with {gdow concentration of acidic substance an ieves
reduction ifAHS fRAHEHEN ftethdit Perit (MAHMED SIS PRUMARI SR o liRjt Bss by the
human to thejnsisidlef the fumigated room immediately after air ventilation thereof. 15 MEANS FOR
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containing Alatment period {(waiting period for a human), thus allowing access by the
human to the inside of the fumigated room immediately after air ventilation
thereof.
15
MEANS ¥FOR ACHIEVING THE OBJECT
[0007] TFor achieving the above-noted object, according to the present
invention, there is provided a chlorine dioxide generator configured to
generate chlorine dioxide gas through a reaction between a chlorite and an
20 acidic substance, the generator comprising:
a container body which is deformable in response to application of a
force thereto from the outside:
wherein the container body includes a gas discharge port formed of a
gas-permeable, water-impermeable or gas-permeable, water-permeation
25 retardant member, the container body except for the gas discharge port being
sealed, thus having a water-impermeable construction;
the container body contains therein a solid acidic composition and an
aqueous chlorite solution under a non-contact condition from each other;
the solid acidic composition comprises a porous material containing an
30 acidic substance that exhibits acidity when dissolved in water;
the aqueous chlorite solution is sealed within an easily breakable
enclosure; and
when the container body is deformed, the enclosure contained therein
is broken to bring the aqueous chlorite solution into contact with the solid
35 acidic composition, whereby chlorine dioxide gas is generated and this chlorine
dioxide gas 1s discharged via the gas discharge port to the outside of the



30acidic substance that exhibits acidity when dissolved in water; the aqueous chlorite solution is
sealed within an easily breakable enclosure; and when the container body is deformed, the
enclosure contained therein is broken to bring the agueous chlorite solution into contact with the solid
35acidic composition, whereby chlorine dioxide gas is generated and this chlorine dioxide gas is
discharged via the gas discharge port to the outside of the container body. [0008] With the
above-described arrangement, in the container body, its gas discharge port is formed of a
gas-permeahieawatekirdpermeable or gas-permeable, water-permeation retardant member, the

container liggggrcansirifie gas.dishargsaromhaing.araled ihusavinganasinemeable
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the outside of the container body.

20 [0010] In association with this discharge of chlorine dioxide gas through the
gas discharge port, there occurs increase in the concentration of chlorine
dioxide gas inside the fumigation room, so that a chlorine dioxide treatment
(sterilizing treatment of germs, fungi, virus inactivation treatment,
extermination treatment of harmful insects, etc.) to an object to be treated can

25 be carried out for a predetermined time period inside the fumigation room.
As will be explained in an embodiment to be described later, the generation of
chlorine dioxide gas in this takes place in a large amount and at one setting
and in a transitory manner. That is, after a large amount of chlorine dioxide
gas is generated in a short period and then the amount of chlorine dioxide gas

30 generated becomes smaller after a while. Therefore, it is possible to reduce
the fumigation treatment period (waiting period for a human) of the space
inside the fumigation room, so that a human can enter the fumigation room
immediately after its air ventilation.

[0011] The probable reason why a large amount of chlorine dioxide gas is

35 generated at one setting and transitorily by the inventive chlorine dioxide

generator i1s as follows. As the acidic substance is contained in the solid



porous material, it is possible to reduce the amount of free water in the reaction system. Namely, it is
possible to cause the acid substance to react at a higher concentration than the apparent
concentration of this acidic substance in the solid acidic composition. Therefore, the contact area 5
(reaction opportunity) between the chlorite and the acidic substance is increased so that the reaction
rate becomes higher, whereby the reaction occurs at one short time altogether, whereby the chlorine
dioxide gas is generated drastically in a short period of time altogether (at one setting and in a
transitory npannes). MafRe1A] Accordingibla secendchandcicrzing feabsrerabingahlorinewiexide
generator aLihe;giesentdayentonniners RiBVidel ashiie doxda agnialoLopniguied o
generate chlorine dioxide gas through ‘a reacCtion between a c 1iorlte and an acidic subst%nce, the
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aqueous solution of acidic substance is sealed within an easily breakable enclosure; and when the
container Bb&ARBEGYRA HH& enclosure contained therein is broken to bring the aqueous acidic
subKtance K¥li&dn idteootitetiwith teecsolidbhioritetonmep itidmrwhdreby chlornedibxidd gas is

generated gugdhisA0cHonine dinxigetgasiatinsharged yia the gasdischargriperto the:Qutside of
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retardant nieitbesnthecbéptinendony 3sdicepiiathesgtbsalisuharg@pontieingsealed, thus having a
a container body which is deformable in response to application of a
15 force thereto from the outside;
wherein the container body includes a gas discharge port formed of a
gas-permeable, water-impermeable or gas-permeable, water-permeation
retardant member, the container body except for the gas discharge port being
sealed, thus having a water-impermeable construction;

20 the container body contains therein a solid chlorite composition and an
aqueous solution of an acidic substance under a non-contact condition from
each other:

the solid chlorite composition compriges a porous material impregnated
with an aqueous solution of chlorite;

25 the agueous solution of acidic substance is sealed within an easily
breakable enclosure; and

when the container body is deformed, the enclosure contained therein
1s broken to bring the aqueous acidic substance solution into contact with the
solid chlorite composition, whereby chlorine dioxide gas is generated and this

30 chlorine dioxide gas is discharged via the gas discharge port to the outside of
the container body.

[0013] With the above-described arrangement, in the container body, its gas
discharge port is formed of a gas-permeable, water-impermeable or
gas-permeable, water-permeation retardant member, the container body

35 except for the gas discharge port being sealed, thus having a

water-impermeable construction. Therefore, this is hardly any concern about



water-impermeable construction. Therefore, this is hardly any concern about liquid dripping or spill.
[0014]Further, when an external force is applied to the container body containing therein a solid
chlorite composition and an aqueous acidic substance solution under a non-contact condition from
each other, the 5 enclosure contained therein can be readily broken. With this, the aqueous acidic
substance solution flows out of the enclosure to the inside of the container body. As a porous material
impregnated with an aqueous solution of chlorite is stored inside the container body, the flown-out
aqueous atiqicdubstariee selutidh. comes into contact with this porous material, thus 10 contacting
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acidic sub is {ncreased so that. %e eaction rate becomes higher, whereby,the 35reaction occurs
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(sterilizing treatment of germs, fungi, virus inactivation treatment,
extermination treatment of harmful insects, etc.) to an object to be treated can
20 be carried out for a predetermined time period inside the fumigation room.
As will be explained in an embodiment to be described later, the generation of
chlorine dioxide gas in this takes place in a large amount and at one setting
and in a transitory manner. That is, after a large amount of chlorine dioxide
gas is generated in a short period and then the amount of chlorine dioxide gas
25 generated becomes smaller after a while. Therefore, it is possible to reduce
the fumigation treatment period (waiting period for a human) of the space
inside the fumigation room, so that a human can enter the fumigation room
immediately after its air ventilation.
[0016] The probable reason why a large amount of chlorine dioxide gas is
30 generated at one setting and transitorily by the inventive chlorine dioxide
generator is as follows. As chlorite is contained in the porous material, it is
possible to reduce the amount of free water in the reaction system. Therefore,
the contact area (reaction opportunity) between the chlorite and the acidic
substance is increased so that the reaction rate becomes higher, whereby the
35 reaction occurs at one short time altogether, whereby the chlorine dioxide gas

is generated drastically in a short period of time altogether {(at one setting and



dioxide generator, the container body is provided in the form of a flexible tube that can be flexed into
an arcuate shape in response to application of the 5external force. [0018] With the above-described
arrangement, the container body can be configured as a container body which is in the form of a tube
(stick) having a bottomed (i.e. having a bottom) cylindrical shape having an open top. Hence, the
chlorine dioxide generator can be formed compact, so that it becomes 10possible to carry (transport) a
chlorine dioxide generation source. Further, if the tubular container body storing therein e.g. a solid
acidic compositioarasithan aguens. chlorite solution under a non-contact condition from each other is

broken wit iIRY a Crimpit | Qr ' ex toqthis.c i to bend it into
an aroLate D e s L U E L AL pan,
the easily TSP BRIl BfoFel HREIEIRERY b DrexEtedery Baifpripoior Aesdhlingthea fourth
characterizihgtfeaturéoffibe«hl arite aioxidergénerhtgreoitheqiesent inventiphc saishaotlihsubstance
comprises sylfiric pgid.and said chlorite comprises sodium chlorite or potassium chlorite. 20 [0020]

With the a -desgribed arrangement, sulfuric acid as an example of the acidic substance has good
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after it is causéigtodk camiedihp therpbodyswhatérial iR eheefdradigood waldhick) readingss. Further,
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arrangement, if thepegagentiation ef e B0 asiicRUbSIARCE EXRE 8320 8, hisowill fesult in
increase in the visctosity of the solution, whiﬁ? results i%.turn, in greater dnfﬂcul% f dispersion. As a
result, there Wit GECUT SRt R GUEHE 1 the SeE et Enk DrEpar&E HEA VAN EYEb usly.
Further, if temorrentretioniafahiositevfalls belbe 0 criwimis gHieahay caeseplisoblerkthanshortage of
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acid and said chlorite comprises sodium chlorite or potassium chlorite.

20 [0020] With the above-described arrangement, sulfuric acid as an example of
the acidic substance has good storage stability and will not generate corrosive
gas and show no change in its concentration even after it is caused to be
carried by the porous material. Hence, it had good handling readiness.
Further, sodium chlorite or potassium chlorite as an example of the chlorite is

25 easily available, so the present invention can be embodied easily.

[0021] According to a fifth characterizing feature of the chlorine dioxide
generator of the present invention, said acidic substance has a concentration of
30 wt.% or less and said chlorite has a concentration from 0.1 to 30 wt.%.

[0022] With the above-described arrangement, if the concentration of the

30 acidic substance exceeds 30 wt.%, this will result in increase in the viscosity of
the solution, which results, in turn, in greater difficulty of dispersion. As a
result, there will occur significant irregularity in the acidic substance prepared,
disadvantageously. Further, if the concentration of chlorite falls below 0.1
wt.%, this may cause a problem that shortage of chlorite occurs in the

35 generation of chlorine dioxide gas. On the other hand, if the concentration

exceeds 30 wt.%, there may occur a problem of saturation and subsequent



than to the enclosure as provided in the above arrangement, chlorine dioxide gas generated inside the
container body can be discharged immediately via the 10 gas discharge port to the outside of the
container body. Hence, it becomes even easier to discharge a large amount of chlorine dioxide gas at
one time (at one setting and in a transitory manner). [0025] According to a seventh characterizing
feature of the chlorine dioxide generator of the present invention, the generator further comprises an
15 insulating member for insulating the porous material and the enclosure from each other, the
insulating rgmsbdr davisg atlesSthheiele ditiosfand beingetispdstd insuch arntasyadriasto be

capable of%veﬁfﬂa%%p@cg&%}gﬂo@%@o H}&%ﬂ@tg{@i@g"%&fhﬁ %Q%?b%%ﬁéQOﬁh@tV\éﬁe the

above-described arrangément, since an insu atlng member | disposed between the porous

material arffPRERHABSHrEFBEDIE0BNnG Msia¥Enfent of the porous material toward the enclosure,
the porous[GR@8iial Aodbtdénenctosureictn bhsepacatethfrofosgach athehin alvieliahte diaoider.
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disposed closer to the gas dlschargﬁ port 25 than to the enclosure toward this enclosure, it becomes

possible to'@fo¥F e FERREEH RS hERRRIM G NI Yikide gas to take place on the side close to the
gas dischat@@Zdrt i shreliticleoransen Mithahis, di becemedment easiergasdisstiangesararge amount

of chlorine digxidg gas aheng diree@heneiasling and é%%aéﬁm{géﬁ?&{@@hﬁﬁ[ﬂ%am?&@rding to

an eighth characterizing feature of the chlarine dioxide generator of the present.invention, the
contaner (U ARG A SO oS LA PERH s LB AL PR TSV er.
[0028] Witlg#se tiboverdesesitfeiattangarimde tfetien gerdirimme et of thermsulathegeneraber inside
the containgrhpdysan feasstin Ateiabisnannany 3R PeRitiging means: With this, ie.9. the
positioningogg%ggtis used, for setting the movable range of the insulating member in such a manner as

to prevent moveren 3&%%%%%@5 rsﬁg%ﬁéjflﬁ)%laerr 'the enclosure inside the container body, it

becomes pé¥ible tdetiowitg thlarie eidkidd gerdemon g feaioreoabkbplddenardisiddeclose to
the gas disghasgetpertefVithdhisrdkbgeomeseien, eanier je diseharadaridige ameprtat chigrine
diO)J%je ga%r?s:[u 2%3&”&%%%8? osfe}gg%ﬂ@gng] &grapr(l)%i(t)%@/ﬁlng enr?Ql' and the enclosure from
each othey, the insulating member having at least one hole portion and being
disposed in such a manner as to be capable of preventing displacement of the
porous material toward the enclosure.
[0026] With the above-described arrangement, since an insulating member is

20 disposed between the porous material and the enclosure for preventing
displacement of the porous material toward the enclosure, the porous material
and the enclosure can be separated from each other in a reliable manner.

Further, since the insulating member is capable of preventing
displacement of the porous material disposed closer to the gas discharge port

25 than to the enclosure toward this enclosure, it becomes possible to allow the
reaction for generating chlorine dioxide gas to take place on the side close to
the gas discharge port in a reliable manner. With this, it becomes even easier
to discharge a large amount of chlorine dioxide gas at one time (at one setting
and in a transitory manner).

30 [0027] According to an eighth characterizing feature of the chlorine dioxide
generator of the present invention, the container body includes a positioning
means for setting movable range of the insulating member.

[0028] With the above-described arrangement, the range of movement of the
mmsulating member inside the container body can be set in a reliable manner by

35 the positioning means. With this, if e.g. the positioning means is used for

setting the movable range of the insulating member in such a manner as to



[00291 According to a characterizing feature of a method of producing chlorine dioxide relating to the
present invention, the method comprises: a gas generating step for generating chlorine dioxide
gas by deforming the container body of the chlorine dioxide generator according to any one of the
10first through eighth characterizing features; and a submerging step for submerging in water at
least the gas discharge port of the container body under the above condition of chlorine dioxide gas
generation so as to dissolve the chlorine dioxide gas discharged via the gas discharge port in the
water. 15[Ga36Withiibecabave ofvith atibzing: thenaventVe ehlarihet Hioxidel gasrgeherator itapable of
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a submerging step for submerging in water at least the gas discharge
port of the container body under the above condition of chlorine dioxide gas
generation so as to dissolve the chlorine dioxide gas discharged via the gas
discharge port in the water.

15 [0080] With the above, with utilizing the inventive chlorine dioxide gas
generator capable of readily generating chlorine dioxide gas, simply by
gubmerging at least the gas discharge port of the chlorine dioxide gas
generator having generated chlorine dioxide gas in water stored in e.g. a water
tank, an aqueous solution of chlorine dioxide can be produced easily.

20
BRIEF DESCRIPTON OF THE DRAWINGS
{0081] [Fig. 1] is a section view of a generator illustrating one embodiment
of the present invention,

[Fig. 2] is a graph showing results of chlorine dioxide gas generation

25 test of inventive Example 2,

[Fig. 3] is a graph showing results of chlorine dioxide gas generation
test of inventive Example 3,

[Fig. 4] is a graph showing results of stability test of a sulfuric acid
formulation of inventive Example 4,

30 [Fig. 5] is a section view of a generator illustrating a further
embodiment of the present invention,

[Fig. 6] is a graph showing the result of investigation of difference in
the generation amount depending on the charging position of a sulfuric acid
formulation (silica gel),

35 [Fig. 7] is a graph showing the result of investigation of difference in

the generation amount between a case where an acidic substance was carried



by a porous material (silica gel) and a case where the-acidic substance was prepared in the form of an
agueous solution (using the chlorine dioxide generator), and [Fig. 8] is a graph showing results
of determination of concentrations of 5aqueous chlorine dioxide solutions prepared. MODES OF
EMBODYING THE INVENTION [0032] Next, there will be explained an embodiment of the present
invention with reference to the accompanying drawings. 10A chlorine dioxide generator according to
the present invention is configured to generate an amount of chlorine dioxide gas through a reaction
occurring dstwe s akloniteana doisckigaibsianeecds: skdwreirt kdgadidivissahlerinediaxgde

generator 10.i - taiper.body i n r - IN,respo phcatian of an
external folrac?eé ?%gggﬁlﬁgﬁa%@erﬁg%ﬁg u%j%e?}sg g(g&slgglgslc aer)g}g p%isrl?ol%l?(‘?rrﬁg g%@a

gas-permeBBRE Rk rmeable sheet and is configured as a water-impermeable construction
sealed except for théigoRion ofits pfas wischrr ge pdis bf.6033H Indheinsfantembwditent pfhere will

be explaingd gchioring.diexide gene il itheqnfigiradhsuch that the container body 12 stores therein

a solid 20acidic composition 18 and an aqueous chlorite solution 19 under a non-contact condition
from each other. [0034] The solid acidic composition 18 comprises a porous material which contains

an acidic si¥btaide GHAFEVHEHD VENKE TARB I MIYIENEIGNvater. Further, the aqueous chlorite
solution 19frpgedledinsidernr.easiy breakghle2aenclosine & JAP3PLNIth the chioring digxide

generator 1Ot<ﬁ)nfi99ured as apk(l)ve in (%Beration, when the container body 12 is deformed, the enclosure
20 stored thereinis E%}kcé}n_?or (?(_)?I%‘Tr?seg)a}%{llfgt 'rsatg\%}%&spf the enclosure 20, the agueous chlorite
solifion 19 comes ihtehdontaet Witkrithe seitbrridic BBosHmOsitiobhs prerrebyianertionntof chlorine

dioxide gagdsfignesatad apvd dhig@enecratasaasis disshiawedodaithe gasidisabarge Rerdiidhto the
outside of E)r(]:%L?Qlagé%ét%ede\{llazél@gg% g%%’qg%{nggigﬁdégbstance. As shown in Fig. 1, this
chlorine dioxide generator 10 includes a container body 12 which can be
deformed in response to application of an external force thereto. This
15 container body 12 mcludes a gas discharge port 14 formed of a gas-permeable,
water-impermeable sheet and is configured as a waterimpermeable
construction sealed except for the portion of its gas discharge port 14.
[0083] In the instant embodiment, there will be explained a chlorine dioxide
generator 10 configured such that the container body 12 stores therein a solid
20 acidic composition 18 and an aqueous chlorite solution 19 under a non-contact
condition from each other.
[0084] The solid acidic composition 18 comprises a porous material which -
contains an acidic substance that exhibits acidity when dissolved in water.
Further, the agueous chlorite solution 19 is sealed inside an easily breakable
25 enclosure 20.
[0035] With the chlorine dioxide generator 10 configured as above in
operation, when the container body 12 is deformed, the enclosure 20 stored
therein is broken (or collapsed). With this break of the enclosure 20, the
aqueous chlorite solution 19 comes into contact with the solid acidic
30 composition 18, whereby an amount of chlorine dioxide gas is generated and
this generated gas is discharged via the gas discharge port 14 to the outside of
the container body 12.

[0036] (Container Body)
35 The container body 12 used in the inventive generator can be of any

particular configuration as long as it is deformable in response to application



35The container body 12 used in the inventive generator can be of any particular configuration as long
as it is deformable in response to application of an external force thereto and has a space capable of
storing the solid acidic composition 18 and a space for storing the enclosure 20. As an example of
material for realizing such configuration, flexible materials can be cited. Here, the term "flexible" refers
to the property of being readily deformed and 5 bent into e.g. an arcuate form in response to
application of an external force thereto and resuming its original shape upon release of the external
force applicétioncAs:snnaiefman-ihdting exainpiesokresia ragiebirlshatintiexiiliyligolyeitylene,
polypropyl ilic , efC. ited. -limiti es gf the s the container
by 12, 1 e e AR an irk@égé‘%%%%._ e ol M chape.

a box-like ShapEiatciPorpRlizies, ehssanEadmaing: dhihs isahpidaisd sia bageiied container,

the enclostifei20 il herstoréld-inhdelvasiee withirhthisrbagriikeof drdainerdaadiy 12e fAnschadhandan

extegnal fofge,is applied therelp.heagsikeconainerbesy, Lo millbsPressed.and-feogped 15t0
such a degree that the enclosure 2Q therein is r%égg open the In the instant embodiment,

reby.
the containd¥BEHY 15 Will5E BB pitict 42 Ko %Pa&w?ﬁ%%ﬁ&n%faﬁh?g F5ARga Bettsm) tubular
shape havimgptheadasdischargsoport Iinlinaforg ekamghesing foewed atataedd didkengontainer

body 12 arﬂieﬁila@ffsg\p@g;@m%ﬁ@,m fliBe gihernend20Wererf apdihen sealed altogether.
[0037](Gas-permeable

,water-impermeable orgas-per ble, water-permeation, retardant Member)
As an example of %3 63@5&%%%?%&8%%?&%82&%%&?18&“5@5@9%%&#@@&51aischarge
portOthere thayebesamployétbd mdistlare -peamedbtstwate-lekistantshk et fokgasepetmpable,
water-impesmeaile shegh, thaiallows pragagerf gas alktagisiune Bubders agkaliow prRsgage of
liquid there{@rough. As&hl mmstuge;gﬁrﬂweablet, water-r%sstan sheet,b%t S‘f?ﬁfﬁlﬁble 0 employ a
micro-porous ﬁFme(%ﬂﬁ‘ml_ ?o?rn%eda _ 4 tia 8%}@?(11%?%“%9% 8?90 ¢t (ljo ictS p? pé s]rﬁgly or to
employ a midtetia¢doriddrot hialtipks idrers_tpagiobedsahd. affived. ty bashotivetere ldonsioy a
Cr?ated typ@srapgﬁ&l@afﬂ;&@@@&ﬁ%ﬁﬂgﬂﬁ&;@ﬁeﬁﬁwaﬂf@qiﬁwﬂﬂm ﬁ!@?@@fﬁﬂ?&%ﬁ%ﬁm ?jpplied
thereto. As some specific examples of such matgrial currently,on the market, there can be cite
35aare- TR O e T RO e L AT B LBy Mitsubishi

Resin Inc.: a mateA#l tarnpridaa bbethnbimenh Biamrioperdusdpoldorin himezampdifout

non-wovenatabries o7ithe kR tENER AN ki e giataies Arademalkipanafagtardiby Tiosan éndustries,
). X IS A OAIN e Naler FIRSITIEC ISR bk BRI SH "Bk i gmoer have
heat-sealing property (thermal welding propert% or )

contamer body 12 and a bottom plate portion 16 formed at the other end

20 thereof and then sealed altogether.

[0037] (Gas-permeable, water-impermeable or gas-permeable,
water-permeation retardant Member)

As an example of the gas-permeable, water-impermeable member

25 provided at the gas discharge port, there may be employed a

moisture-permeable, water-resistant sheet (or gas-permeable,

water-impermeable sheet) that allows passage of gas, air, moisture, but does

not allow passage of liquid therethrough. As this moisture-permeable,

water-resistant sheet, it is possible to employ a micro-porous film (a film

30 formed of a material defining a great number of micro pores) singly or to

employ a material formed of multiple layers superposed and affixed to each

other or to employ a coated type material formed of a high-density textile

fabric with strong water-repellant coating applied thereto. As some specific

examples of such material currently on the market, there can be cited

35 Gore-Tex (registered trademark), EXEPOL (registered trademark:

manufactured by Mitsubishi Resin Inc.: a material comprised of combination
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5facilitating its attachment to the container body. Further, the water-permeation retardant member
having gas-permeability can be e.g. a sheet that allows permeation of gas, air, moisture, but hardly
allows permeation of any liquid therethrough. As this water-permeation retardant member, it is
possible to employ e.g. a known 10 non-woven fabric. In particular, when a hydrophobic non-woven
fabric is employed, as this has the property of repelling water, the fabric can be expected to achieve
substantially equal performance as that of water-impermeable member. 15[00381 (Enclosure) The
enclosure 20 emglayegdnothe ndtantgmifddinert saaicontaioarwapahlé0f-sealing the Hlteeous
chlorite solyt i ' 'easi . means a,property
of breakabﬁe%%%%%l?p%%@%ﬁ%@%ﬁ%%’or %%%%é%gﬁd %ﬁ%ﬁ?&%@dg %i}%%e’n? %r) yielded)
with applicghon tHirtePA Yoree iR beirgigée s AT aS poPBEBrSKh br B4fiated during
transport ottstoreige duertdwibiadion bedight shogkpAspsenye €kampidsvofldas iy jrgakeblefenclosure,

therg can %&ﬁ@gtﬁ@% 2Anpgule.a Rlastic 9%35%%&%‘399 a relatively small thickness. In 25 case
a plastic containerf'f employed ?gs%the easily breakable contair}:er, weak portion may_be provided
e ﬁfé&‘

therein in advance Fnally" thal A FRK B it toreaid Bé forfed hEthis WaXRortion
when the comtaieenisdeht foropelded) arith apptieatiothet an léoternakfonest 30]008934(C harite) As

some non-fimiting,exasmeles.ffig chigtite dsmﬂ%ﬂom Hreapresentinvaniien, aalhmetal ghlprites and

alkaline earth metal chlorites can be cited. As ﬁome.non-limltln examples of alkali metal chlorites,

there can BEAREPSERERT Mo RESEIRESTARTER Gt IRNRATEE e, LRI fondimitmg?
35eamplenohatkaline dakthienetdhchioriies]anereloan e bitddadicbin coriteveraghdsivmchlorite,

barium chigtite1QEthesa imyiew of theraadipess,obrayvajiability, sesivm ¢hloritenand petagsium

chlorite are particular preferred. And, sodium chlqrite is most preferred. Regarding these alkaline
chlorites, o%epﬁﬁ%gﬁ i acg f gy %

eréeof may geemﬁ}byseg%lh% )yor V8 Rinad P ST HERTHEY b8 Used it coffibination.

The ratio oM ehibHEr IRahklaguessthlorite solution should preferably range from 0.1 wt.% to 30

wt.%. In the case of the ratio below 0.1 wt.%, this may cause a problem that shortage of chlorite

occurs in tl?s(%g??er ﬁ%rélof chlﬁrine dioxide gas. On the other hand, in the case of the ratio exceeding
wi u

30 Wi.%, this resuTt I Saturation of chlorite, tending to invite 10 its crystal deposition. Therefore, in

view of the safety dritPstasiyasd?Srepey of gantrgtisisbichlomhedixas ime, resvairererred

range is fremp2bwt. ¥f te:28 w2 {o040 L tbeidicHubiianse)ukbis the agidiesubstancedbalcan be
used in theo%?&e{ﬂ)t iGnvention, this is an inorganic acid or an organic acid or a salt thereof. As some
non-limiting examp}eé thereof, there can be cited inorganic acids such as hydrochloric acid, sulfuric

acid, nitric acid, phb$Rerf& adiet Borrasdi, hretdshdepHBaa atia, Bypesosshdieakiah suphamic
acidpand argdapesadiesby being cracked or broken easily when deformed or bent (or

~yielded) with application thereto of a force from the outside. But, this must

not be broken or damaged during transport or storage due to vibration or light

shock. As some examples of easily breakable enclosure, there can be cited a

glags ampoule, a plastic container haviﬁg a relatively small thickness. In

25 case a plastic container is employed as the easily breakable container, a weak
portion may be provided therein in advance intentionally, so that a crack or

split (break) may be formed at this weak portion when the container is bent (or

vielded) with application of an external force.

30 [0039] (Chlorite)
As some non-limiting examples of a chlorite employed in the present
mvention, alkali metal chlorites and alkaline earth metal chlorites can be cited.
As some non-himiting examples of alkali metal chlorites, there can be cited
sodium chlorite, potassium chlorite, lithium chlorite. As some non-limiting
35 example of alkaline earth metal chlorites, there can be cited calcium chlorite,

magnesium chlorite, barium chlorite. Of these, in view of the readiness of

11



20 such as formic acid, acetic acid, propionic acid and butyric acid, lactic acid, pyruvic acid; citric acid,
malic acid, tartaric acid, gluconic acid, glycolic acid, fumaric acid, malonic acid, maleic acid, oxalic
acid, succinie acid, acrylic acid, crotonic acid, oxalic acid, glutaric acid and their salts. And, as
examples of salts of inorganic acids, there can be cited salt of dihydrogen phosphate 25 (sodium or
potassium salt, the same applies hereinafter) and salt mixture of dihydrogen phosphate and hydrogen
phosphate, etc. Of the above, it is preferred to employ sulfuric acid for such reasons as good
storage stabititilabiliggnesdiwm afldorosivedaso e dcctiredrieeio deasyeharge pvefeaftal it is
caused to u : 0 r impr therein) Example.4, Fig. 4). The
concentrat%%%f%ﬁggsu l?cf?(l:?%%?(fj sﬁ)ﬁgé gei%lgc Eﬁ?gt its%?%sr? ehr%%étfaor% @v?ﬁqelﬁ%gﬁ%}lﬁg%si’n the solid
acidic comBBSitioRtARGELCATIBNVR oS BPIeEE doH e ALY G arigas &f Tham. 98y Resreditv of the
safety. As therdcidicisubstance, one kind thereof may be used singly or two or more kinds thereof may

be uged in combingign DRt Maerene o oI PORREDALETE B epsepin he

present inventjon, a porous matter oracalcmatedﬁ%cgg/reg te or the like can be em ed. But, the
%a

invention i$h drEHEFE 1 R SomEtndniambli srRecHrohe Kidterkalerelcan be 5
cited silica porbustpasticles; sepisktes nponblwrillahisé, diaiotnaeecoliscddothitdale;aeclitenetichOf these, it

i(i pr_eferlre%&el@fg@@u éﬁ@ﬁl@%f&é’%ﬂﬁﬂﬁé?éa%.s q@x%%gﬁ%qim%@j'ﬁ@'%n%?@\ﬁ aeg%g&sositt.\( |
aving large pore spaces readiness to contain the acidic sybstance or the.chlorite. No particular
limitations %§i’§te|d§8£§:gg“2t agp‘}sﬁgéﬁigv e of F]égeséﬁfé’é{aﬁ%téj ﬁg‘:‘f?&‘égi tf@&?%&l%éw&?ﬁlimiting
exaifiples oftherpateihatedasgyreygatehenefercaribevsitad ofushed Sklieés crrpbwstiebprgparad by

calcinationagfianiinal bopesdnelueing MAMHe S fshes i dshSopaiTelseg0ialeR35A7R Han-Imiing
examples of th é)o %S %;q,?ter, there can be cited sepiolite, montmorillonite, diatomaceous earth, talc,
SH04 2T DI

zeolite etc.”L eferably, the porous material is disposed closer to the gas discharge port 14
than to the enclosure 20. When the enclosure 12 is deformed to break (or collapse) the enclosure
20, e.g. thdgouroucrchilidtssedutiane) 9 flown out of the enclosure 20 comes into contact with the
porft)éjs material. In Aglsc,han am 1un§ 1% é:ttyoggetg xide 2boegfa1“§’ Jenera ed in association with the

i
conitact between the aditic Substance contained | ??1 fhe porous materia and ﬁ*?g%{;qﬁ%‘é%té%rite

solution 19:4Af H& discharysaNia e daer disehargerperetidootheoamids il corainsmbedy 12. In
case the peiausimaterialds disphsediclesef, talibecgaaslisehaigederol4dhan e the enelpsue 20 as in

the above(—jg ri rran ent;the chlorine 26 dioxide,gas,gengrated through the reactjon will be
%ﬁ%o Aanggm sulftg£18f ﬁ%@ J%:lc Cl&i 8}908]%%[01'10 %ﬁ%@h bor,

discharged immediately to the€ outsi container bo e gas argécpo% 4. Hence,

12'via
a large am&ﬁ?@@b@lﬁi’(‘}?ﬁ’?éfdﬁﬁ%@e@%’%ﬁﬁsﬁé‘éﬁ%W&F&eé‘i@%&ﬁ%@%ﬁi,o&@séw&hacﬁﬁl& transitory
‘magtier) easibh [RO431Theredsdnapatiiculadlimpitaiaomiegardingriiesite (furigationdsiie ), 3@ where the
inventive GEPRIZAAT ISP bR HREL.HOTNSIANESANE ORISR £ REAISE IR L L SIS 2UeR @S In @
commonplace or typical household {a_living roor, an entrance, &toilet, a EI?C en, et;’izncfcdn also be
used for inHRREICafeaidiofcaEEtoR)f Sitin?s thetfiedics e duch e il hasphat AHE il office, a
nursing honretaria publicplabe suth, agatsehoakid taith stationsa0tpublied5toilelyeiep Fegrdfer, not
only in a reé@iit}éelwai%ggﬂ?g %‘é‘f@s?stﬂeﬂ@d%{ be cited salt of dihydrogen phosphate
25 (sodium or potassium salt, the same applies hereinafter) and salt mixture of
dihydrogen phosphate and hydrogen phosphate, ete.
Of the above, it is preferred to employ sulfuric acid for such reasons as
good storage stability, no generation of corrosive gas, no occurrence of density
change even after it is caused to be supported on a porous material (or
30 impregnated therein) (see Example 4, Fig. 4). The concentration of the
sulfurie acid should be such that its final concentration when contained in the
solid acidic composition ranges at 30 wt. % or less, or preferably, ranges at 10
wt.% or less in view of the safety. As the acidic substance, one kind thereof
may be used singly or two or more kinds thereof may be used in combination.
35

[0041] (Porous Material)
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living space for human living, the inventive generator can be used in a small space such as a
refrigerator, a shoes box, an interior of vehicle (automobile, bus, train). In this way, the size of the
space to which the inventive generator is applicable is not particularly limited. However, a closed
space is preferred. [0044] The inventive chlorine dioxide generator 10 can be used in a water 5 tank
storing an amount of water to produce an agueous chlorine dioxide solution. The inventive method of
producing chlorine dioxide of the present invention comprises a gas generating step for generating
chlorine dioxide gaadyldeforming theteeithitebbodyeli2inf the ipventive ehlefitieioxigergaserator 10

and a subrielgiag SIeRfAMEINGIUAIN ahleas! R gandiSchalae, AR aert 1A ! R container

body 12 under the above condltlogg orine dioxide gas generation so as to dissolve the ¢

dioxide gadRireRiiBad Vot HEHSE dReFRifye port 14 in the water. With the above, with utilizing
the inventive chloride dimxidengasigeneratorstgalpablé dfceaditygemesating chihene diaxide gas,

simply by 1nsyamerging.aiieast theiges dischbarge pordd Qb ihmarlonng:dinxids gasgengrator 10
having gener ted%&lorlne dlsf;l de gas in water ?g s&tl;)red in a water tank, aqueous solution of chlorine
dioxide caﬁfb%’p% te§'%a ?.%@%]%H%ﬁﬁ% BegtdYs gya@iﬁ%ﬁh%%‘b‘fuﬁﬂﬁ% fefore, in
order to makieyaHyaeeadelthe frebabirtarrid theveauidnsysteny, Aporous kmegerisdr2packsas zeolite,
silica gel, efdsremplayad@ssailiet HitsdaactionThrenaly thes edugtion. of g WalRy i the

reaction syftrtlelrg, t becomes possifle to jncrease.the reaction rate between the acidic substance such

l
o R R L S S L R B R oo g
Acddérdingly, it becdraesmessibiclindtinseastilorinedidxibie galciobte s grreatedtbabstantively at

one settingh@tenel SattiseaNdlHkadrspSEeRIRNAMIeP-ra NHghGoPGeEIVE animAB Hesetbed
above, wh?n C ‘_I];%r.ine dioxide gfe\s iﬁ ener teas\g/ithe%ssiﬂgdhe inveptiv%chlorine dioxife %enerator 10,
e [*

the genera ion of chorine dioxide gas IS effetted at ohe se?ﬁn%ogﬁd in astrsa%%li?o%nﬁ{ Hifa large

amount. 36¥FFeretsref ithe perrabie Batuuddare kaniduici adarmeptprriodpiapingpeitod for
human) of thetspase-mnsdentht furigakenfeens. so that a human can enter the fumigation room

immediatel aipventilation. 0046k Alternative Embgadiment 11 35As shown in Eig. 5, the inventive
chlrgfglne di&%%%en%% %ﬁglb ym%%/efé’ﬁ é‘fl%énn%ﬁglea aﬁ’inésﬁgﬁ%é ?%%Sr% ZCP § Ffo%al?\sdd é‘ﬁ\% the porous

material aR@thétheidstrebo aartPERER dther, the insulating member 40 having at least one hole
portion 41 and beingldisptisedinsischa rmasntifasie bechpeble(of prlaniing Bisplateseat of the

' 4 | ' th lati ber 40,
fhore e excpB & Hta e M Rkl oA o 8 PR S0 Te o

diameter of¥fie §aBRAT CoHAIH BRI BALP B NInG at Pigr Ry PRSI bRr e fiswiler, the
- invention ignet dienited ik ratoa Sinca theninsidhtitigemeentaert 4:-isvdispoges hellieenithe pareus

material angh the eRAIGRUIR 2B e RIaXSRlPG AisRipeRmERL el (e RS DAHBRI WA NG

discharged via the gas discharge port 14 to the outside of the container body 12.

In case the porous material is disposed closer to the gas discharge port 14 than

to the enclosure 20 as in the above-described arrangement, the chlorine

25 dioxide gas generated through the reaction will be discharged immediately to

the outside of the container body 12 via the gas discharge port 14. Hence, a

large amount of chlorine dioxide gas can be discharged at one time (at one
setting and in a transitory manner) easily.

[0043] There is no particular limitation regarding the site (fumigation site)

30 where the inventive generator is to be used. For instance, the generator can

be used in any site such as in a commonplace or typical household (a living

room, an entrance, a toilet, a kitchen, et.) and can also be used for industrial

application (in a factory) or in a medical site such as a hospital, a medical office,

a nursing home, or a public place such as a school, a train station, or public

35 toilet, etc. Further, not only in a relatively large space such as an indoor

living space for human living, the inventive generator can be used in a small

13



10 enclosure 20, the porous material and the enclosure can be separated from each other in a reliable
manner. [0048] Since the insulating member 40 has the size/dimension set to be smaller than the
inner diameter of the tubular container body 12, there is the possibility of this insulating member 40
being displaced inside the tubular 15 container body 12. In this case, if the aqueous chlorite solution
discharged from the enclosure 20 enters the gap between the insulating member 40 and the inner wall
of the container body 12, the effect of the surface tension makes it difficult for the insulating member
40 to displapetasidelttys corfiigErbooly 4 2h2e0D49] 4n iine ahtorisfevdioxibie( getreradbila Obuden the

container hady:32 ig,defamed,torRreak argn ihe enclosure 29-5lerpd herain. the agueeys ghlorite
solution 19 Wlllglég out of this encllcgsure i.O andé;[.'hel%flow through the hole portions 41 to come into

contact withRREHN KeifE RERROSAGH THMs WS VEhaRifPHE SHAGSHEPTSIGEr ally after the
flow-out of Pe4dducbs 25 ohtivitechdiution d9osid ofetrecentiosiife @0) ibis pessitite 4owatise the

aqueous chigrite soltion 19 1opasa therhelstrerions B sraoathly, andRasibhIONAS the,aaueous
chlorite solutio 19 ha,iﬁ)assed the hole @ﬁ(r)%ong 41, if the shakin op(géatlocg of the container body 12
is stopped "By & ket S SR fe REDROF B4 TS E ARt GRS e HGaEtUS iR §8itifion 19 to
flow in reversetionghyBathie ¢iolk poFtReadthag kintb it envlostme2chloringdithed esgre the
insulating remMbR-AQ:is ¢aRakIA 1ol REPVRKNG dlispiacement Al thenerons matgdiallonasd ihe

enclosure 20, the,porous material cannot pass the hole portions 41. ore payticularly, the pore
diameter o? 8 %I%é’)%ﬁt%ﬁrﬂnﬁg%?e%gt srg%%g%gn{; & |chﬁli‘"da5’al§j’saasaet %Il aiﬁt%%?i%%%% surface
tensfon in threrhsentéhst ecaspiabfobesapplicatitar, Bl abde capablécalsy shipeirentierpdssage of

the porousgnatesiabr [AASOLWVILH thel rbena-desceibiedial angeme ik sacR Wisplacemert obthe porous
material dia&;g&?g clos%; tolglhe gr sé%s ké%rge port 14 than to the enclosure 20 toward this enclosure
20 can be preven%ga the insulating ‘5 member 40, it is possible to allow the reaction for generating
chlorine dioxide ga¥ tbhtakleplabesh thatdida Bhigiagaddiserepiporclorineraissislenasser. With

this, it becgmesraven easeipahliscliarged largeramount ot lysiine dioxide gas akongtimey(at one
settligg a”dsﬁbo%}é?gﬁ{%?%ﬂ%%? r%he gas discharge port 14 of the chlorine dioxide gas
generator 10 having generated chlorine dioxide gas in water e.g. stored in a
water tank, aqueous golution of chlorine dioxide can be produced easily.
[0045] Chlorine dioxide gas has a very high solubility. Therefore, in order to
maximally reduce the free water in the reaction system, a porous material
20 such as zeolite, silica gel, ete. is employed as a carrier in its reaction.
Through the reduction of free water in the reaction system, it becomes possible
to increase the reaction rate between the acidic substance such as sulfuric acid
and the chlorite and also to reduce the dissolution amount of chlorine dioxide
gas. Accordingly, it becomes possible to cause chlorine dioxide gas to be
25 generated substantively at one setting {at one setting and in a transitory
manner) in a high concentration.

As described above, when chlorine dioxide gas is generated with using
the inventive chlorine dioxide generator 10, the generation of chlorine dioxide
gas 1s effected at one setting and in a transitory manner in a large amount.

30 Therefore, it is possible to reduce the fumigation treatment period (waiting
period for human) of the space inside the fumigation room, so that a human

can enter the fumigation room immediately after air ventilation.

[0046] [Alternative Embodiment 1]
35 As shown in Fig. 5, the inventive chlorine dioxide generator 10 may

further comprise an insulating member 40 for insulating the porous material
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10[0051] [Alternative Embodiment 2] The container body 12 may include a positioning means (not
shown) for setting the movable range of the insulating member 40. With the above-described
arrangement providing a positioning means, the range of movement of the insulating member 40
inside the container body 15 12 can be set in a reliable manner by the positioning means. If e.g. the
positioning means is used for setting the movable range of the insulating member 40 in such a manner
as to prevent displacement of the porous material toward the enclosure 20 inside the container body
12, it becomes phssinieltmatei2thé-chiotnehdisttide gheeratiotuitagtion iokiakeipldaevomthe 20 side

2.t becom ouzthe: de genera ligero
&rgeefﬁiﬁ?%??ﬁﬁ??ﬁé%%ﬁ%ﬁ?ﬁ%?%%ﬁﬁ%%%ﬁ‘m'ﬁ“ A Hos2.

one setting and in_a transitory man 0052]

The positidHimg THERRSELH B GLE B eERB P REAHE A the ey bhssrrarfscelf the
container HOO 7D fdnpleventibgdnoverment di¢hesakitisglating kember erdx ixeandiadapered

portion whighiendarg dhe Inper diRmster of Jim raRialag: Radkd 3 erogrensively.decirassddpward the
bottom pIatq% portion (1ﬂ%)fl1 this ?p red portion is ormedfﬂotl the region inside the container body 12

to be filled WHPHE HIFo e mEIBHAR L G HsHI e RGN to BRIk Withéte B e Y0 1plen, the
insulating poayid0swvilt BObdtomehnokbd byt tiamete rred Ucedtapberbedrpostion Silmes biding

prevented frommoninatRaethenenglasurs, 204 Exampias [0023pfFxamnietAain thig Bxgmple
described next, there employed a chlorine dioxide generator 10 wherein a container body 12
having a tubi (?Séﬁfgpév(?tz%]f ﬁsgelﬂ?é%é%%??&?%‘ﬁ*&% Ighf f%?&lfom?et&ld%&&g?&éyl e stores,
in itPinner epelosvaaudiildihdarlikey grassearmpoutd dé theredolsire209. He054) T abritaimer body
12 had dimgpsions: eof daeign it m8gnm-x 180 mm and the glass ampoule 20 had dimensions of

diameter: ]@@glx 1 g)nrgemt SeaP ggfé@%tel&TI% {iansiﬁ%e 1; th&ﬁéass ampoule 20 was fillé-:' with 5to
10 g of 25 wt.% Chlorite soluﬁon (gqueou sodium chiornte &3 |on)gl‘<fﬁ gg%lgllédg% 3 cOfiventional
method. Upitardfy dhee dhassramipdieetenadotitrdeitic! svrepositosr 18dms stdieekenis e solid
acidic compesilibilit3, dhefieiwassinIgsh a posavscmaterialiiosmad nhadaorausidatesiah (silica gel
having a 193pecilic suiace frea o 1R GARIAGIS5EQ 3320 mmnanyagtured y

from the enclosure 20 enters the gap between the insulating member 40 and

the inner wall of the container body 12, the effect of the surface tension makes

it difficult for the insulating member 40 to displace inside the container body

12.

20 [0049] In the chlorine dioxide generator 10, when the container body 12 is
deformed to break open the enclosure 20 stored therein, the aqueous chlorite
solution 19 will flow out of this enclosure 20 and then flow through the hole
portions 41 to come into contact with the solid acidic composition 18. Then,
by e.g. shaking the container 12 vertically after the flow-out of the aqueous

25 chlorite solution 19 out of the enclosure 20, it is possible to cause the aqueous
chlorite solution 19 to pass the hole portions 41 smoothly and easily. Once the
aqueous chlorite solution 19 has passed the hole portions 41, if the shaking
operation of the container body 12 is stopped, by the effect of surface tension, it
becomes difficult for the aqueous chlorite solution 19 to flow in reverse through

30 the hole portions 41 back into the enclosure 20.

Further, since the insulating member 40 is capable of preventing
displacement of the porous material toward the enclosure 20, the porous
material cannot pass the hole portions 41.

More particularly, the pore diameter of the hole portion 41 may be set

35 80 as to make liquid passage difficult due to the surface tension in the absence

of external force application, and to be capable also of preventing passage of

15



by Fuji Silysia Chemical Ltd.) impregnated with 10 wt.% aqueous sulfuric acid solution. Upwardly of
the solid acidic composition 18, there was disposed a cushioning material 22 formed of a disc-like felt
having cushioning effect. [0055] Upwardly of this cushioning material 22, that is, at the opening 15
portion formed at one end of the container body 12, a gas permeable film 36 formed of a
gas-permeable, water-impermeable sheet was thermally fused to cover and seal this opening portion.
In this way, the gas discharge port 14 in the present invention was constituted of the gas-permeable
film 36. Thetgagepetmeabtefibh 36 employed in the instant embodiment was comprised of 20three

sheets of L. ever, the | ion-is.not_limi 0. 6i pogitg.ends of the
container E%s(‘:%) (1% in%a\é%\%e_-gdgggéi e%gc %%ntzeﬂg%%l gﬁ g%ggérgﬁ%ggod\;v%?g %Eeqi%e%% h%?n sgto bend

|
the contain 98y FRfRidHn HrReSRASRLSET Vifthtikes Bt dasialiveniie dhsampbuleheo stored
therein wasitienroféh, whensbytilie sadlomuchl@itec2b hgupoersesaldidnyfleleoins Al thegporous

material copiaiping. e, agueqns SuibiiG SpIop@Gidic SURSIANGE) Was Sigrethinside dhe pantainer
body 12, the flown-qut agqueous %Iorig Z%u ion came %%%é:ontact with the porous material, whereby
an amount&¥cid g@(‘fﬁ@&a Wak§ et T IS CHISARE BIbxlde B ds ‘Gt 5 dBanGEE the

container B&akhl 2hoeuldt Deedisokargediadhe 80gad tischeggegpdartd comprisedbiciblerine
gas-permeghieifiln 36 ia hie.autside.efihe scantaipanbody -1 2- AR A-nAssegiation with this discharge

of chlorine dioxide gas via the gas discharge port 14, it was possible to carry out a chlorine dioxide
treatment (steriliziniérleatmer]t of germs, fungi, virus inactivation treatment, 35extermination treatment
of hdrmful k, diljesnativetehodipento?h predetermined period inside a fumigation room with

this enhanced chloting @pKidaGoRcENtatian[PReR]Ida theorieserh INVEMioN (Meawivrieacid was

employed %gt%nnactigié: I%%bségﬁceé gven {V\%ré ?u”ﬂ'iictax?id rgg a ow% ncentration as low as e.g. 10 wt.%
in the solid aC|(]j|cgcomposﬁ|0n, it WS St I_possri’b e olg erate §]I"a _ge amount 5 of chlorine dioxide gas
at one time (at oneWélthridraribirver tharisitopy meraegehonétheeyithurefares dthiegoneentration of

sulfuric acighuseghas aPaweHi adest an beloutihandiagRecomes RRSIglanshierR iseltained also
gt ety Igreoter 25 e ISR AR 6213° AOTEl JUTE" SR eR g gt
positioning means is used for setting the movable range of the insulating
member 40 in such a manner as to prevent displacement of the porous
material toward the enclosure 20 inside the container body 12, it becomes
possible to allow the chlorine dioxide generation reaction to take place on the
20 side of the gas discharge port 14 in a reliable manner. With this, it becomes
even easier to discharge a large amount of chlorine dioxide gas at one time (at
one setting and in a transitory manner).
[0052] The positioning means can be e.g. a projection formed on the inner
circumferential face of the container body 12 for preventing movement of the
25 insulating member 40. Or, it can be a tapered portion which renders the
inner diameter of the container body 12 progressively decreased toward the
bottom plate portion 16. If this tapered portion is formed not in the region
ingide the container body 12 to be filled with the porous material, but from the
region to be filled with the enclosure 20, then, the insulating body 40 will
30 become hooked by the diameter-reduced tapered portion, thus being prevented

from moving toward the enclosure 20.

Examples
[0053] [Example 1]
35 In this Example described next, there was employed a chlorine dioxide

generator 10 wherein a container body 12 having a tubular shape (test
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10 [0059] [Example 21 (Chlorine Dioxide Gas Generation Test 1) Generation rates of chlorine
dioxide gas were compared between a case when an acidic substance (sulfuric acid) and a porous
material (silica gel) were mixed [a sulfuric acid formulation (silica gel)] and a case when an acidic 15
substance (sulfuric acid) and water were mixed (an aqueous sulfuric acid solution: Comparison
Example). [0060] After 10g of silica gal (CARi ACT Q-10 1.70-4.00 mm manufactured by Fuji Silysia
Chemical Ltd.) and 2.2 g of 50 wt.% sulfuric acid solution were mixed and stirred together, the
resultant soltiohi kvastaipdried thowtaimal2g. sulfurit faeich ot rofilatiyn Wifiealcstmentratiatsof sulfuric

acid: 9 wt. ?ﬂ%?%&%'%%%ﬂl@?%‘&nlﬂ@) %1 éQ%ﬁiEEﬁi@QQ tﬁ%ge?ﬂcc%@rﬁf A4 2.2 g of 50 wt.%

sulfuric aci tlo ere mixed rr ther, thereby tg obtain an aqueous sulfuric acid
solution Aﬂ{ﬁ% RRGBHSE E%%ﬁggﬁwfl%ﬁ e e dRethy MR BUEP container

(diameter mnnanxl LhE msﬂamstwé@rﬁarhedbbdyel@;a@aﬁséampewe (bDalosure X0 diameter 7
mm X 75 myp), AeREes j‘?g therein &bg Hfde Mé’@s%ﬁﬁh?@@(ﬁ'%é@ﬂﬁ@& wag sfared o3ppsequently,

into this co %alnegb sulfur acid formu %atlon Al}a th ecushl nrn material (raabnufactured

by Sumitorid St 881 3“22% HP R O L ST L AL TR S E s erle
gas-permefableﬁﬂﬁn@@ﬂ’meﬁﬂmdufacﬂpe’dawlm|t$ﬁ1rblghrgimw@enpm1}%@0uas thdirhalhjdirsed to the

opening peiian efitherconiaings kedye42, th@sm@kmer a@meeceiﬁ}ggae@ﬂeretorﬁ&e wasOn the
other hand a chlorine d|0X|de etr)rer f[ of a arrson 35exam$ WﬁlTade b]\I/ ﬁém the sulfurrc

acid solutlon A InhR EShtaiReT erﬁiy TS ea F‘ﬂ?é’%% uric oA

deteme|nat$r§’r¢@f1@rﬁ@ﬁif@0@|@X%@d§@dﬁ@@1t%ﬁ&,%'?e@vé§ dripralyea m@em@n@é@r@mrﬁ(iermining

chamber hayiﬁgﬁi@;@y@mmmm%&sﬂiﬁa@eéghgse@erajnalfteawmqa@ﬁlgosﬁmd@{b aleiright
faces of a 6. g Ltgolyet& eneCﬂ% a,rr% r. Inlthlrs cco(riri:centratron etergini chamber .there 5 was stored

a
the chIorrne 10XI e generator |n 0 an arcuate(forpn an(]ijrxed ffurnover lF‘I?erea er, by

using an aﬁ%@?ﬁ@{ﬁ%ﬁtﬁé‘é&ﬁé@%ﬁ%ﬂ?ﬁﬁf eThsciileobylvibarns IWE‘I&H&E@@F{@ one end of the
chamber 400883 caupedhiepass tbﬁzmada@f)thggehamtmalow ath'%ﬁd%ﬂﬁﬂnﬁﬁfedtﬁp@ﬁ@ﬁlg'rhen the

ntratjo h [ £ t e 10 connected to site face
t%gcharg ril(;:ér?{\}vﬁaég (ggt%rgm%)rée%ﬁbg%%g %&\Xﬁ‘ typegélh orrr?e éxrd%asagec]fgfegt%r tu]be ?lg MYO
RrKAGAKLfPRIe@Y@f R, gawmwbﬂc@)r\ﬂﬁéw@ﬁﬁ@rma Q@Hﬁafﬁ%ft@@rwﬁa%%ﬁdsfmpre too,
the chlorinectiexigiedyasataidentpationgves-tieterminethhy wheysahegneiiedh0ge3pdhel flow rate of air

was determiied (. BioMMAIE (IR s th Sl SPRIED %%\'t ;é%&%&% Q%P%RATI]'QA\D as 1

L/min. From the determined chlorine dioxide gas concentratio eneration rates of orrne
dioxide gaSHRRETRRARIEL ) o FONBlINtG Frilif otant emmbodiment was comprised of
20 three sheets of EXEPOL. However, the invention is not limited thereto.

{0056] Then, the opposite ends of the container body 12 in the
above-described chlorine dioxide generator 10 were held by hands to bend the
container body 12 into an arcuate shape. With thig, the easily breakable glass
ampoule 20 stored therein was broken open, whereby the sodium chlorite
25 aqueous solution flew out. As the porous material containing the agueous
sulfuric solution (acidic substance) was stored inside the container body 12, the
flown-out aqueous chlorite solution came into contact with the porous material,
whereby an amount of chlorine dioxide gas was generated. This chlorine
dioxide gas generated inside the container body 12 could be discharged via the
30 gas discharge port 14 comprised of the gas-permeable film 36 to the outside of
the container body 12.
[0057] In association with this discharge of chlorine dioxide gas via the gas
discharge port 14, it was possible to carry out a chlorine dioxide treatment
(sterilizing treatment of germs, fungi, virus inactivation treatment,
35 extermination treatment of harmful insects, etc.) to a treatment object for a

predetermined period inside a fumigation room with this enhanced chlorine
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100641 [Mathematical Formula generation rate (mg/h) z-- [concentration (ppmy) x 2.8 (mg/m3)
x flow 20rate (L/min ) x 60 (mm)] / 1000 (L) [0065] As shown in Fig. 2, in the case of using the
inventive chlorine dioxide generator 10 storing the sulfuric acid formulation Al in the container body 12,
the chlorine dioxide generation rate reached 12 mg/h after lapse of 3 minutes 25 subsequent to
bending of the container body 12 into the arcuate shape. On the other hand, in the case of using the
aqueous sulfuric acid solution A2, although the chlorine dioxide concentration progressively rose after
the arcuatelhefidingoalk:the canitainer body 12, the rate was 6 mg/h after lapse of 3 minutes and

reached onyodano/neued AlRlapas eh . miutes AL in. s alerinadiesids ganerefjon rate

after lapse of 3 minutes su uent to the arcuate Ing of the contal y 12 was twice (12/6)

as high with R ARASHVERATBHAS tibkidfe 5ehSlator TO R Gt THE R BRARVIR%IRE gEM EFRIGr of the
comparisomedamplbd afide6tFnomdthieabovergdescilbedyedillisdtosyasifatnd thapthenmearntive

35chjorine dioxife generaiond § 4sino dhe sfuric Asidkiaumulation Ahgomprisiog she poarpys,material
containing an acidic substance ¢an generg#;ochlorme dioxide g iﬁ?”y} greater amount at one setting
in atransitgg% 5?; thus 5y mord®sui |8%??BFH@%H8nP[?o ﬁ‘ﬁ%@arﬁﬁi@ 315¢EhIBFin@ Dioxide

Gas GenemationrTekt 2y 5Geane tatidrwabes: dlicty drine wiexieesyas avel ¢ loom pardd etk efsa case
when an agidig sulstancafsHiivis acidiangd apeserspaisdal &zaalitedyyere,mixad La sufyic acid
formulation %eoI;EﬁAL%\{%e r%lxed and a. case herﬂgan@dlc subst%pce sulfuric acid) and water were
mixed (an gé o fie b‘?&‘&8fﬂ%ﬁ?@8fﬁ6§? oA TSP HBI0®S] Atter 10g of zeolite
(mdfufactured by OMI KOGYO Ltd.: particle diameter 1 to 3 mm) and 2.2 g of 50 wt.% sulfuric acid

solution wepggked BRSHERIedIOUEhRI ke TRSBI R GeRyas & “HEigdfor one hour to obtain a
sulfuric acid formuﬁtion B%igfinlqégoncg r]ation of sulfuric acid: 9 wt.% in soljd acidic composition 18).

On the other hand, 8%85? watef and 3.2% OF'5g £5°W .%ggﬁfﬂvﬁéea%?%%ﬁg%W&g%i%@%d stirred
together, tiehebyeto avidin srbatuesySsulfurie acid sundie B thinaladfemtdntsdiiion aflduieric acid: 9
wt.%). [0068ixknto[a peivethylena dubsiandeniainek{Hirmese] L Xchdd MMd@San acidic
15 substance (sulfuric acid) and water were mixed {an aqueous sulfuric acid
solution: Comparison Example).
[0060] After 10g of silica gal (CARi ACT Q-10 1.70-4.00 mm manufactured by
Fuji Silysia Chemical Ltd.) and 2.2 g of 50 wt.% sulfuric acid solution were
mixed and stirred together, the resultant solution was air-dried to obtain a
20 sulfuric acid formulation Al (final concentration of sulfuric acid: 9 wt.% in
solid acidic composition 18). On the other hand, 10g of water and 2.2 g of 50
wt.% sulfuric acid solution were mixed and stirred together, thereby to obtain
an aqueous sulfuric acid solution A2 (final concentration of sulfuric acid: 9
wt.%).
25 [0061] Into a polyethylene tubular container (diameter 10 mm x 125 mm) 12
as a container body 12, a glass ampoule (enclosure 20: diameter 7 mm x 75
mm) 20 enclosing therein 1.2g of 25 wt.% sodium chlorite solution was stored.
Subsequently, into this container body 12, the sulfuric acid formulation A1 and
the cushioning material (manufactured by Sumitomo 3M Limited, G-43) 22
30 were stored one after another in this order and a gas-permeable film (EXEPOL
manufactured by Mitsubishi Plastics, Inc.) 36 was thermally fused to the
opening portion of the container body 12, thus making a chlorine dioxide
generator 10.
On the other hand, a chlorine dioxide generator of a comparison
35 example was made by storing the sulfuric acid solution A2 in the container

body 12 instead of the sulfuric acid formulation Al.
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a container body 12, a glass ampoule (enclosure 20: diameter 7 mm x 75 mm) 20 20 enclosing
therein 1.2g of 25 wt.% sodium chlorite solution was stored. Subsequently, into this container body 12,
the sulfuric acid formulation B1 and the cushioning material (manufactured by Sumitomo 3M Limited,
G-43) 22 were stored one after another in this order and a gas-permeable film (EXEPOL manufactured
by Mitsubishi Plastics, Inc.) 36 was thermally fused to the 250pening portion of the container body 12,
thus making a chlorine dioxide generator 10. On the other hand, a chlorine dioxide generator of a
comparisofi0862hplEovadetade by tstoring tideutfuridiacid sohationdB2dn tite contalnarcbady 12

instead of the. sulturic.acidfermulation BL30I00ZAL Iﬁ&%@m@gfjgg qiicploring AIR¥idaaas

concentrati¢|gn, was effe teq,l%the_sa e §nanner asfgxam le 2 ~_As shown in Flg(. 3, in the
case of usingHORREHRGE ¢ magr@%-déogéwéﬁs Facrg?o.liﬁ% &gkt BSesihubtiohB1 in the
container hody<tDylee chlonte vérxidelge beratimmcate retiched d2 ragihi aftechapsbeaf 2Hork0
fg%nyﬁeifagmyggtfgebeﬁﬂémgfa@@;&@@tt ' Eﬁ%ﬁ ﬂ(ad i@é%ﬁﬂ%@&tgﬁt%ﬁiﬁq%ﬁ%t%@m s
mg/h after lapse o minutes. n other hand, in the case of using the aqueous sulfuric
acid SoltGRIES! a%ﬁoﬂ&ﬁ*ﬂ%@%moﬁhaf(?@ﬁ% Bindsnaeh p%*'g@&&%@fm*éwﬁia Buate
bending of ARSLdoMtdiAE). bBEBAQ) te tate siasod ertgrheafiee thpsewd 2rindités: ahe reaehedionly 9
mg/h evengfter:lapsel ab i 1R Swiiess the chhighkuibeshiarinedigxidagenedienale after

lapse of 2 minutes, subsequent to the arcuate bending,of the container body 12 was twice (12/6) as
g with 1R S HHBATE HIBRL CAEIRtof A AEVGIES G MG BN SHVABILS the
corhparisoncaanisie. todjne prpretin thecabdve dbsatibetwesultst4rwasdd indatHal THe A VEAtive
chlorine digyjsle gaperaton Mk iming:thelstiturie agishforugtion BlrcamansingdhenerousKnaterial

containing-an acidic substance enerate chlorine digxide by a greater amount.at.one setting in
atransitorﬁnﬂarﬁéﬁ tkﬁﬁgrb%ﬁggnﬁllgorgréﬁitﬁgﬁél or ?L?rlﬁ?é:g%%ﬂo%% 72 %tlr%op e Fal%ﬂﬁy Test of

Sulfuric Actserdeniaolioxide saeclogeasttzabitd waarildbetorategybo Vi xoaeaiethoparticle
diameter 1[gp83hmIBadib o-at@ oIVt sulfurifeasichsabdianwere smixadaand Glirredrpgather, the

resyltant siuteayes aisAied PR PINIOR PORBBRATION) as 1 Limin.  From the
determined chlorine dioxide gas concentration, the generation rates of chlorine
dioxide gas were calculated by the following formula.
[0064] [Mathematical Formula 1]

generation rate (mg/h) = [concentration (ppmv) x 2.8 (mg/m? x flow
20 rate (L/min.) x 60 (min)] / 1000 (L)

[0065] As shown in Fig. 2, in the case of using the inventive chlorine dioxide
generator 10 storing the sulfuric acid formulation Al in the container body 12,
the chlorine dioxide generation rate reached 12 mg/h after lapse of 3 minutes

25 subsequent to bending of the container body 12 into the arcuate shape. On
the other hand, in the case of using the aqueous sulfuric acid solution A2,
although the chlorine dioxide concentration progressively rose after the
arcuate bending of the container body 12, the rate was 6 mg/h after lapse of 3
minutes and reached only 9 mg/h even after lapse of 10 minutes.

30 That is, the chlorine dioxide generation rate after lapse of 3 minutes
subsequent to the arcuate bending of the container body 12 was twice (12/6) as
high with the inventive chlorine dioxide generator 10 as with the chlorine
dioxide generator of the comparison example.

[0066] TFrom the above-described results, it was found that the inventive

35 chlorine dioxide generator 10 using the sulfuric acid formulation Al

comprising the porous material containing an acidic substance can generate
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20 sulfuric acid formulation C 1 (final concentration of sulfuric acid: 9 wt.%). Then, the stability of this
sulfuric acid formulation Cl under indoor environment was investigated. In a beaker, the 9 wt.%
sulfuric acid formulation Cl was charged and placed in a room which has a floor area of 12 tatami-mats
(Japanese mat). 25 Thereafter, changes in weight over time of the sulfuric acid formulation Cl were
determined for over 1500 hours with using a precision balance scale (Fig. 4). Fig. 4 shows humidity
changes in the room as well as weight changes in 97% sulfuric acid solution as a control. As a result,
the weight diliharsutusic deighafotmulatien Clwascstab et as 8 G digimg: maintamned gepernallyrai-80 wt.% or

more; and %5%@%@&?&@%{%&@8@0&0%@%59rm’ concentration reduction to about 50 wt.% did

not occur. Hence, it was found that the sulfuric acid formulation Cl is less susceptible to influence from
indoor environmental factors. Therefore, the chlorine dioxide generator 10 according to the present
invention cEI0B&]stdiExefonpde@lg fEhderRtoDinmddd(das3Enanapiers Test Rlfferences in the

gﬁln%ratic;n argoun@&;b%%iea 9%&5&%0?*1?@%@?%&%0&5@?&[@&5&&&Qé‘&g’%‘éﬁaﬂr@% @%&&96') when
cnhiorine dio € gas was.generalie Y nventve. orine aioxiae generatqr er

vostiato PR A BRI ST A DAAF BRI i BB b G A7 A% (6 B Side of the
gas dischargexporta 4)india e rfpositdatinthzedntaiher udynige@drtit sidesst thiedpottom plate
portion 16)acididstease abihaeh@rdnD RAditenef theraulfidepcic fogmetiation, wpwardly of the

container b%% 151,11 igs%ratin% tﬁembeﬁ 0 was placed 10 between the sulfuric acid formulation (the
porous matenal) ahd-the BRtidLtre 2016y reventing displacement of the porous material toward the

endBsure 20068the ddserol e ehargihitepboitioniaictveediforicH BRsuEoh downwaidly of the

container hgdynkde fNE tHSUHANOMEMIIEE 40 Bas 105 HeEU. {04l ISRk Cassdhe container body 12
was deforrrsl?g tg (P{%é(@g 598'01151%216 go Cgf)u%?use 1 g of tlfle.sgllfgric aci%formgtiorgftand 1 g of
agueous ch orite solttion (55 0 aquseousnsO(S:llum chiotite <otu |c1;ﬁe) o Comehto Contatt with each
other to geraatsiarmeisdontsrasionnd bislinel penontindiganefatadloriorre Hidkiss-§asnthe
generationsamaui leg)oeh shierine digkide gasiwas iwestgateddd & dmpinyias apthe.g@istant
temperaturg of, 20, ), Ry, 2010e.iademetyc, method.y %H‘s Fr‘é’&%E‘%é{ﬁeg‘%ﬁ?é’%bth‘%@eﬂ%{la&ed
chlorine dioxide gas was disso ved in a potassium lodide solution & e restltant mixture solution

was titrate@WiHHIEEARAMSIMIBEIR 26180 BTN B 2HdiBRlo AR GRS eHIabbs aliBintand) Was

calculated witlta)sing the following formula. In 25 the following formula, A represents the titration

o, G0 LGRS 0 PR STt
[MathematR&PRERRGE P0G eherail shibmmomy | eRAleREeCSY 45 B6tRy mMdhmbl¥ ¥ B F#BL/1000
20 20 enclosing therein 1.2g of 25 wt.% sodium chlorite solution was stored.
Subsequently, into this container body 12, the sulfuric acid formulation B1 and
the cushioning material (manufactured by Sumitomo 3M Limited, G-43) 22
were stored one after another in this order and a gas-permeable film (EXEPOL
manufactured by Mitsubishi Plastics, Inc.) 36 was thermally fused to the
25 opening portion of the container body 12, thus making a chlorine dioxide
generator 10.

On the other hand, a chlorine dioxide generator of a comparison
example was made by storing the sulfuric acid solution B2 in the container
body 12 mmstead of the sulfuric acid formulation B1.

30 [0070] The determination of chlorine dioxide gas concentration was effected
in the same manner as Example 2 above.

As shown in Fig. 3, in the case of using the inventive chlorine dioxide
generator 10 storing the sulfuric acid formulation B1 in the container body 12,
the chlorine dioxide generation rate reached 12 mg/h after lapse of 2 to 10

35 minutes subsequent to bending of the container body 12 into the actuate shape,

and the rate was 10 mg/h after lapse of 15 minutes.

20



mL) [0076] [Table upperpositionin container body lowerpositionin container body 0 to 5 min 15.96
4.38 5to 10 min 8.97 8.30

On the other hand, in the case of using the aqueous sulfuric acid
solution B2, although the chlorine dioxide concentration progressively rose
after the arcuate bending of the container body 12, the rate was 6 mg/h after
lapse of 2 minutes and reached only 9 mg/h even after lapse of 10 to 15

5 minutes. _

That is, the chlorine dioxide generation rate after lapse of 2 minutes
subsequent to the arcuate bending of the container body 12 was twice (12/6) as
high with the inventive chlorine dioxide generator 10 as with the chlorine
dioxide generator of the comparison example.

10 [0071] TFrom the above-described results, it was found that the inventive
chlorine dioxide generator 10 using the sulfuric acid formulation Bl
comprising the porous material containing an acidic substance can generate
chlorine dioxide gas by a greater amount at one setting in a transitory manner,
thus being more suitable for fumigation.

15
[0072] [Example 4] (Stability Test of Sulfuric Acid Formulation)

After 10g of zeolite {manufactured by OMI KOGYO Ltd. particle
diameter 1 to 3 mm) and 1.1 g of 97 wt.% sulfuric acid solution were mixed and
stirred together, the resultant solution was air-dried for one hour to obtain a

20 sulfuric acid formulation C1 (final concentration of sulfuric acid: 9 wt.%).
Then, the stability of this sulfuric acid formulation C1 under indoor
environment was investigated.

In a beaker, the 9 wt.% sulfuric acid formulation C1 was charged and
placed in a room which has a floor arvea of 12 tatami-mats (Japanese mat).

25 Thereafter, changes in weight over time of the sulfuric acid formulation C1
were determined for over 1500 hours with using a precision balance scale (Fig.
4). Fig. 4 shows humidity changes in the room as well as weight changes in
97% sulfuric acid solution as a control.

As a rvesult, the weight of the sulfuric acid formulation C1 was stable as

30 being maintained generally at 80 wt.% or more; and unlike the 97% sulfuric
acid in the liquid form, concentration reduction to about 50 wt.% did not occur.
Hence, it was found that the sulfuric acid formulation C1 is less susceptible to
influence from indoor environmental factors. Therefore, the chlorine dioxide
generator 10 according to the present invention can be stored for a long period

35 of time.
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10to 15 min 5.29 6.21 total (0 to 15 min.) 30.22 18.89 [0077] From the results above, it was found
that in the period of 0 to 5 minutes, the chlorine dioxide gas generation amount was more than three
5times greater (3.64 times: 15.96 / 4.38) in the case of charging the sulfuric acid formulation at the
upper position in the container body 12. In the period of 5 to 10 minutes, the generation amounts
were substantially same and in the period of 10 to 15 minutes, the amount was slightly greater in the
case of charging the sulfuric acid formulation at the 10lower position in the container body 12. In
the case of@8@8JindExemypierk) acid formulation at the upper position in the container body 12, the

gas generation peahabitineraiodial Gdhemisies Lhairaler, hagenaitonaragupl geereased
rapidly (41% decreasg), Whereas, in the case of charging the sulturic acid formulation at™ 15°the lower
position in m&%&ﬂa?ﬁ%hﬁo%ﬁ%}%@&%&@%ﬁwﬂ gégw@d gﬁiéh‘édb‘“e‘?ic’}@]&?% dHiliutes The
generationweasougtgecrease tyerehfteriwesrdbout 26%rilso, dstaithe gotahganeralion ammtnts of the
chlogne di%@@sagaée&h@H@r@gfgﬁgog@%mm%%e@ 0 nohe6ass, of ghargingyihe sulfuric
acid formu?gl(%rrl ?étpoenu %egf%oesg%o t%” ggg ﬁ?snc g]fgrebgg};/t 4yvgl§1d a lower position in the
container body 12 (on the side of the bottom plate portion 16).
In the case of the charging position of the sulfuric acid formulation
upwardly of the container body 12, the insulating member 40 was placed
10 between the sulfuric acid formulation (the porous material) and the enclosure
20 for preventing displacement of the porous material toward the enclosure 20.
In the case of the charging position of the sulfuric acid formulation
downwardly of the container body 12, the insulating member 40 was not used.
[0074] In each case, the container body 12 was deformed to break the
15 enclosure 20 to cause 1 g of the sulfuric acid formation and 1 g of aqueous
chlorite solution (25% aqueous sodium chlorite solution) 19 to come into
contact with each other to generate an amount of chlorine dioxide gas. On the
generated chlorine dioxide gas, the generation amount (mg) of chlorine dioxide
gas was investigated (0 to 15 minutes at the constant temperature of 20 °C) by
20 the iodometric method.
In the iodometric method, the generated chlorine dioxide gas was
dissolved 1n a potassium iodide solution and the resultant mixture solution
was titrated with sodium thiosulfate solution. And, the chlorine gas
generation amount (mg) was calculated with using the following formula. In
25 the following formula, A represents the titration amount, B represents the
molar concentration of sodium thiosulfate and the molecular weight of chlorine
dioxide was set as 67.45.
The results are shown in Table 1 and Fig. 6.

30 [0075] [Mathematical Formula 2]

generation amount (mg) = A (mL) x 67.45 (1000 mg/mol) x B (mol/1000
ml.).
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20about 1.6 times as great (30.22/ 18.89) as the case of charging the sulfuric acid formulation at the
lower position in the container body 12. With this, it was found that a greater amount of chlorine
dioxide gas can be discharged at one time (at one setting and in a transitory manner) when the sulfuric

acid form

ulation (porous material) is disposed closer to the gas 25discharge port 14 than to the

enclosure 20. [0078] [Example 61 Differences in the generation of chlorine dioxide gas between
the case when the acidic substance was carried by a porous material (silica gel) and the case when
the acidic §0bF@Inc&TudEein the form of a solution were investigated. As the porous material, there was
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[Table 2]

10

15

20

2b

10%sulfuric acidaqueous solution 30%sulfuric
00771 From the results above, it was found that in the period of 0 to 5

minutes, the chlorine dioxide gas generation amount was more than three
times greater (3.64 times: 15.96 / 4.38) in the case of charging the sulfuric acid
formulation at the upper position in  the container body 12.

In the period of 5 to 10 minutes, the generation amounts were
substantially same and in the period of 10 to 15 minutes, the amount was
slightly greater in the case of charging the sulfuric acid formulation at the
lower position in the container body 12.

In the case of charging the sulfuric acid formulation at the upper
position in  the container body 12, the gas generation peaked in the period of
0 to 5 minutes. Thereafter, the generation amount decreased rapidly (41%
decrease). Whereas, in the case of charging the sulfuric acid formulation at
the lower position in the container body 12, the gas generation peaked in the
period of 5 to 10 minutes. The generation amount decrease thereafter was
about 25%. Also, as to the total generation amounts of the chlorine dioxide
gas 1n the period of 0 to 15 minutes, the amount in the case of charging the
sulfuric acid formulation at the upper position in the container body 12 was
about 1.6 times as great (30.22 / 18.89) as the case of charging the sulfuric acid
formulation at the lower position in the container body 12.

With this, it was found that a greater amount of chlorine dioxide gas
can be discharged at one time (at one setting and in a transitory manner) when
the sulfuric acid formulation (porous material) is disposed closer to the gas
discharge port 14 than to the enclosure 20.

[0078] [Example 6]

Differences in the generation of chlorine dioxide gas between the case

when the acidic substance was carried by a porous material (silica gel) and the
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acidaquedus solution 10% sulfuric acid (silica gel) 0 to 5 min. 0.67 4.72 15.96 5to 10 min. 1.35 7.42
8.97 0to 15 min 1.354.72 5.29

case when the acidic substance was in the form of a solution were investigated.
As the porous material, there was employed one carrying 10 % sulfuric acid.
And, as the aqueous solution, there were employed 30% and 10% sulfuric acid
solutions.

5 Only in the case of the acidic substance being carried by the porous
material, the insulating member 40 was employed. The aqueous acidic solution
was reacted under the condition of the solution being deposited on the bottom
of the container body 12. In each case, the container body 12 was deformed to
break the enclosure 20 to cause 1 g of the acidic substance and 1 g of aqueous

10 chlorite solution (25% aqueous sodium chlorite solution) 19 to come into
contact with each other to generate an amount of chlorine dioxide gas. On the
generated chlorine dioxide gas, the generation amount (mg) of chlorine dioxide
gas was investigated (0 to 15 minutes at the constant temperature of 20 “C) by
the iodometric method.

15 The results are shown in Table 2 and Fig. 7.
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total(Oto15 min.) 3.37 16.86 30.22 0[00801As a result, when the reaction was effected by causing the
porous material (silica gel) to carry sulfuric acid, the generation amounts of chlorine dioxide gas were
greater than the case of the reaction being effected in the form of sulfuric acid aqueous solution. In the
period of 5 to 10 minutes, the case when the reaction was 10 effected with using the dense sulfuric
acid aqueous solution as thick as 30% showed a generation amount (7.42) near that (8.97) of the case
when the reaction was effected with causing the porous material to carry sulfuric acid. However, as for
the total generation amount of chlorine dioxide gas in the period from 0 to 15 min., the generation
amount wagd4dio (1£,86./30.22) less 15 than the case of the reaction being effected with using the 30
% sulfuric acid solution than the case of the reaction being effected with causing the porous material to
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[0080]

material (silica gel) to carry sulfuric acid, the generation amounts of chlorine

As a result, when the reaction was effected by causing the porous

dioxide gas were greater than the case of the reaction being effected in the
form of sulfuric acid aqueous solution.

In the period of 5 to 10 minutes, the case when the reaction was
effected with using the dense sulfuric acid aqueous solution as thick as 30%
showed a generation amount (7.42) near that (8.97) of the case when the
reaction was effected with causing the porous material to carry sulfuric acid.
However, as for the total generation amount of chlorine dioxide gas in the
period from 0 to 15 min., the generation amount was 44 % (16.86 /30.22) less
than the case of the reaction being effected with using the 30 % sulfuric acid
solution than the case of the reaction being effected with causing the porous
material to carry sulfuric acid. From this, 1t was found that the generation
amount of chlorine dioxide gas i1s greater in the case of causing the acid

substance to be carried by the porous material.

[0081] [Example 7]

Chlorine dioxide aqueous solution was produced with using the
chlorine dioxide generator 10 according to the present invention.

In this example, chlorine dioxide gas was generated by deforming the
container body 12 of the chlorine dioxide generator 10. Then, by submerging
the gas discharge port 14 of the container body 12 in which the chlorine dioxide

gas was generated in 500 mL of water stored in a bottle, the agueous chlorine
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[0082] From the timing of submerging the gas discharge port 14 of the container body 12, -
concentrations of chlorine dioxide in the aqueous chlorine dioxide solution were determined. The
results are shown in Table 3 and Fig. 8. 5 Incidentally, at the time of lapse of 5.3 hours after the start
of test, absorption of chlorine dioxide in water was stopped and after lapse of 22.6 hours, the bottle
was sealed and stored at a cold dark place. [0083] [Table 31 elapsed time (hrs.) concentration (ppm) O
05.3117 22.6 119 100.3 116 216.2 114 1200.2 100

dioxide solution was prepared.

[0082] From the timing of submerging the gas discharge port 14 of the
container body 12, concentrations of chlorine dioxide in the aqueous chlorine
dioxide solution were determined. The results are shown in Table 3 and Fig. 8.
5 Incidentally, at the time of lapse of 5.3 hours after the start of test, absorption
of chlorine dioxide in water was stopped and after lapse of 22.6 hours, the

bottle was sealed and stored at a cold dark place.

[0083] [Table 3]

elapsed time (hrs.) concentration {(ppm)
0 0

5.3 117

22.6 119

100.3 116

216.2 114

1200.2 100

10

[0084] As a result, it was found that it is readily possible to produce aqueous
chlorine dioxide solution only by submerging the gas discharge port 14 of the
chlorine dioxide generator 10 containing chlorine dioxide gas generated
therein in water. Further, if the obtained chlorine dioxide aqueous solution is
15 sealed and stored in a cold dark place, the concentration of chlorine dioxide

becomes very stable, so that this can be used in various situations as a pure
aqueous chlorine dioxide solution free from chlorine dioxide ions or activating

agents, or the like.

20 [0085] [Other Embodiments]

In the foregoing embodiment, there was exemplified a case wherein
aqueous sodium chlorite solution was sealed inside a glass ampoule 20 and an
acidic substance was contained in a porous material as a solid acidic
composition. However, the invention is not limited to this embodiment.

25 Instead, an aqueous solution of an acidic substance may be sealed inside the
glass ampoule 20 as an enclosure and there may be used a solid chlorite
composition comprised of a porous material carrying chlorite (sodium chlorite,

etc.) and the container body 12 may store therein the solid chlorite composition
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. 10 [0084] As a result, it was found that it is readily possible to produce aqueous chlorine dioxide
solution only by submerging the gas discharge port 14 of the chlorine dioxide generator 10 containing
chlorine dioxide gas generated therein in water. Further, if the obtained chlorine dioxide aqueous
solution is 15 sealed and stored in a cold dark place, the concentration of chlorine dioxide becomes
very stable, so that this can be used in various situations as a pure aqueous chlorine dioxide solution
free from chlorine dioxide ions or activating agents, or the like. 20[00851 [Other Embodiments] In
the foregoing&modiment;stkeraivasdxdraplifidit a chsenwheraid aguaois sodivo ehiatitéosolution
was seale(%ligﬁgdgaglg%gmpoule 20 and an acidic substance was contained in a porous material as
a solid acidic composition. However, the invention is not limited to this embodiment. 25 Instead, an
agueous solution of an acidic substance may be sealed inside the glass ampoule 20 as an enclosure
and there Maghixtriaéd pdolabdityrite composition comprised of a porous material carrying chlorite
(sodium chiggigsjetepkandthe.popaings dedyL2Hnawstoss herain-he seligisblgdte campasition and

the aqueous solution of the acidi¢.substance upder a non-contact condition from each other. Industrial
Applicability Bl6E88n &tﬁnﬁﬁq\%ﬁﬁ&?ﬁﬁ PRE8eErAE Ot BRNECER IS Y ERE Rt fo* Yenerating
chlorine diexidbgsashtsirmoagh reaction between a chlorite and an acidic substance. Description of

Reference Marks/Numerals 10[0087]10 chlorine dioxide generator 12container body 14gas discharge

port 185012kl SOMROHION.12394521p SIIg agton 1520enclosure

10 [0087] 10 chlorine dioxide generator
12 container body
14 gas discharge port

18 sohid acidic composition
19 aqueous chlorite solution
15 20 enclosure
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CLAIMS [Claim 1]A chlorine dioxide generator configured to generate 5chlorine dioxide gas through a
reaction between a chlorite and an acidic substance, the generator comprising: a container body
which is deformable in response to application of a force thereto from the outside; wherein the
container body includes a gas discharge port formed of a 10 gas-permeable, water-impermeable or
gas-permeable, water-permeation retardant member, the container body except for the gas discharge
port being sealed, thus having a water-impermeable construction; the container body contains therein
a solid acidic composition and an aqueous chlorite solution under a non-contact condition from each
other; 15the solid acidic composition comprisesg@ porgits material containing an acidic substance that
exhibits acidity when dissolved in water; the aqueous chlorite solution is sealed within an easily
breakable enclosure; and when the container body is deformed, the enclosure contained therein 20 is
broken to bring thel&deoud chlorité sdiltidnintdicsntacewitbrtitesatishégdicdompasitienatehereby

chlogne digxde-gas ingenerated %HQ&E‘?QB‘%%QM{%Q@%&E dischangad Vi ihe.gas diseharge port
to the outS|de8%£the co%;[alner boq%. 2(.}?)' laim. 2]A chlorine dioxide generator configured to generate
| 10

chlorine didxi ﬁggefh}; ﬁg%e%elreaa i &8Ha chlorite and an acidic substance, the generator

comprising:  a corieirieibaupadyictiiscdefsrihelviainbés jonsestoapplicatipp bEatforceftereto from

the outsides30uwhiesei desnianNgLady: includes a gas discharge port formed of a gas-permeable,
water-lmpermeablew%egas-pﬁ{meab}ie Wat%réﬁermeﬁtllgn retardant member, thqi r%gntalr}le(r) Pgdy except

g SOAIAH thy Vaté LHBH!

for the gas discharge p‘o?% eing sea gvllﬁﬁ a water- asberlﬁ]c fe"cBRS
10 gas-permeable, water-impermeable or gas-permeable, water-permeation

retardant member, the container body except for the gas discharge port being
sealed, thus having a water-impermeable construction;
the container body contains therein a solid acidic composition and an
aqueous chlorite solution under a non-contact condition from each other;
15 the solid acidic composition comprises a porous material containing an
acidic substance that exhibits acidity when dissolved in water;
the aqueous chlorite solution is sealed within an easily breakable
enclosure; and
when the container body is deformed, the enclosure contained therein
20 is broken to bring the aqueous chlorite solution into contact with the solid
acidic composition, whereby chlorine dioxide gas is generated and this chlorine
dioxide gas is discharged via the gas discharge port to the outside of the
container body.

25 [Claim 2] A chlorine dioxide generator configured to generate
chlorine dioxide gas through a reaction between a chlorite and an acidic
substance, the generator comprising:

a container body which is deformable in response to application of a
force thereto from the outside;

30 wherein the container body includes a gas discharge port formed of a
gas-permeable, water-impermeable or gas-permeable, water-permeation
retardant member, the container body except for the gas discharge port being
sealed, thus having a water-impermeable construction;

the container body contains therein a solid chlorite composition and an
35 aqueous solution of an acidic substance under a non-contact condition from

each other;
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the container body contains therein a solid chlorite composition and an 35aqueous solution of an
acidic substance under a non-contact condition from each other; the solid chlorite composition
comprises a porous material impregnated with an aqueous solution of chlorite; the aqueous
solution of acidic substance is sealed within an easily breakable enclosure; and when the container
body is deformed, the enclosure contained therein is broken to bring the aqueous acidic substance
solution into contact with the solid chlorite composition, whereby chlorine dioxide gas is generated and
this chlorine dioxidéhgaslsddiddheitgech wigdheigascdisghdsge peidtouhenatiside ohhe gontaiher body.
10 [Claim %}Iﬁleaq@Ig&i@goqig)éiglﬁggﬂqﬁa&rl&%gfding to claim 1 or 2, wherein the container body is

provided in the form of a flexible tuhe that can be flexed into an arcuate shape in response to
application of the exterASI46TLE. f%?@iﬁiﬁ‘\ g Tﬁ@%ﬁhﬁ?&%@é@é@%@r%&&%iﬁ&t@%@one of

claims 1-3 hwdrerein saidcheitices almstance comprises sulfuric acid and said chlorite comprises sodium

chlogjte or Dotassi%héﬁl%f@c@@éﬁﬂéﬂ%%@ﬁ%?o%%@,e&%nsﬁ%%@f&%q{%h%&‘%%é?f _
20claims 1-4, w ere|r£8srﬁld acm?;osubstance h ncentratlo(g of 30 wt.% or less and said chlorite

has a conc8mPsHai e 31t W"[&%‘ffﬁs@%ﬁb%ﬁ%ﬁﬁé LR YLARSIRSA S B fo any one
of  claimslids;vibeteireheppervos.nvaieriabis didposeddioselt gt ggsnkisehadger2bport than to
the enclosyrgelSiainndxiie shloringidiovide-aeprralos 36Gording 18£8l 6o the outside of
the container body.
10
[Claim 3] The chlorine dioxide generator according to claim 1 or 2,
wherein the container body is provided in the form of a flexible tube that can

be flexed into an arcuate shape in response to application of the external force.

15 [Claim 4] The chlorine dioxide generator according to any one of
claims 1-3, wherein said acidic substance comprises sulfuric acid and said

chlorite comprises sodium chlorite or potassium chlorite.

[Claim 5] The chlorine dioxide generator according to any one of
20 claims 1-4, wherein said acidic substance has a concentration of 30 wt.% or less

and said chlorite has a concentration from 0.1 to 30 wt.%.

[Claim 6] The chlorine dioxide generator according to any one of
claims 1-5, wherein the porous material is disposed closer to the gas discharge

25 port than to the enclosure.

[Claim 7] The chlorine dioxide generator according to claim 6,
wherein the generator further comprises an insulating member for insulating
the porous material and the enclosure from each other, the insulating member

30 having at least one hole portion and being disposed in such a manner as to be
capable of preventing displacement of the porous material toward the

enclosure.
[Claim 8] The chlorine dioxide generator according to claim 7,

35 wherein the container body includes a positioning means for setting movable

range of the insulating member.
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wherein the generator further comprises an insulating member for insulating the porous material and
the enclosure from each other, the insulating member 30 having at least one hole portion and being
disposed in such a manner as to be capable of preventing displacement of the porous material toward
the enclosure. [Claim 8]The chlorine dioxide generator according to claim 7, 35wherein the container
body includes a positioning means for setting movable range of the insulating member. [Claim 91A
method of producing chlorine dioxide comprising: a gas generating step for generating chlorine
dioxide gas by deforming the container body of the chlorine dioxide generator according to any one of

Sclaims 1-8; and écmlﬁy@mefgln%}%ﬁ%ﬁ%msaw%@mﬁ@ Lﬁ@ﬁi&@%&%ﬁéﬁg@ge port of the

container body under the above condition of ine dioXide gas generation so as o dissolve the
chlorine dioxide gefs #EcRERGERBAE RS HREPERE R B Wvateridg gas by deforming

the container body of the chlorine dioxide generator according to any one of
5 claims 1-8; and
a submerging step for submerging in water at least the gas discharge
port of the container body under the above condition of chlorine dioxide gas
generation so as to dissolve the chlorine dioxide gas discharged via the gas
discharge port in the water.
10
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