
GLASS HAVING A PHOTOCATALYTIC ACTION Technical Field [0001]      The
present invention relates to a photocatalyst material capable of
being sensitized to a light in a wide wavelength range to decompose a
hazardous organic substance so that the substance is effectively
changed to be nonhazardous, and a filter formed using the
photocatalyst material as the application thereof. Background Art
[0002]     A photocatalytic reaction is a reaction which proceeds due
to light irradiation wherein the reaction is caused only when high
energy is 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 is 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,  or foods
production facilities, or in an air exhaust apparatus for nuclear
power facilities, a HEPA filter (High Efficiency Particulate Air
filter) formed from glass fibers is used. [0005] 



According to JIS, the HEPA filter is "an air filter having a particle
collection efficiency of 99.97% or more with respect to the particles
having a particle diameter of 0.3 ,u m at a rated air delivery, and
having performance such that the initial loss is 245 Pa or less".
In the HEPA filter, the filter portion is generally packed with glass
fibers having a diameter of 1 to 10 # m or less at a packing ratio of
about 10% so that several tens it m voids are present in the filter
portion. [0006]      In the supplied/exhaust air, in addition to the
particles having a particle diameter of 0.3 # m or more which
particles are to be collected by the HEPA filter, a variety of liquid
or gaseous organic substances are present, and these 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  halogen acid, such as hydrofluoric
acid (HF) , to have a photocatalytic ability. [0009]
W02005/089941, JP-A-2006-511175, JP-A-2007-098205, JP-A-2007-098206
and JP-A-2007-307430 shows the photocatalytic ability in which fine
particles of synthetic quartz, being a pure crystal of silicon
dioxide (Si02) , which is inexpensive and stable, used as a
substitute for titanium dioxide, are treated with hydrofluoric acid
(HF) . [0010] 



JP-A-2007-098205 shows a photocatalyst material where natural quartz
or synthetic quartz is supported on a particulate inorganic or
organic material. [0011]     JP-A-2004-290747 and JP-A-2004-290748
show a photocatalyst 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 material
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]
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 the photocatalyst material supported on a 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: W02005/089941 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 a photocatalyst capable of using a light other
than an ultraviolet light. [0020]      It is an object in this
application to obtain a filter having a photocatalytic action. [0021]



It is an object in this application to obtain an air intake and
exhaust apparatus using a filter having a photocatalytic action.
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.
[0026]     The inventors 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.  [0027]     According
to the above finding, the inventors provide arrangements as mentioned
below. 



[0028]     In this application, as means for achieving the
above-mentioned objects of the invention based on the finding, a
soda-lime glass material treated with halogen acid is provided as a
photocatalyst. [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 is 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 containing a
component 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  the glass containing a component other than silicon dioxide
is non-alkali glass. [0038]      (4) The glass having a
photocatalytic action according to (1) above, wherein the glass
containing a component other than silicon dioxide is borosilicate
glass. [0039]       (5) The glass having a photocatalytic action
according to (1) above, wherein the halogen acid is hydrofluoric
acid. [0040]       (6) The glass having a photocatalytic action
according to (1) above, wherein the halogen acid is 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.
Advantages of the Invention [0047] By the above-mentioned means, the
following effects can be obtained. [0048]      The soda-lime glass
treated with halogen acid decomposes an organic pollutant when
irradiated 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  before and after the irradiation, the fading ratio of
the aqueous methylene blue solution was determined. [0053]
Further, the sample in the aqueous solution was placed in a dark
place for 24 hours, and the adsorption ratio of methylene blue onto
the sample was determined. [0054]      As the aqueous solution of
methylene blue, there was used one obtained by adding 495 mL of
purified water to 5 mL of the aqueous methylene blue solution, which
had been obtained by adding purified water to 0.0374 g of methylene
blue trihydrate (MW = 374) so as to make the resultant solution
volume 100 mL, so that the aqueous solution had 0.01 mmoVL
concentration. [0055]      The fading ratio was determined by placing
the sample in 20 mL of the methylene blue reagent contained in a
polystyrene container and irradiating 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.  [0057]      Further, for
checking the change of the absorbance, the sample in the reagent was
placed in the dark place for 24 hours, and the adsorption ratio (%)
of methylene blue onto the sample was measured, and the difference
(%) between the fading ratio and the adsorption ratio, which is
considered as a true catalytic action, was determined by calculation.
[00581 <Test of acetaldehyde decomposition> An acetaldehyde
decomposition test was conducted as follows.      A sample was washed
and dried, and then placed in an acetaldehyde 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. [00591
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 is generally used and has a basic composition,
excluding the components of which content is less than 1%, where SiO
2 is 71.9%, CaO is 7.8%, Al 2 0 3 is 1.7%, MgO is 4.0%, and Na 2 0 is
13.3%, in an aqueous solution of hydrofluoric acid having 10%
concentration for 5 minutes, and washing the  resultant glass fibers
and drying them, and pulverizing the dried glass fibers into
particles having a particle diameter of 0.2 mm. [0061]      The thus
obtained glass sample was immersed in the aqueous methylene blue
solution, and irradiated with a visible light for 70 hours or placed
in a dark place for 70 hours. On the resultant sample, the fading
ratio of methylene blue between before and after the irradiated or
placed in the dark was determined. [0062]      With respect to the
sample 1 which was treated with hydrofluoric acid, the fading ratio
of methylene blue was 42%.      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 2 is 55.0%, CaO is 23.0%, Al 2 0 3 is 14.2%, and B
2 0 3 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]
As apparent from the above data, in the sample 2 the non-alkali glass
is, when not treated with hydrofluoric acid, effective on the fading
of methylene blue, and when treated with hydrofluoric acid, further
effective. Embodiment 3 [0067] <Borosilicate glass>      A sample 3
is 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%, Al 2 0 3 is 1.3%, B 2 0 3 is 37.4%, MgO is 5.5%, and Na
2 0 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
in a quartz glass container, and irradiating the reagent with a
visible light  from a fluorescent light for 24 hours, and measuring
the absorbance of the methylene blue reagent with respect to a light
having the wavelength of 664 nm before and after the irradiation.
[0072]      Based on the measurement results of absorbance, the
fading ratio (%) of the methylene blue reagent was determined by
calculating using the above-shown Lambert-Beer's equation, obtaining
a methylene blue reagent decomposition ratio for the sample. [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 is 71.9%, CaO is 7.8%, Al 2 0 3 is 1.7%,
MgO is 4.0%, and Na 2 0 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 obtained.     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 is described. [0076]        A
soda-lime glass plate having the thickness of 1 mm was cut into 30 x
30 mm 2, and the cut sheet each was immersed in the hydrofluoric acid
solution having different concentrations for different periods of
time, and then washed with water and dried to obtain a test specimen.
With respect to samples 5 to 14 which are the test specimens treated
with hydrofluoric acid solutions having different concentrations for
different periods of time for the treatment, the fading ratio (%),
the adsorption ratio (%) , and the difference (%) are shown below.
[0077]      The sample 5 is a specimen treated by immersion in
hydrofluoric acid having the concentration of 5% for 5 minutes. 



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]
The sample 9 is a specimen treated by immersion in hydrofluoric acid
having the concentration of 20% for 5 minutes.     With respect to
the sample 9, the fading ratio was 19%, the adsorption ratio was 14%,
and the difference was 5%. [0082] 



Observation was made on the fading ratio, the adsorption ratio, and
these differences with respect to the samples 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%.  [0086]     The sample 13 is a specimen treated by
immersion in the hydrofluoric acid for 20 minutes.     With respect
to the sample 13, the fading ratio was 15%, the adsorption ratio was
8%, and the difference was 7%. 



[0087]     In this connection, it should be noted that the sample 13
exhibited water repellency which is presumed to be a Lotus effect.
[0088]     The sample 14 is a specimen treated by immersion in the
hydrofluoric acid for 30 minutes.     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 samples 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%.
[0093] 



With respect to the sample 18, the fading ratio was 8%, the
adsorption ratio was 6%, and the difference was 2%. [0094]     With
respect to the sample 19, the fading ratio was 8%, the adsorption
ratio was 8%, and the difference was 0%. [0095]     There shows
variation on these samples, but it is apparent that the 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 SiO 2 is 71.9%, CaO is 7.8%, Al 2 0 3 is 1.7%, MgO is 4.0%,
and Na 2 0 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 2. [0099]      With respect to the sample 20, the amount
of acetaldehyde decomposed per unit time was 0.98 g mol/hour and the
amount of carbon dioxide generated per unit time was 1.38 FL
mol/hour, and the acetaldehyde removal ratio was 7.11% and the
conversion to carbon dioxide ratio was 5%. 



As apparent from the above results, the soda-lime glass in the sample
20 has a practical catalytic action with respect to acetaldehyde.
[0100]     Finally, for getting the methylene blue fading under
general use conditions, a sample 21 treated under the same conditions
as those for the soda-lime glass in the sample 20 was irradiated with
a visible light having the wavelength of 400 to 710 nm from a
fluorescent lamp, from which an ultraviolet light had been removed by
an ultraviolet light filter, for 6 hours. As a result, the fading
ratio of 4% was 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]
The air intake and exhaust apparatus using a filter formed from the
glass fibers treated with halogen acid is useful in facilities which
are required to remove organic substances therefrom. [0105]      The
soda-lime glass plate treated with halogen acid according to the
invention in the present application, while it is smooth and
transparent, exhibits a photocatalytic action to decompose an organic
substance when irradiated with a light. 



[0106]      The above glass plate can be used in window glass, and
the surface of the glass plate on the side in contact with air can
decompose and remove organic pollutants contained in air, and the
inside surface can decompose and remove 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.  Claims
1. Glass having a photocatalytic action, characterized by being glass
containing a component other than silicon dioxide, treated with
halogen acid.  2. The glass having a photocatalytic action according
to claim 1, wherein the glass is soda-lime glass.  3. The glass
having a photocatalytic action according to claim 1, wherein the
glass is non-alkali glass.  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
is 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.   10. The glass having a
photocatalytic action according to claim 1, wherein the glass is a
sheet-form material.  11. A filter which is formed from a fibrous
material 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. 


