GLASS HAVI NG A PHOTOCATALYTI C ACTI ON Technical Field [0001] The
present invention relates to a photocatal yst material capabl e of
being sensitized to a light in a wide wavel ength range to deconpose a
hazar dous organi ¢ substance so that the substance is effectively

changed to be nonhazar fl r.fo i t

phot ocat al yst materi gLﬁsﬂﬁgﬁﬁﬁiﬁl%{)&@éﬂﬁgﬁggﬁ Mound Art

[ 0002] A photocatal ytic reaction is a reaction which proceeds due
to light irradiation wherein the reaction is caused only when high
ener gy i’i‘eﬁfﬂﬂ&di?@elﬁher eto, and, as photocatal yst materials, there
have been known so-cal |l ed sem conductor catal ysts, such as titanium
di oxi de, [@0g1¢ oxi de, cadm um sul fide, and tungsten oxide, and netal
conpl exes, such as a ruthenium bi pyridyl conplex. [0003] O these
mat eri al s, t Thamraserdiioxénd®ni reldtéetond photetathlyst anaderest lwhprbles obbemgt no
bi ol ogi cal toxicity, and therefore is widely used for various )
cheni cal sensstaeddas kgid 1m @ widghvavelength yangertordesamppemadiazaiions exganiag.

When this photocatalyst is irradiated wth a near_ ultraviolet |ight
at ar ouneHbERICA FP t@ﬁ%@ﬁ@%ﬁﬁ%%@ﬁ%ﬁﬂ%@@ﬁ@ Bi1be 2RBRAAEIER A% t o
be in th ond i.on band.t har.ge.,.sepaf: d ructure, so
Chat  hy i Hetel o thg @egpo o RIGS el ST RBIGHRE Bttt Che

t hus caused charged site and their strong oxidi zing action deconposes
an environnental pollutant, such as an organohal ogen conmpound and
NOx. [ 00B4dkground Artan air intake apparatus for a site of

sem conduct or production facilities, nmedical facilities, such as an
oper at i ng0008dm phar maceuticals production facilities, or foods
production facilities, or in an air exhaust apparatus for nuclear.
pover facil i fi Bwtocatalpporesctiords ¢ ppaghioptwhieh prespeds due s lighteirmidiation
filter) fornmed fromglass fibers is, used. [0005 .

) W errgn the reaction ?s causeg only when ﬁldgh énergy 118 applied thereto, and, as
photocatalyst materials, there have been known so-called semiconductor catalysts,
such as titanium dioxide, zinc oxide, cadmium sulfide, and tungsten oxide, and
metal complexes, such as a ruthenium bipyridyl complex.

[0003]

Of these materials, titanium dioxide 1s the most stable and exhibits almost no
biological toxicity, and therefore is widely used for various chemical reactions and
as a photocatalyst for environmental cleaning.

When this photocatalyst is irradiated with a near ultraviolet light at around
400 nm, electrons present in the filled band are excited to be in the conduction
band to cause a charge separated structure, so that hydroxide radicals or
superoxide anions are generated at the thus caused charged site and their strong
oxidizing action decomposes an environmental pollutant, such as an organohalogen
compound and NOx.

[0004]
In an air intake apparatus for a site of semiconductor production facilities,

medical facilities, such as an operating room, pharmaceuticals production facilities,



According to JIS, the HEPA filter is "an air filter having a particle
collection efficiency of 99.97% or nore with respect to the particles
having a particle dianeter of 0.3 ,u mat a rated air delivery, and
havi ng perfornmance such that the initial loss is 245 Pa or |ess".

In the HEPA filter, the filter portipon is generally packed with glass
fibers hakfaods &r teHgR daciligiesy of g ap i GRhaHh ApgaTaeS for pueleangows i o of
about 10% s0- t ha veral 2nS.d -mvaid re presemd Jdn t filter
ort1 on. Trgiss; £ HEVA BBy (T Ekloiel Saralie® A RE fifned B 2
particleg 7 particle dianeter of 0.3 # mor nore which

particl esb%?eépge(ge collected by the HEPA filter, a variety of liquid
or gaseo@gpgsigani c substances are present, and these substances
cannot be renoved by the HEPA filter. When the particles and the
| i ke whi ch caeomtdingetor ESptheddBY At fiieerHEP4 firIfiler havaghagatidieusileaidhe
site to which air is supplied, such hazardous substances are changed
to be noéffisieacylofi89.9€%ner more wath nespent to ihe particlasshayinghe paiticle nt ake

and exhayst a atus be conplicated and the cost increase. [Q007] In
many cas l,fne&?fg%rso-é ihd &t arrgpe&saérad@afrew’i Andhay g REfRITHGCe ﬁBCh-iﬂ‘fﬁAﬂ]'le

filter. . .. ass Shers nsist primarily of silicon dioxide, and
silicon lcﬁliltb%li?%s(? 1??45%%%38 material, has a | ow chem cal activity,

and hence ca . ihit: i ! nge
a hazardous glgggset gﬁ‘“@ ?gg%gﬂﬁglﬁﬁgﬁar oulg%eﬁ%gg%ﬂab&@%m?}#gﬁ%géf or
i mpar t i NEavifea CendteRbf G510 LYmt@ 188d ACHPacki®X AR dHbeht 16%3scsthap! e
material, there have been proposed sone nethods in which fine

parti cl esevetalsgnd hem godsard presshi ohthesfileer mlrtiost pure silicon

di oxide crystal, are treated with halogen acid, such as hydrofluoric
acid (HFJ0006¢o have a photocatal ytic ability. [0009]

W2005/ 089941, JP- A- %0&6-511175, . JP- A-2007- 098205, JP-A-2007-098206
and JP- A- 2007 IeH5HRAUSh @1rp HbRdetrmaiq thecPaBFIes thaving aparEfler i ne

AR X T O P e R A
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substances cannot be removed by the HEPA filter.

When the particles and the like which cannot be removed by the HEPA filter
are hazardous to the site to which air is supplied, such hazardous substances are
changed to be nonhazardous using another means, which causes the air intake and
exhaust apparatus be complicated and the cost increase.

[0007]

In many cases, glass fibers are used for filters including the HEPA filter.

Glass fibers consist primarily of silicon dioxide, and silicon dioxide is a stable
material, has a low chemical activity, and hence cannot be expected to exhibit a
catalytic action to change a hazardous substance to be nonhazardous.

[0008]
As a method for imparting the chemical activity to silicon dioxide which is a

stable material, there have been proposed some methods in which fine particles of

synthetic quartz, which is an almost pure silicon dioxide crystal, are treated with



JP- A- 2007- 098205 shows a photocatal yst material where natural quartz
or synthetic quartz is supported on a particul ate inorganic or
organic material. [0011] JP- A- 2004- 290747 and JP- A- 2004- 290748
show a photocatal yst nmaterial where quartz (silicon dioxide) glass in
a sheet form a particulate form a powdery form a block form or a

fibrous hepgen acidsrhasdysplbysivaadibiy etd bavem Photegatalytic @ity aci d,

hydr ochl m)(fg acid or hydrobromc acid. [0012] JP- A- 2007- 098206
shows a E (;cat al yst material where particulate silicon dioxide,

s used and 1TQZNHASAI RSB TR ODTSBYR, 1B Rp0pr oo
hydr of | ugid $p.AchSh7-30743810RYThE GRLIRRARALANGWS whiBD BAOSHRINr

mat eri al where nat ural Ica, syntheti¢ silica, fused quartz, silica
sol, or thehéfikquirtz, Pepipod beek afysal pasilicontikRlel (B108RMvRicAris Or gani ¢
material. [0013] JP- A- 2007- 098205 shows a photocatal yst materi al
wher e naingxpénsgeesmand stables ysechas a substdntezfor ditarsent dinxidef areftrepted with
particles are hal ogenation-treated with hydrofluoric acid. The
publ i cat hwfronerc agidvdine phot ocat al yst material supported on a
parti cul ﬁé(ﬁ&gnor ganic or organic material. [0014]

JP- A- 200%7* 206 shows a photocatal yst material where particul ate

0 YR AR R AR LB i

quartz or sitica“sol 15 Use n

hal ogenagyffetic &@ér&disvgt@?oﬂw bAfd é%?giib&la&cﬁlgr ang; or Jﬂé@ni@‘iﬁéﬂeﬁ?ﬁ i on

al so shovis the photoca yst mate supporte n & particul ate

i nor gani goari]organi c material. [0015] JP- A- 2007- 307430 shows a
phot ocat al yst material where fine particles of synthetic quartz are
support ed on]JR-Ap2004-290747 enidrjbr 4004-280748 steow @ pheteentafitst material where

quartz (silicon dioxide) glass in a sheet form, a particulate form, a powdery form, a
block form, or a fibrous form is used and halogenation-treated with hydrofluoric
acid, hydrochloric acid or hydrobromic acid.

[0012]

JP-A-2007-098206 shows a photocatalyst material where particulate silicon
dioxide, such as natural silica, synthetic silica, fused quartz or silica sol is used and
its fine particles are halogenation-treated with hydrofluoric acid.

The publication also shows a photocatalyst material where natural silica,
synthetic silica, fused quartz, silica sol, or the like is supported on a particulate
inorganic or organic material.

[0013]

JP-A-2007-098205 shows a photocatalyst matertal where natural quartz or
synthetic quartz is used and its fine particles are halogenation-treated with
hydrofluoric acid.

The publication also shows the photocatalyst material supported on a
particulate inorganic or organic material.

[0014]



Prior Art References [0016] Docunent 1: W?2005/089941 Docunent 2:
JP- A- 2004- 290747 Docunent 3: JP-A-2004-290748 Document 4:
JP- A-2006- 511175 Docunent 5: JP-A-2007-098205 Docunent 6:
JP- A-2007- 098206 Docunent 7: JP-A-2007-307430 Docunent 8:

JP- A-2007- 098205 Summary of the Invention Cbject of The | nventjon
[ 0017] | IPiA-2807-893 20 shiowst hphotagpinlystanpiasial whert amicalate silicon

[ [ . phot t al terial..[0018 It is ap object i
P ano iRy SH R Bt sTaciibetid anvattsed Ao Shen S st apd
the for fo. fi . I C P B - ohiect in this
appli caﬂtgrfli g gj.rag%@%?r #eaﬁ%ﬁ%%r%ggff%e%?d ‘():Vétlﬁarb'ldé&ﬂc')‘%%&sa:ar\cg a light other
than an ultrays ﬁﬁipﬁtﬁcﬁmls? %H&@ﬁ]:ha photo!:attzﬁlb& ﬁﬁt(%% ﬁpo‘gﬁé&tdf%if [0021]

application to obtain a filter havinhg a photocat
particulate inorganic or organic material.

[0015]
JP-A-2007-307430 shows a photocatalyst material where fine particles of

synthetic quartz are supported on a particulate inorganic or organic material.

Prior Art References

[0016]
Document 1: W(02005/089941
Document 2: JP-A-2004-290747
Document 3: JP-A-2004-290748
Document 4: JP-A-2006-511175
Document 5: JP-A-2007-098205
Document 6: JP-A-2007-098206
Document 7: JP-A-2007-307430
Document 8: JP-A-2007-098205

Summary of the Invention
Object of The Invention
[0017]

It is an object in this application to obtain an inexpensive photocatalyst

material.

[0018]

It is an object in this application to obtain a photocatalyst having a form other
than the form of fine particles.
[0019]



It is an object in this application to obtain an air intake and
exhaust apparatus using a filter having a photocatal ytic action.

Means [ 0022] The inventors have found that a photocatal ytic
action can be obtained froma material in which a silicon
di oxi de-containing material, including soda-linme glass, non-alkali

gl ass, and bék B3 plyegtendhissapplicationgg @vaipia Phatgertdystuspalie £E uging a
[ 0023] . .. The inventors haye found that a photocatal ytic action can
be obt ai HERF ?&8&5@“@3‘[ Bﬁ‘?aéﬂo\f‘?trpg%ﬁ‘i ch a silicon dioxide-containing
mat eri al ’Oéélﬂl udi ng soda-lime glass, non-al kali glass, and
borosi | i ga e glass is treated wth hydrofluoric acid. [0024]

T
i nventors hayeisf gugdedhatnd a(f;pﬁ&z&fb%tt%' dﬁtéd‘ﬁ PR OV a Bﬁot%@étﬁ{yﬁ%d
SI | al ,

froma material 1n which a i e-contal ning fmateri

he

i con di ox
i ncl udi ngetsgda-1i me gl ass, non-al kali gl ass, and borosilicate gl ass
is treated with hal ogen acid. [0025] The inventors have found
that a mh0@3llal in a sheet or fibrous formother than the form of
fine particles has a photocatalytic actiaon, based on the silicon

di oxi de- cont &% i avgohiegtanithis applicationsorphtain Paaientatia mthexloyshapnaraus

[ 0026] . The..j nventors ve found that a material in which
Sodar| | nEsig AUt SRS pIQEG T REEAON ol ane. 15 treated with
hydrof l uori c acid has a photocatalytic action. [0027] Accordi ng

to the above finding, the inventors provide arrangenents as nenti oned
bel oW.  Means

[0022]

The inventors have found that a photocatalytic action can be obtained from a
material in which a silicon dioxide-containing material, including soda-lime glass,
non-alkali glass, and borosilicate glass is treated with hydrofluoric acid.

[0023]

The inventors have found that a photocatalytic action can be obtained from a
material in which a silicon dioxide-containing material, including soda-lime glass,
non-alkali glass, and borosilicate glass is treated with hydrofluoric acid.

[0024]

The inventors have found that a photocatalytic action can be obtained from a
material in which a silicon dioxide-containing material, including soda-lime glass,
non-alkali glass, and borosilicate glass is treated with halogen acid.

[0025]

The inventors have found that a material in a sheet or fibrous form other
than the form of fine particles has a photocatalytic action, based on the silicon
dioxide-containing material which is not treated with halogen acid.

(00261
The mventors have found that a material in which soda-lime glass, such as

used in window glass, is treated with hydrofluoric acid has a photocatalytic action.



[ 0028] In this application, as neans for achieving the
above-nenti oned objects of the invention based on the finding, a
soda-linme glass material treated with hal ogen acid is provided as a
phot ocat al yst. [0029] In this application, the foll ow ng neans
are provided for achieving the objects. [0030] A phot ocat al yst
material [W8%3h is soda-1ime gl ass treated with hal ogen acid. [0031]
A phot ocat al yst terial which i.s glass fibers treated wi th hal ogen
acid. [ 0032] Accorthif 1q theahoxs HRgng. oA ProvdeaTrrRaB AP of ng
gl ass fiﬁﬁ%ﬁohéﬁﬁéﬁﬂfmjth hal ogen aci d. [0033] An air intake and
exhaust apparatus using a filter having a photocatal ytic action
conpri si pggsgda-1ime glass fibers treated with hal ogen acid. [0034]
Further specific arrangenents are as follows. [0035] (1) A

gl ass havi ng In theppkatiahyid means f@mchizvidy B oasmentidhad Bbjeetseof the

conmponent other than silicon dioxide is treated with hal ogen acid.
[ 0036] inventi(2 hasddeonytiestnding, mspda-lphe glhsa atgtialdreated wnthaltadogeni avid
to (1) above, wherein the glass containing a conmponent other than
si licon #iprevisledias asppioddiastyl ass. [ 0037]
[0029]
In this application, the following means are provided for achieving the objects.
[0030]
A photocatalyst material which is soda-lime glass treated with halogen acid.
[0031]
A photocatalyst material which i1s glass fibers treated with halogen acid.
[0032]
A filter having a photocatalytic action comprising glass fibers treated with
halogen acid.
[0033]
An air intake and exhaust apparatus using a filter having a photocatalytic
action comprising soda-lime glass fibers treated with halogen acid.
[0034]
Further specific arrangements are as follows.
[0035]
(1) A glass having a photocatalytic action in which glass contaming a
componernt other than silicon dioxide is treated with halogen acid.
[0036]
(2) The glass having a photocatalytic action according to (1) above, wherein
the glass containing a component other than silicon dioxide is soda-lime glass.
£0037]

(3) The glass having a photocatalytic action according to (1) above, wherein



(3) The gl ass having a photocatal ytic action according to (1) above,
wherein the glass containing a conponent other than silicon dioxide
is non-al kali glass. [0038] (4) The glass having a

phot ocatal ytic action according to (1) above, wherein the glass
contai ning a conponent other than silicon_dioxjde is borosilicate

gl ass. [ H63ghpss containjig) a sprapepest Ptherthag sdiconsivdds B gan-dkals glass
accordlng ](1) above, wherein the hal ogen acid is hydrofluoric

aci d. Qéﬁé (6) The glass having a photocatalytic action

S48, 10 49 1B O SRl Ly Y LSO o
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[ 0042] aving a photocatal ytic action according
to (1) abpd3d] wherein the glass is a particulate material. [0043]

(9) The glass having a photocatal ytic action according to (1) above,
wherein the ¢basEhé glass having aphetacatalyiic aqtoaattording tof ¢)) Theveyivdmsein
havi ng a photocatal ytic action according to (1) above, wherein the
gl ass i sthe Bileesn 16 %ﬁ hedrefvemc acid.

[0040]

(6) The glass having a photocatalytic action according to (1) above, wherein
the halogen acid i1s hydrochloric acid.
[0041]

(7) The glass having a photocatalytic action according to (1) above, wherein
the halogen acid is hydrobromic acid.
[0042]

(8) The glass having a photocatalytic action according to (1) above, wherein
the glass is a particulate material.
[0043]

(9) The glass having a photocatalytic action according to (1) above, wherein
the glass is a fibrous material.
[0044]

(9) The glass having a photocatalytic action according to (1) above, wherein
the glass is a sheet-form material.
[0045]

(10) A filter in which the glass containing a silicon dioxide component
treated with halogen acid is formed in a fibrous configuration.
[0046]

(11) An air intake and exhaust apparatus using a filter formed in a fibrous
configuration obtained by treating glass containing a silicon dioxide component with

a halogen acid.



[ 0045] (10) Afilter in which the glass containing a silicon

di oxi de conponent treated wth halogen acid is formed in a fibrous
configuration. [0046] (11) An air intake and exhaust apparatus
using a filter fornmed in a fibrous configuration obtained by treating
gl ass containing a silicon dioxide conmponent with a hal ogen aci d.
Advant ages of the Invention [0047] By the above-nenti oned neans, the

follow ng effects n .be qgbtai ned. [0048] The soda-line gl ass
treated Wi HASEOYSHEIBY M onposes an organic pol | utant when

i rradi atiﬁozl(?]th a light. [0049] From gl ass fibers treated with
hal ogen acid,” when form ng woven fabric or nonwoven fabric, a filter

having a photmc@fealbbve néttidned ngs bﬁe%fl@dvﬁ%%ﬁe&:&oé% be obtainkhe

soda-line glass plate treated wth hal ogen aci d deconposes an organi c
substancéodd®dn irradiated with an ultraviolet light or a visible
light. Further, the soda-line glass plate treated with hal ogen acid
exhi bits a The soda-lime glass treated with halogen acid decomposes an organic
pollutant when 1rradiated with a light.
[0049]
From glass fibers treated with halogen acid, when forming woven fabric or
nonwoven fabric, a filter having a photocatalytic action can be obtained.
[0050]
The soda-lime glass plate treated with halogen acid decomposes an organic
substance when irradiated with an ultraviolet light or a visible light.

Further, the soda-lime glass plate treated with halogen acid exhibits a

catalytic action even when the surface of the glass plate is smooth and transparent.

Mode for Carrying Out the Invention
[0051]

With respect to the measurement of photocatalytic action, the basic
photocatalytic action was measured by testing using methylene blue, and the
practical photocatalytic action was measured by decomposition testing for
acetaldehyde which is one of the substances causing a sick house syndrome.
[0052]

{Test using methylene blue>

The test was conducted as follows.

A sample was washed and dried, and then placed in aqueous methylene blue
solution and irradiated with an ultraviolet light having the wavelength of 300 to 400
nm from a black light for 24 hours, and, from the change in the absorbance with

respect to a light having a wavelength of 664 nm between the methylene blue



catal ytic action even when the surface of the glass plate is snooth
and transparent. Mde for Carrying Qut the Invention [0051] Wth
respect to the neasurenent of photocatal ytic action, the basic

phot ocatal ytic action was nmeasured by testing using nethyl ene bl ue,
and the practical_ photocatalytic action was_ neasured by deconposition

testing PefPreend aftercthederagiation, the fadisg gntie pbtha savegns aethylgas Alica

si ck hous ndr o 0052] <Test using nethyl ene blue> The test was
conduct eﬁ‘ﬁ‘é@&f &apﬁgz{r{nme& A sanpl e was washed and dried, and then

pl aced i PO(?S% eous net hyl ene blue solution and irradiated with an
ultraviole i ght having the wavel ength of 300 to 400 nm from a bl ack

light for 24phemes,thakdmpld BMten@uebadssiution Was paRkeaiRataek Mdch for 24
respect to a |ight having a wavel ength of 664 nm between the

met hyl enkolrkspend thef aiserpivn @mtibexf nidthylene dtlicadntorthe tshapleadns detettniredof
t he aqueous net hyl ene bl ue sol ution was determ ned. [0053]
Furt her, [80%d]sanpl e in the aqueous sol ution was placed in a dark

pl ace for 24 hours, and the. adsorption ratio_of nethylene b]ue onto
the sanpl e wi§ the PareRUSeWwIulIQspelsmethylenediue HBergWas used ape ObEHask by

e
nec ey ARkl e SR SR el 6 Q0507 Bl RADA
vol une 1@Qthyakate S((MWh]ﬁt3?4')38@%'@@H’ﬁak@%&'%ﬁﬂtaﬂﬂ%lﬁti@ﬂ vO[RM- 100 mL, so

concentration. [0055 The fading ratio was determ ned by placing
t he sanpthat the 2@ieolis gblutive hadtthl emeolfll venceaagemi. contained in a

pol ystyrene container and irradiating the reagent with an ul traviol et
| i ght hal®0»§la wavel ength of 300 to 400 nmfroma black light in a
dark room for_ 24 hours, and rreasuriqr)\gx/t he, change in the absorbance

with respect 186 fafing gafto was datpramred by elaewgtthe smpkainngl Bet 0l t he
et hyl enr%eg'ly She BIAE erggge% fcglrlt%in% din{j}if ]}J(ﬁ}rfstgzpeenei crorn?aqrilgft :in%il‘ra[ti?agf?lg]the
reagent with an ultraviolet light having a wavelength of 300 to 400 nm from a black
light in a dark room for 24 hours, and measuring the change in the absorbance with
respect to a light having the wavelength of 664 nm between the methylene blue
reagent before and after the irradiation.
[0056]
Based on the results of the measurement of absorbance, the fading ratio (%)
of the methylene blue reagent was determined by calculating using the
Lambert-Beer's equation as shown below, obtaining methylene blue reagent

decomposition ratio for the sample.
100 — Abs (24 h)/Abs (0 h) X 100 = Fading ratio (%).
Wherein Abs (24 h) is the absorbance ratio after the irradiation for 24 hours,

and

Abs (0 h) is the absorbance ratio before the irradiation.



Based on the results of the neasurenent of absorbance, the fading
ratio (% of the nethyl ene blue reagent was determ ned by cal cul ating
using the Lanbert-Beer's equation as shown bel ow, obtaining nethyl ene
bl ue reagent deconposition ratio for the sanple. 100 - Abs (24 h)/Abs
(0 h) x ioo = Fading ratio (% Wherein Abs (24 h) is the absorbance
rati o af t895%he irradiation for 24 hours, and Abs (0 h) is the

bsorb ig b he | di ation, 0057 Further, f
hecki ng. t he Hidirbelop chestiia Hic Hisaf of the absobabies. e sy BEis et
placed i,k E)Tagﬁériﬂf t 12 fof 1R, HAdnk %gs&gﬁgﬁ ?#i&gf%{)abf o (%
of nethylen ue onto e sanpl e ‘was ‘'measured, an e difference

(% bet vaRhiIBge HRA difo tRE Eé&nﬁl%%ﬂ@leﬁﬂ&e\/v;&,p%ﬂdoﬂhe rc,ﬁﬁér@ncm%ar bélﬁzvee.n

considered as a true catalytic action, s determ ned by cal cul ation.
[ 00581 <flesfadiig ratietzati deb ydsorgton it ivitiichnis Amshieeddhsle iptdecatalytic

deconposition test was conducted as foll ows. A sanpl e was washed
and dri eagticanavas deterpiinedly icalcalationet al dehyde at nbsphere in which the
concentrzti on was 5.0 ppmand the gas flowrate was 1.0 L/ mnute, and
i rradi at 6803t h an ul traviol et | i ght having the wavel ength of 300 to

400 f bl i ght, t th t of t al dehyd
decogrr)nosréﬁénﬁgqf%gﬁd#&ﬁ%dﬁ?@nﬁﬁcﬁ{%um eo?rrg;pbog diaggi ge Se%e?at ed
it ti it 00591
o Embodi mentd £ e SEAAIRATH AT Pls ARAIGT tfns,” P ass as a

phot ocat al ysip éfgileahsOfashbe afti¥eicdl hid theiUsthded B’ feedddmed-
Enbodi nent 1

atmosphere in which the concentration was 5.0 ppm and the gas flow rate was 1.0
L/minute, and irradiated with an ultraviolet light having the wavelength of 300 to
400 nm from a black light to measure the amount of acetaldehyde decomposed per
unit time and the amount of carbon dioxide generated per unit time due to the
decomposition of acetaldehyde.
[0059]

In Embodiments 1, 2, and 3, examples using noncrystalline glass as a

photocatalyst instead of the crystalline quartz are described.

Embodiment 1
[0060]
<{Soda-lime glass particles>

In Embodiment 1, an example using soda-lime glass particles as a
photocatalyst is described.

A sample 1 is obtained by immersing glass fibers formed from soda-lime
glass, which 1s generally used and has a basic composition, excluding the
components of which content is less than 1%, where SiO = is 71.9%, CaO is 7.8%,
Al20 s 15 1.7%, MgQ is 4.0%, and Na = O is 13.3%, in an agueous solution of

hydrofluoric acid having 10% concentration for 5 minutes, and washing the

- 10 -



[ 0060] <Soda-line glass particles> I n Enbodi nent 1, an exanple
usi ng soda-lime glass particles as a photocatal yst is descri bed.

A sanple 1 is obtained by imersing glass fibers forned from
soda-lime glass, which is generally used and has a basic conposition,
excl udi ng the conmponents of which content is |ess than 1% where Si O
2 is 71. Seylteniglags fbersjand drying themg and pylvenging;the drigdoglass dibres mto s
13.3% in_an, aqueous solution of h fluoric acid having 10%
concentrg"?ri%(ﬂ?sf I@WWL@S‘E}&%L&V% HHn‘t he resultant glass fibers
and dryi T@Q]élljem and pul verizing the dried glass fibers into
particles having a particle dianeter of 0.2 nm [0061] The thus
obt ai ned gl agheSAIPBLARR] $1ARELTAe MaslitenG96E At RiuRYh S RRBYIESe blue
solution, and irradiated with a visible Iight for 70 hours or pl aced
i n a dar kolptiew earfldrradldtdibwith.a WeibleBghtefor 70 dvtrsanplhesd inhe dirkdblng: for
rati o of nethylene blue between before and after the irradiated or

pl aced i 0 hhersdafr thesesdtant shmpte, thetelRig ratio of \wethyleas hdug betweehe
sanple 1 i ch treated, wth hydrofluoric acid, the fading ratio
of et hypgﬁ]]@ %ﬁﬁfst% eqpuggliated or plaged meldisedark masidetersinele 1, when
not treat@gi%jvith hydrofluoric acid, the fading ratio of nethyl ene

bl ue was [ 0063] As apparent fromthe above data, in the sanple 1

the soda-1i . j i | C:.ackd,
e soda |1 eyl spckev, Sl 1 gl ol PO AR e
hydr of | ugfing @6ibdf ndthylegs beicf ®ed u¥%. Embodi nent 2

With respect to the sample 1, when not treated with hydrofluoric acid, the

fading ratio of methylene blue was 22%.
[0063]

As apparent from the above data, in the sample 1 the soda-lime glass is,
when not treated with hydrofluoric acid, effective on the fading of methylene blue,

and when treated with hydrofluoric acid, further effective.

Embodiment 2
[0064]
<{Non-alkali glass>

A sample 2 is non-alkali glass having a basic composition, excluding the
components of which content is less than 1%, where SiO = is 55.0%, CaO is
23.0%, Al 2 O s 15 14.2%, and B = O 5 is 6.2%.
£0065]

With respect to the sample 2 which was treated with hydrofluoric acid, the
fading ratio of methylene blue was 42%.

With respect to the sample 2, when not treated with hydrofluoric acid, the
fading ratio of methylene blue was 16%.

[0066]
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[ 0064] <Non-al kali gl ass> A sample 2 is non-al kali glass having a
basi ¢ conposition, excluding the conmponents of which content is |ess
than 1% where SiO 2 is 55.0% CaOis 23.0% Al 2 0 3is 14.2% and B
2 03 is 6.2% [0065] Wth respect to the sanple 2 which was

treated with hydrofluaric acid, the fadjng ratio of nethylene blue
was 42% Apyappayeas deom theyahqye daganin dhe Sapler? tha nen-alkpl glags d%

hydr of l uoric acid, . the.fadi,ng ratio.of t hyl ene bl.ue S .16% [0066]
n appar SR pgead b yanhiene i kTR e 5 Bt Al ihklene Witeio
I's, when i | ' fective on the fading
of net hyjﬁ%&ﬁ&h&ﬁ&@%ﬁ%dﬂﬁﬁ%ﬁ ﬁ@a C;h%fdwggﬁﬁ%lg%q%?lﬁgbri c acid, further
effective. Enbodinent 3 [0067] <Borosilicate gl ass> A sanmple 3
is borosilicate glass having a basic conposition, excluding the
conponenEmbotlimdritch content is less than 1% where SO 2 is 33.0%

CaOis 6.8% A 203is 1.3% B203is 37.4% MOis 5.5% and Na
2 0 is 16008% [0068]

{Borosilicate glass>

A sample 3 1s borosilicate glass having a basic composition, excluding the
components of which content is less than 1%, where SiO 2 is 33.0%, CaO is 6.8%,
Al203 18 1.3%, B 2 O 5 is 37.4%, MgO is 5.5%, and Na » O is 16.0%.

[0068]

With respect to the sample 3 which was treated with hydrofluoric acid, the
fading ratio of methylene blue was 26%.

With respect to the sample 3, when not treated with hydrofluoric acid, the
fading ratio of methylene blue was 16%.

[0069]

As apparent from the above data, in the sample 3 the borosilicate glass is,

when not treated with hydrofluoric acid, effective on the discoloration ratio of

methylene blue, and when treated with hydrofluoric acid, further effective.

Embodiment 4
[0070]
<Glass fibers>

A photocatalyst using fibrous glass instead of the particulate glass is described.
[0071]
{Test using methylene blue>

The fading ratio using glass fibers was determined by placing 1 g of glass
fibers treated with hydrofluoric acid in 100 mL of the methylene blue reagent

contained 1n a quartz glass container, and irradiating the reagent with a visible light
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Wth respect to the sanple 3 which was treated with hydrofluoric
acid, the fading ratio of nethyl ene blue was 26% Wth respect to
the sanple 3, when not treated with hydrofluoric acid, the fading
rati o of nethylene blue was 16% [ 0069] As apparent fromthe
above data, in the sanple 3 the borosilicate glass is, when not
treated WORha Ayereseeridiaht fercedihownst ard measwing the diseekanes &t then ratio

f hyl bl d d, wit. dr. of i id, f h
of f oot vBCHRIEHE PIve o RO OB DTSR alceh fporute e e tuh of Py o
using fi Qéig o 888 4 sﬁ_ﬁ@&tﬂ%l the particulate glass is described.

es y

[0071] < usi ng net hyl ene ue> The fading ratio using glass
fibers wagg@gtermned by placing 1 g of glass fibers treated with
hydrofluoric acid in 100 nL of the nethylene blue reagent contai ned
in a quartz @assdonoht aicacltrentsid resultofaibsothahds the &gkt rasiot (%R of the
visible light froma fluorescent light for 24 hours, and measuring
t he absomsindenaoblueheagant wdsedesehined by aglentatmgtusingthesabove-shawhi ght
having the wavel ength of 664 nm before and after the irradiation.,
[0072] LambegidicerspaugionobiinBganmethylene lug reagens deegrarositigieratio

f adi ng rfxtig g/l?q f)f t he net hyl ene bl ue reagent was determ ned by
cal cul at Oﬁé fist Bet he above-shown Lanbert-Beer's equation, obtaining
a met hyl Fmgl?l ue reagent deconposition ratio for the sanple. [0073]

A sample 4 is obtained by immersing soda-lime glass fibers which are general
glass fibers comprised in soda-lime glass generally used, having a basic
composition, excluding the components of which content is less than 1%, where SiO
2 18 71.9%, CaQ is 7.8%, Al 2 O 5 1s 1.7%, MgO is 4.0%, and Na » O is 13.3%, in
the aqueous solution of hydrofluoric acid having the concentration of 0.05%, 0.1%,
0.5%, or 1% for 5 minutes, and washing the resultant glass fibers and drying them.
[0074]

With respect to the sample 4, the fading ratio of methylene blue of 12 to 23%
was obtamed.

With respect to the same soda-lime glass fibers which have not been

immersed in hydrofluoric acid, the fading ratio of methylene blue is 7%.

Embodiment 5
[0075]
{Glass plate>

A photocatalyst using sheet-formed glass instead of the particulate or fibrous
glass is described.

In Embodiment 5, an example using a glass plate of the above-mentioned
soda-lime glass i1s described.

[0076]
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A sanple 4 is obtained by i mersing soda-line glass fibers which are
general glass fibers conprised in soda-linme glass generally used,
havi ng a basi c conposition, excluding the conponents of which content
is less than 1% where SiO2 is 71.9% CaOis 7.8% Al 2 0 3 is 1.7%
MO is 4.0% andNa2 is 13.3% in the aqueous sol ution_of

hydr of | uor i ¢ Aaeeda-IHaG ighss e bawierhe shicknessrold, D5Y4vag cubgnte 390k 69

i s 0 B R
met hyl enﬁaﬁh%@ﬂfélreﬂtzcogﬁ gl%z(ﬁ : ﬁﬁhﬁ% eriods oAk aﬁﬁ@ﬁgﬁ “;aghéc{]ﬁnth

sane soda ass ers een i mterse

hydr of | ughtg a%ﬁ'cﬁiedtﬂ&eoﬂtﬁﬁ'é"&sf abddmeh. nethylene blue is 7%
Enbodi ment 5 [0075] <d ass pl ate> A phot ocat al yst usi ng

sheet - f or ned Witlassspetistesainplés bhte Jdawhich uk@tiee tast kp&timess Gleats] wih
descri bed. I n Enbodi nent 5, an exanple using a glass plate of the
above- nehydrofleoric add-sblutieng Ihamgukfferestcomedtratpmmr different pexiods of

soda-lime gl ass plate having the thi cd%bgss of 1 nm was cuS into 30 X
30 nm 2, LEEdor fee bigat r%%eihee@mgwaym tBe @dsorptigm rayI< %P ) ag the aci d

sol ution VI ng V&,)Lf ere ent rations for different periods of

time, an enéy éY and dried to obtain a test specinen.
Wth resF@q:ﬁto sanpl es 5 to 14 which are the test specinens treated
wi th hydro aori c acid solutions having different concentrations for

di fferent peripadgnpie 5iis8 sfp@&rﬂéﬂetréz[t@@tb?‘ﬁﬂﬁner%f&ﬁ ih E}f}'dﬁﬁllfo?fc'a@lcﬂ ving

the adsorption ratio (% , and the difféerence (%9 are shown bel ow.
[0077] the cohkentsaviyl of 5%ifer 8 Bp@tdsten treated by inmmersion in

hydrof l uori c acid having the concentration of 5% for 5 m nutes.

With respect to the sample 5, the fading ratio was 15%, the adsorption ratio
was 15%, and the difference was 0%.
[0078]

The sample 6 is a specimen treated by immersion in hydrofluoric acid having
the concentration of 10% for 5 minutes.

With respect to the sample 6, the fading ratio was 14%, the adsorption ratio
was 15%, and the difference was -1%.
[0079]

The sample 7 is a specimen treated by immersion in hydrofluoric acid having
the concentration of 1% for 5 minutes.

With respect to the sample 7, the fading ratio was 16%, the adsorption ratio
was 15%, and the difference was 1%.
[0080]

The sample 8 is a specimen treated by immersion in hydrofluoric acid having
the concentration of 10% for 10 minutes.

With respect to the sample 8, the fading ratio was 21%, the adsorption ratio

was 16%, and the difference was 5%.

[0081]
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Wth respect to the sanple 5, the fading ratio was 15% the

adsorption ratio was 15% and the difference was 0% [0078] The
sanple 6 is a specinen treated by imersion in hydrofluoric acid
havi ng the concentration of 10%for 5 m nutes. Wth respect to

the sanple 6, the fading ratio was 14% the adsorption ratio was 15%
and the diffdhensapad 1s pospepwopireated bynamenspinen hyidsofluogiseasidrbaving
treated % | nmer si on |€@$%c¥ Otg'l uoric acid having the concentration of
1% f or 5Uif FRpCeRtration o Peeplidt§Sy t he sanple 7, the fading ratio

1SS SRR Lo, A g b

hydr of | uggi e | ' tration of 10% for 10 m nutes.
Wth resg@%:?zl?% at ﬁgﬁésllgﬁn%ﬁ‘%ﬁ%,ﬁ?ﬂg%gadi ng rati o was 21% the

adsorpti pgogoati o was 16% and the difference was 5% [0081]

The sanple 9 is a specinen treated by imersion in hydrofluoric acid
havi ng t he cdbisentatiahivwas mide 08dheo fadmngmano) e adsorptitint fatippspktitest o
the sanple 9, the fading ratio was 19% the adsorption ratio was 14%
and t he differencenaathveespsok tojthesamples 5 to 9. As a result, it was found that the

sample 8 having the fading ratio of 21% and the adsorption ratio of 16% and the
sample 9 having the fading ratio of 19% and the adsorption ratio of 14% were useful.

For further checking the treatment conditions, samples 10 to 14 were
prepared under conditions of the hydrofluoric acid having the fixed concentration
(20%) and the time changed for immersion treatment. The measurement was
similarly performed with respect to the prepared samples.
[0083]

The sample 10 is a specimen treated by immersion in the hydrofluoric acid
for 15 minutes.

With respect to the sample 10, the fading ratio was 22%, the adsorption ratio
was 11%, and the difference was 11%.
[0084]

The sample 11 is a specimen treated by immersion in the hydrofluoric acid
for 15 minutes.

With respect to the sample 11, the fading ratio was 13%, the adsorption ratio
was 5%, and the difference was 8%.
[0085]

The sample 12 is a specimen treated by immersion in the hydrofluoric acid
for 15 minutes in the same manner as in the sample 7.

With respect to the sample 12, the fading ratio was 13%, which is the same
as in sample 7, but the adsorption ratio was as large as 11% and the difference was

2%.
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Observation was nade on the fading ratio, the adsorption ratio, and
these differences with respect to the sanples 5 to 9. As a result, it
was found that the sanple 8 having the fading ratio of 21% and the
adsorption ratio of 16% and the sanple 9 having the fading ratio of
19% and the adsorption ratio of 14% were useful. For further
checki ngEQ(Pl?eﬁ]treat ment conditions, sanples 10 to 14 were prepared

under conditigns of tﬁg.h%drof.l uori c a&bj}d.havi ng t.he fixed ..
concent r at i orl BEXFIPIE g 1% ASPEFTRENREAGE Y BMSTHDR R thA ﬁ'g@gt“ﬁﬁﬁta?ldThe
measur engnt pmlarly performed with respect to the prepared
sanpl es. o[r(?@‘é\@fnuscé@ The sanple 10 is a specinen treated by i mersion

i n the hydr ofg;uor.i i RN ; il 11 ; :
sanpl e 10, tmlﬂﬁg%jl@ﬁgﬁcgﬁeggavr%ge ggb/gfet gmg(%%rptl olr?%’gtﬁ iﬁtgdév\%gh?%%no
and t he ¢t Res, engaehwaiiferdfice WO, The sanple 11 is a specinen
treated by imersion in the hydrofluoric acid for 15 m nutes.

Wth respe@d7]to the sanple 11, the fading ratio was 13% the
adsorption ratio was 5% and the difference was 8% #0085] The
sanpl e 12 i sInthipsenpesiiony dheulddie nefhedrthatoe; samolte L gahbited ovater aci d
for 15 mnutes in,the sane ner as in the sanple 7. Wth
respect FPEARRCYs WSS Poes ?Oa{&‘? ﬁ}%&? £Gms 13% which is the same
as in sag@%lé?, but the adsorption ratio was as large as 11% and t he
differen s 2% [0086] The sanple 13 is a specinen treated by
imrersion in aﬁﬁﬁé L UQIhEni B Fayl as . " t
to the sanpl (’arth ?% e?{,ié%?%é?gﬁ%réﬁéd %g%ﬁ&{%ﬁlgﬁgdggﬁ)'&l on Pg]?;égg\%as
8% and fdrgodinidgeence was 7%

With respect to the sample 14, the fading ratio was as small as 2%, but the

adsorption ratio was 0%, and hence the difference was 2%.
[0089]

The samples 11 and 12 which had been treated under the same conditions
exhibited different adsorption ratios. Therefore, for the purpose of checking the
variation in the saniples treated under the same conditions, prepared samples 15 to
19 were treated under the same conditions of the concentration 20% and the time
for immersion treatment 15 minutes. On these samples 15 to 19, the fading ratio,
the adsorption ratio, and the difference are as below.

[0090]

With respect to the sample 15, the fading ratio was 22%, the adsorption ratio
was 11%, and the difference was 11%.
£0091]

With respect to the sample 16, the fading ratio was 13%, the adsorption ratio
was 5%, and the difference was 8%.

[0092]
With respect to the sample 17, the fading ratio was 13%, the adsorption ratio

was 11%, and the difference was 2%.
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[ 0087] In this connection, it should be noted that the sanple 13
exhi bited water repellency which is presuned to be a Lotus effect.

[ 0088] The sanple 14 is a specinen treated by imersion in the
hydrof l uoric acid for 30 m nutes. Wth respect to the sanple 14,
t he fading ratio was as small as 2% but the adsorption ratio was 0%
and hencéU8 difference was 2% [ 0089] The sanples 11 and 12

whi ch had beep. treated upder the_sa ndi tj.ons hibited different
adsor ption rgyp’itﬁé'?SpﬁﬁEF% ﬁmﬁ%ﬁgtﬂ&% Jéuo &asg?@,.ct%e@élswpgon ratio
vari atlo%ggt%?g’%gldstﬁg%g&eh egﬁ%g%gyénder t he sane conditions, prepared

sanpl es were trea r the same conditions of the
concentrqg?gzﬂ 20% and the tinme for inmersion treatnment 15 mnutes. On
t hese sanples 15 to 19, the fading ratio, the adsorption ratio, and

the differendiitiirespest hetteveanif®90] the fadibtatio eBE%, the ddBerptidRho
15, the fading ratio was 22% the adsorption ratio was 11% and the

di f f er enwes \8&s abtidthe [fehce was Wa.h respect to the sanple 16, the
fading ratio was 13% the adsorption ratio was 5% and the difference
was 8% [0 Wth respect to the sanple 17, the fading ratio

13% h rption ratio s 11% nd, t he .di fference S 2%
\[N8393]3 b 1 e’[%%ls‘g sl?ct)vlvso vanéa‘lac:n on these sa?np?es, but 1% 18 Iapparent t(ilat \é\ﬁe ’

above-shown samples have the catalytic action to decompose methylene blue.
[0096]
{Reference Example>

In order to compare with the catalytic action of the blue glass plate treated
with hydrofluoric acid, a comparative sample was prepared by applying titanium
dioxide onto a soda-lime glass substrate to form anatase type titanium dioxide.
With respect to the comparative sample, the fading ratio was 29%, the adsorption
ratio was 25%, and the difference was 4%.
[0097]
{Acetaldehyde decomposition test>

A sample 20 used in an acetaldehyde decomposition test is soda-lime glass
generally used, which is the same as used in embodiments 1 to 15, and which has a
basic composition, excluding the components of which content is less than 1%,
where Si0O = 1s 71.9%, CaO is 7.8%, Al = O s is 1.7%, MgO is 4.0%, and Na = O is
13.3%.
[0098]

The sample 20 is a specimen obtained by immersing soda-lime glass having
the thickness of 1 mm in hydrofluoric acid having the concentration of 20% for 15
minutes in the same manner as in the samples 10 to 12, and then washing the
resultant glass with water and drying it, and cutting the glass into 50 X 100 mm Z.
[0099]
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Wth respect to the sanple 18, the fading ratio was 8% the
adsorption ratio was 6% and the difference was 2% [0094] Wth
respect to the sanple 19, the fading ratio was 8% the adsorption
ratio was 8% and the di fference was 0% [ 0095] There shows

vari ation on_these sanpl e but it i s apparent that the above-shown
sanpl es have Wikl respest tf@ wonle R0 @eﬁ&mdﬁ@cwm@wf&n@ewse@ B66]
<Ref er ence

| d t | t
of 1 he bbbl TRages 198 ¢ mPLDETng e R fabe eHiC sEdIRE | vo

sanpl e a S

ol ass. subdi TareRRg Y ol %@23@%@%@% R %"‘fgﬁi&éprﬂw?%@?&%%i%
to the coppaiAkidéh 6RBRHEn didXaid BfloRgad 8%l 0 Was 29% the adsorption
ratio was 25% and the difference was 4% [0097] <Acetal dehyde

deconposi t i oAstapphrent fronf\tisantpive r2ults; eble sodalimaqgisalidehy demple 20 has
deconposition test is soda-line glass generally used, which is the
sane as apeattical erdipdd aetimswithtrospest taackteldebydenas a basi c
conp05|tt excl udi ng the conponents of which content is |ess than
1% wher &0 Od)2|s719% CaOis 7.8% Al 2 03is 1.7% MO is 4.0%

dNa22O0 098 d
by i mmer i ng TBHL 10 AETTALE MUk MAC ok HRde: HAen i cqnaions, 4
hydr of | j .
e Same impie 2" ey %It i SRRCERARSID AbalRit e sode b Eom! dle
resul t angarghlasd mg Hra\eﬁéted w@ﬂlda drsym@ﬁghﬁ haﬁﬁ%tt@%ﬁél@n%ﬂ%fﬂb@%é 710t 0

50 x 100 mMmm 2. [O h respect to e sanpl e t he anount
of acet ahsiehyder ﬂimems Mnmefrom Riitich bnailtn@dolet 98hichaiohddaoteindaied Hyhe
anount of carbon di oxi de generated per unit time was 1.38 FL
mol / hour3n ahthvidiet lkghdtdicdefoy dehouasm\Ad a resuly thedadmg tatioaofdl% veas
conversion to _carbon dioxide ratio was 5%
obtained.
As apparent from the above results, the soda-lime glass in the sample 20 has

a practical catalytic action with respect to acetaldehyde.

Industrial Applicability
[0101] _

The soda-lime glass treated with halogen acid exhibits a photocatalytic action
to decompose an organic substance when it is irradiated with a light.
[0102]

Differing from titanium dioxide which exhibits a catalytic action only when
irradiated with an ultraviolet light, the soda-lime glass treated with halogen acid
exhibits the catalytic action also when irradiated with a visible light, and thus is
extremely efficient and useful.

[0103]

When forming a woven or nonwoven fabric from the soda-lime glass fibers

treated with halogen acid, a filter having a photocatalytic action can be obtained.

[0104]

- 18 -



As apparent fromthe above results, the soda-linme glass in the sanple
20 has a practical catalytic action with respect to acetal dehyde.

[ 0100] Finally, for getting the nethylene blue fading under
general use conditions, a sanple 21 treated under the sane conditions
as those for the soda-line glass in the sanple 20 was irradiated with

a visible |idhe amintae ke { apigratup usinger Eléer7ivomaghirony fheaglass
fluorescent lanp, . fr ich ap.ultravialet.light had been renoved by
o £ 1 aUbRcT e Al achhis b n e M ich e reqEed epre
ratio of 4% ihged. As apparent fromthe above results, the
soda-lin%“ﬁ%%%%b%%h?%%ﬁggﬁﬁwg'20 has a practical catalytic action
with respggizjto acetal dehyde. Industrial Applicability [0101] The
soda-lime glass treated with hal ogen acid exhibits a photocatal ytic

action to dequenpdsliaie gagaphte Geletantehosen htidiascirtingdioahednvéntiona
light. [0102] Differing fromtitani um di oxi de which exhibits a
cat al yt i m et preserdrdppligdion, whiladi mtsmboth tahd dranspaneat;iexhdttsla ght , t he
soda-linme glass treated with hal ogen acid exhibits the catal ytic
action aPBBOGHENLIC AEtEEN B GRLOMROSE AN\ArEaTHe substepne when rrathaied gvith a
extrerreIP( efficient and useful. [0103] When form ng a woven or
nonwoven™bri c from the soda-1ime glass fibers treated with hal ogen
acid, a I@l{@gr havi ng a photocatal ytic action can be obtained. [0104]
The air e and exhaust apparatus using a filter formed fromthe

gl ass fibershkeghed ol ?1&1*9@.&5}96@ u8&d th bvﬁldb%@gted§s,iaﬂdftﬁg '15165 st ef{@'Tﬁ 2

are required to renove of gani c substances the rom

soda- | i nBlagd plate onh alieesikie datcentast wWhthhat egedecdaipds@afi@ienbge b%ahh;e
invention in the present application, while it is snoboth an

t r ans par poltutaex lebbiairs dain pg tand dha insidecswatick aan tdecomposepaskreamver gani ¢
substance when irradiated with a light. ) .
acetaldehyde which is a substance causing a sick house syndrome, oil smoke in a
kitchen, cigarette smoke, and the like, and thus the glass plate is useful for the
window material in buildings.
[0107]

Further, when used in window glass for a vehicle, such as an automobile, the
glass plate is expected to function to decompose and remove organic substances
contained in exhaust gas outside of the vehicle and various organic substances
inside of the vehicle.

[0108]

Furthermore, the glass plate also has a water repellent effect which is
presumed to be the Lotus effect, and hence is expected to exhibit a self-cleaning
effect due to the water repellent effect, and the glass plate is useful as window
glass for buildings in contact with outside air and window glass for transportation,
such as a vehicle.

[0109]

A photocatalytic action with respect to nitrogen oxide, though not measured

quantitatively, is qualitatively also recognized.
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[ 0106] The above gl ass plate can be used in w ndow gl ass, and
the surface of the glass plate on the side in contact with air can
deconpose and renove organic pollutants contained in air, and the

i nsi de surface can deconpose and renove acetal dehyde which is a
substance causing a sick house syndrone, oil snoke in a kitchen,
cigarette snoke, and the like, and thus the glass plate is useful for
the wi ndow.material in buildings. [0107] Further, when used in
wi ndow g @St or a vehicle, such as an autonobile, the glass plate is
expected to function to deconpose and renpbve organi ¢ substances
cont ai ned in exhaust gas outside of the vehicle and various organic

subst ances i p§i | - EYr : - 9S
Sybstances | LA Rind RENERkERe A3 Mharecton BUTHRARLEss LR RlAES
Lotus _ef EqfponehiGtiaNBan isHicBX PROGRY i tarhitalgkenaldld ¢! eani ng ef f ect
due to the water repellent effect, and the glass plate is useful as

w ndow gl ass for buildings in contact with outside air and w ndow
glass for transportation, such as a vehicle. [0109] A
phot ocat & yt ilheagadsdmvinig & phetopatalytic acipn a ngxp gkimt h ovhgiremothe
measured quantitatjvely, is qualitatively also recognized. dains
1. 4 assZHsy/ISRpda-lmmeeBESt al ytic action, characterized by being gl ass
contai ning a conponent other than silicon dioxide, treated with
hal ogen acid. 2. The glass having a photocatal ytic action accordi ng
to claimi, r gl J ={:1 T :
havi ng o phottedaryia el PAgebaaRRCaHio B ARz to phim L SutrEhne
gl ass i sghRedisAhdiRhlkalobRss. 4. The glass having a photocatal ytic
action according to claim1, wherein the glass is borosilicate gl ass.
5. The gl ass having a photocatal ytic action according to claima1,
wherein the hal ogen acid is hydrofluoric acid.

4.  The glass having a photocatalytic action according to claim 1, wherein the

glass is borosilicate glass.

5.  The glass having a photocatalytic action according to claim 1, wherein the

halogen acid is hydrofluoric acid.

6.  The glass having a photocatalytic action according to claim 1, wherein the

halogen acid is hydrochloric acid.

7.  The glass having a photocatalytic action according to claim 1, wherein the

halogen acid 1s hydrobromic acid.

8.  The glass having a photocatalytic action according to claim 1, wherein the

glass is a particulate material.

9.  The glass having a photocatalytic action according to claim 1, wherein the

glass is a fibrous material.
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6. The glass having a photocatal ytic action according to claim1,
wherein the hal ogen acid is hydrochloric acid. 7. The glass having a
phot ocat al ytic action according to claim1, wherein the hal ogen acid
is hydrobrom c acid. 8. The glass having a photocatal ytic action
according to claiml1l, wherein the glass is a particulate material.

9. The gl ass having a photocatal ytic action according to claima1,

bR A MG R o6 TN A g o T
sheet -fogg%%rgstgg%@%;foﬁb%@igﬂl ter which is formed froma fibrous

mat eri al I ne at1ng glass containing silicon dioxide with
hal ogen acid. 12. An air intake and exhaust apparatus using a filter
which is formed froma fibrous material obtained by treating gl ass
cont ai ni AY. siA fikenwlichxk dernvéd froimad G@ns agdtdrial obtained by treating glass

containing silicon dioxide with halogen acid.
12. An air intake and exhaust apparatus using a filter which is formed from a

fibrous material obtained by treating glass containing silicon dioxide with halogen

acid.
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