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(57) ABSTRACT 

Photocatalyst compositions may include a photocatalyst 
layer formed or disposed on the surface of a porous sub 
strate. A metal may be disposed on the photocatalyst layer. 
If the metal is present predominantly at the surface of the 
photocatalyst layer, the metal can be utilized efficiently for 
photocatalytic reactions. The photocatalyst composition 
may be preferably formed by disposing the photocatalyst 
layer on the surface of the porous substrate and depositing 
the metal predominantly on the surface of the photocatalyst 
layer. Photocatalytic ?lter devices may include these pho 
tocatalyst compositions. 

Qe % 
71 



Patent Application Publication Mar. 13, 2003 Sheet 1 0f 15 US 2003/0050196 A1 

FIG. 1 

1 7 

FIG. 2 



Patent Application Publication Mar. 13, 2003 Sheet 2 0f 15 US 2003/0050196 A1 

72 

1! 7 

FIG. 3 



Patent Application Publication Mar. 13, 2003 Sheet 3 0f 15 US 2003/0050196 A1 

FIG. 4 

FIG. 5 



Patent Application Publication Mar. 13, 2003 Sheet 4 0f 15 US 2003/0050196 A1 

FIG. 6 

7 FIG. 



Patent Application Publication Mar. 13, 2003 Sheet 5 0f 15 US 2003/0050196 A1 

um _ 

h1T 

v3 

03 



Patent Application Publication Mar. 13, 2003 Sheet 6 0f 15 US 2003/0050196 A1 

FIG. 9 



Patent Application Publication Mar. 13, 2003 Sheet 7 0f 15 US 2003/0050196 A1 

63 63 
I \ 

XI 

FIG. 10 

FIG. 11 



Patent Application Publication Mar. 13, 2003 Sheet 8 0f 15 US 2003/0050196 Al 

200 

FIG. 12 

250 
254 f 220 

1 22s 



Patent Application Publication Mar. 13, 2003 Sheet 9 0f 15 US 2003/0050196 A1 

250 



Patent Application Publication Mar. 13, 2003 Sheet 10 0f 15 US 2003/0050196 A1 

40 46 50 

43 49/ \\ 48 \ 
42 

FIG. 14 



Patent Application Publication Mar. 13, 2003 Sheet 11 0f 15 US 2003/0050196 A1 

Noz % 
OZ 

:EQEW gr?a?ou N 2 8mm - to 
.20 E62 mm a? ?sm 



Patent Application Publication Mar. 13, 2003 Sheet 12 0f 15 US 2003/0050196 A1 

3 .OE E5 DEF 
amp 2: 

H QEEQw zTi 1|... _ A ?aedw H 035mm 058E800 J . - 

.20 8E2 2 2m: #33 

No . md md 
+ 

325 qougqoomou NOm 

$5.5m wt?m NOw 



Patent Application Publication Mar. 13, 2003 Sheet 13 0f 15 US 2003/0050196 A1 

: .OE 3.5 0s; om cm 3 on 2 o 

- & i - _ o 

. Nd I to 

N 295% 

- g l md 

I 

i... .... liwiii: \. p 
II I III \ l 

H 206mm 9583800 N; 

.20 882 a 2% “E5 

coambnoouoo 53858 3:82 



Patent Application Publication Mar. 13, 2003 Sheet 14 0f 15 US 2003/0050196 A1 

94 

92 PRIOR ART 
90/2 

FIG. 18 

. PRIOR ART 



Patent Application Publication Mar. 13, 2003 Sheet 15 0f 15 US 2003/0050196 A1 

98 

PRIOR ART 

FIG. 20 



US 2003/0050196 A1 

PHOTOCATALYST COMPOSITIONS AND 
METHODS FOR MAKING THE SAME 

[0001] This application claims priority to Japanese Patent 
Application No. 2001-215910, ?led Jul. 11, 2002, the con 
tents of Which are hereby incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present teachings relate to compositions com 
prising a photocatalytic material (photocatalyst composi 
tion) and a metal and methods for making the same. Pho 
tocatalytic ?lter devices using these photocatalyst materials 
are also taught. 

[0004] 2. Description of the Related Art 

[0005] Metal oxides (e.g., semiconductor compounds) 
such as titanium dioxide generate electron-hole pairs (i.e., 
become polariZed) When energy is applied to the metal oxide 
in excess of the bandgap (e.g., 3.2 eV for an anatase crystal) 
of the metal oxide. These electron-hole pairs may be utiliZed 
to provide photocatalytic effects. For example, Japanese 
Laid-Open Patent Publication No. 2001-38218 describes a 
photocatalytic ?lter in Which a photocatalyst is disposed on 
the surface of a porous ceramic substrate. 

[0006] In addition, if a metal (e.g., silver) is disposed on 
a substance that is functioning as a photocatalyst (e.g., ?ne 
TiO 2 particles), photocatalytic efficiency can be increased. 
When the photocatalyst is polariZed, the electron-hole pairs 
may have very short lifetimes. In this case, the electron-hole 
pairs may recombine and disappear before oxidiZing or 
reducing an externally supplied substance. Thus, the photo 
catalyst may not exhibit photocatalytic activity. This disap 
pearance (i.e., the reduction in number of electrons and 
holes) has been a signi?cant factor in reducing the reaction 
ef?ciency of photocatalytic materials. 

[0007] HoWever, if a metal (e.g., silver) is disposed on the 
photocatalytic substance, the polariZation is stabiliZed and 
therefore, photocatalytic ef?ciency can be increased. For 
example, Japanese Laid-Open Patent Publication No. 
10-146531 describes a photocatalyst having ?ne metal par 
ticles in Which the photocatalytic ef?ciency (photocatalytic 
activity) Was improved by disposing ultra-?ne metal par 
ticles on the surfaces of the ?ne titanium dioxide particles. 
Further, Japanese Laid-Open Patent Publication No. 
10-33990 describes a silver-based catalyst in Which silver 
and/or a silver compound Was disposed on the surface of an 
alumina poWder or another inorganic oxide. In this publi 
cation, the photocatalyst includes a substrate or support 
(e.g., a honeycomb structure) made of a ceramic material 
that has been coated With a silver-based catalyst. 

[0008] As shoWn in FIG. 18, both the ?ne metal particle 
photocatalyst described in Japanese Laid-Open Patent Pub 
lication No. 10-146531 and the silver-based catalyst 
described in Japanese Laid-Open Patent Publication No. 
10-33990 include particles 90 that comprises metal particles 
94 (e.g., silver), Which have been uniformly deposited on 
substantially the entire surface of a photocatalytic particle 
92, Which is a semiconductor substance such as titanium 
dioxide. When a substrate or support (not shoWn) is coated 
With a slurry containing the metal-photocatalyst particles 90 

Mar. 13, 2003 

and then ?red, a coating layer 96 including the metal 
particles 94 is formed on the surface of the substrate, as 
shoWn in FIG. 19. 

[0009] HoWever, When the coating layer 96 is formed of 
such metal-photocatalyst particles 90, a substantial amount 
of the metal particles 94 are disposed betWeen adjacent 
photocatalytic particles 92, as shoWn in FIG. 19. Therefore, 
the strength of the coating layer 96 shoWn in FIG. 19 tends 
to be less than the strength of a photocatalytic layer 98 
formed of photocatalytic particles 92 that are free from 
metals, as shoWn in FIG. 20. Furthermore, the surface 
properties of the metal-photocatalyst particles 90 are very 
different from the surface properties of photocatalytic par 
ticles 92 that are free from the metal. Therefore suf?cient 
consideration should be given to the conditions under Which 
the coating layer 96 is formed in vieW of the type of metal 
particles 94 and the amount of the metal that is disposed on 
the photocatalytic particle 92. 

[0010] In addition, the coating layer 96 contains metal 
particles 94 that are substantially uniformly disposed 
throughout the layer (i.e., both on the surface of the coating 
layer 96 and Within the interior portion of the coating layer 
96). HoWever, under ordinary conditions for use, suf?cient 
light can not reach the interior portion of the coating layer 
96 in order to suf?ciently activate the photocatalyst material. 
Therefore, the metal particles 94 that are disposed Within the 
interior portion cannot effectively be utiliZed for photocata 
lytic purposes. In other Words, the amount of the metal 94 
that can be used to increase the photocatalytic activity of the 
photocatalyst particles 92 may be signi?cantly less than the 
total amount of metal 94. Thus, metal utiliZation ef?ciency 
is loW in the knoWn photocatalytic compositions. 

SUMMARY OF THE INVENTION 

[0011] It is, accordingly, one object of the present teach 
ings to provide photocatalyst compositions in Which a 
photocatalyst and a metal are disposed on a substrate or 
support in a manner that enables the metal to be ef?ciently 
utiliZed. It is another object of the present teachings to 
provide photocatalytic ?lter devices that include such pho 
tocatalyst compositions. It is yet another object of the 
present teachings to provide methods for making the pho 
tocatalyst compositions. 

[0012] In one aspect of the present teachings, photocata 
lyst compositions may include a porous substrate A photo 
catalyst layer may be disposed or formed on the surface of 
the porous substrate and the photocatalyst layer preferably 
substantially comprises a photocatalytic substance. Metal or 
metal particles are disposed predominantly on the surface of 
the photocatalyst layer. 

[0013] Preferably, most or all the metal (metal particles) is 
present at a position Within the photocatalyst layer that 
exhibits the strongest photocatalytic activity (e.g., the sur 
face of the photocatalyst layer). In other Words, most of the 
metal is disposed at a position that can improve or increase 
the photocatalytic activity of the photocatalyst material. As 
a result, the metal included in the photocatalyst composition 
can be effectively utiliZed. 

[0014] In the present speci?cation, the term “porous sub 
strate” is intended to mean a substrate having pores or hole 
through Which a ?uid can pass, e.g., at atmospheric pressure 
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or at a pressure higher than atmospheric pressure. For 
example, preferred porous substrates may have a three 
dimensional structure, such as a honeycomb structure or a 
three-dimensional network. Particularly preferred porous 
substrates may have a three-dimensional network structure 
With pore siZes that alloW light to permeate into the interior 
portion of the three-dimensional netWork structure. 

[0015] Further, in the present speci?cation, the term “hard 
porous substrate” is intended to mean a substrate that does 
not signi?cantly deform (e.g., dissolve, expand, etc.) When 
the porous substrate contacts an aqueous solvent, such as 
Water or a mixed solvent based on Water, and substantially 
maintains the three-dimensional structure of the porous 
substrate in an aqueous environment. For example, ceramics 
having a three-dimensional netWork structure may be advan 
tageously utiliZed as hard porous substrates. 

[0016] In a representative embodiment of the present 
teachings, at least one metal (metal particles) of the photo 
catalyst composition may be selected from the group con 
sisting of silver (Ag), gold (Au), platinum (Pt), palladium 
(Pd), ruthenium (Ru), rhodium (Rh), copper (Cu) and nickel 
(Ni). If one of these metals is disposed on the photocatalyst 
layer, the photocatalytic activity (ef?ciency) of the photo 
catalyst composition may be increased as compared to 
photocatalyst compositions that do not include such metals. 
The metal is preferably disposed on the photocatalyst layer 
in the form of ?ne metal particles having an average particle 
siZe of 100 nm or less. Such metal particles may signi? 
cantly increase the photocatalytic ef?ciency (photocatalytic 
activity) of the photocatalyst material. 

[0017] Optionally, photocatalyst compositions of the 
present teachings may exhibit a light transmissivity of at 
least 10% When the porous substrate (e.g., a substantially 
plate-shaped porous material) has a thickness of 5 mm. In 
photocatalyst compositions exhibiting such light transmis 
sion properties, suf?cient light can permeate into (can be 
transmitted through) the pores of the porous substrate in 
order to efficiently utiliZe the metal that is present predomi 
nantly on the photocatalyst layer Within the interior portion 
of the pores of the porous substrate, as Well as at the surface 
of the photocatalyst layer. 

[0018] In another aspect of the present teachings, photo 
catalytic ?lter devices are taught that may include at least 
one of the above-described photocatalyst compositions as a 
primary photocatalyst material. The present photocatalytic 
?lter devices may be advantageously utiliZed, e.g., to purify 
a ?uid by causing the ?uid (e.g., a gas, such as air, or a 
liquid, such as Water) to How through the photocatalyst 
composition (?lter portion). For example, organic sub 
stances may be removed from the ?uid by decomposing the 
organic substances utiliZing the photocatalytic effects of the 
photocatalyst composition. 

[0019] In another aspect of the present teachings, methods 
are taught for making the above-described photocatalyst 
compositions. In one representative method, a porous sub 
strate may be prepared (or purchased). Then, a photocatalyst 
layer made substantially of a photocatalytic material may be 
disposed or formed on the surface of the porous substrate. 
Thereafter, a metal (metal particles) may be disposed on the 
photocatalyst layer such that the metal is present predomi 
nantly at a surface of the photocatalyst layer. The metal (or 
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a combination of metals) is preferably selected so as to 
increase or improve the photocatalytic activity of the pho 
tocatalyst material. 

[0020] In one representative embodiment, a photocatalyst 
layer containing a photocatalytic substance (e. g., TiO2, ZnO, 
WO3, Cu2O or a similar semiconductor compound) is dis 
posed or formed on the surface of the porous substrate. 
Then, the metal is disposed on the surface of the photocata 
lyst layer. This representative method enables the metal to be 
disposed predominantly at the surface of the photocatalyst 
layer. 
[0021] By disposed or depositing the metal on the surface 
of the photocatalyst layer after the photocatalyst layer has 
been formed from a photocatalytic substance (e.g., titanium 
dioxide), a denser photocatalyst layer can be formed as 
compared to knoWn photocatalyst layers formed from an 
aggregate of metal-carrying particles. Thus, the photocata 
lyst layer of the present photocatalyst composition has 
excellent mechanical strength. 

[0022] Optionally, the metal may be disposed or deposited 
on the photocatalyst layer by contacting the photocatalyst 
layer With a solution containing the metal and then irradi 
ating the photocatalyst layer using light having a Wavelength 
that can activate the photocatalytic substance. When light 
irradiation is performed in this manner, the metal (typically 
metal ions) in the solution is reduced by the photocatalyst 
effect of the photocatalytic substance contained in the pho 
tocatalyst layer. As a result, the reduced metal Will be 
deposited on the surface of the photocatalyst layer. Accord 
ingly, the metal disposed on the photocatalyst layer is 
present predominantly at the surface of the photocatalyst 
layer. As noted above, the predominantly present metal is 
preferably selected from at least one of Ag, Au, Pt, Pd, Ru, 
Rh, Cu and/or Ni. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is a schematic vieW shoWing a representa 
tive structure of a ceramic substrate. 

[0024] FIG. 2 is a cross-sectional vieW taken along line 
11-11 shoWn in FIG. 1. 

[0025] FIG. 3 is a schematic vieW shoWing the structure 
of a ceramic substrate that includes ceramic particles. 

[0026] FIG. 4 is a cross-sectional vieW taken along line 
IV-IV shoWn in FIG. 3. 

[0027] FIG. 5 is a schematic cross-sectional vieW shoWing 
a structure in Which a photocatalyst layer is formed on the 
surface of the ceramic substrate shoWn in FIG. 2. 

[0028] FIG. 6 is a schematic cross-sectional vieW shoWing 
a structure in Which a photocatalyst layer is formed on the 
surface of the ceramic substrate shoWn in FIG. 4. 

[0029] FIG. 7 is a schematic cross-sectional vieW shoWing 
a photocatalyst composition in Which metal particles are 
present predominantly at the surface of a photocatalyst layer. 

[0030] FIG. 8 shoWs a representative gas treatment appa 
ratus. 

[0031] FIG. 9 is a perspective vieW shoWing a photocata 
lytic ?lter that may be utiliZed as one component of the gas 
treatment apparatus shoWn in FIG. 8. 
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[0032] FIG. 10 is a plan vieW showing a photocatalyst 
module that may be utilized as one component of the gas 
treatment apparatus shoWn in FIG. 8. 

[0033] FIG. 11 is a cross-sectional vieW taken along line 
XI shoWn in FIG. 10. 

[0034] FIG. 12 shoWs a representative Water treatment 
apparatus. 

[0035] FIG. 13 is a perspective vieW shoWing a represen 
tative photocatalyst unit that may be utiliZed With the Water 
treatment apparatus of FIG. 12. 

[0036] FIG. 14 is a schematic cross-sectional vieW shoW 
ing a photocatalyst treatment device that Was used to evalu 
ate the performance of photocatalyst compositions accord 
ing to the present teachings. 

[0037] FIG. 15 is a graph shoWing temporal changes in 
NO and NO2 concentration of a discharged gas according to 
Example 3. 

[0038] FIG. 16 is a graph shoWing temporal changes in 
SO2 concentration of a discharged gas according to Example 
4 

[0039] FIG. 17 is a graph shoWing temporal changes in 
methyl mercaptan concentration of a discharged gas accord 
ing to Example 5. 

[0040] FIG. 18 is a schematic cross-sectional vieW shoW 
ing the structure of a knoWn metal-carrying particle. 

[0041] FIG. 19 is a schematic cross-sectional vieW shoW 
ing a coating layer formed from knoWn metal-carrying 
particles. 

[0042] FIG. 20 is a schematic cross-sectional vieW shoW 
ing a photocatalyst layer formed of photocatalyst particles 
on Which a metal is not disposed. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0043] The porous substrate of the present photocatalyst 
compositions may comprise metal materials, inorganic 
materials and/or organic materials. The terms “porous sub 
strate” and “porous support” Will be utiliZed interchangeably 
throughout the present speci?cation and the intended mean 
ing of these tWo terms the same. If the photocatalyst 
composition Will be utiliZed in an aqueous medium or 
environment, the porous substrate preferably does not sig 
ni?cantly deform (e.g., dissolve, expand, etc.) When it 
contacts the aqueous medium. 

[0044] Representative porous substrates or supports 
include non-Woven or Woven fabrics made of inorganic 

?bers such as metal ?bers (stainless steel, aluminum, etc.), 
glass ?bers, carbon ?bers or the like, non-Woven or Woven 
fabrics made of resin ?bers (e.g., polyurethanes, polya 
mides, polyesters, or polyole?ns), foam substances made of 
such resin materials, and porous substances made of ceramic 
materials. If the porous substrate comprises or is substan 
tially made of an organic material, the substrate surface may 
preferably be coated With a material having loW photocata 
lyst reactivity, thereby serving as an undercoating layer, 
before forming the photocatalyst layer, Which Will be further 
described beloW. 
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[0045] Particularly preferred porous substrates include 
ceramics having a three-dimensional netWork structure 
(hereinafter “porous ceramic substrate”). The average diam 
eter of the backbone of such a ceramic material is preferably 
betWeen about 100-1000 pm. If the average diameter of the 
backbone of such porous ceramic substrates is at least 100 
pm (and more preferably at least 200 pm), the porous 
ceramic substrates Will have good manufacturing and han 
dling properties, because these porous ceramic substrates 
Will have suitable mechanical strength. HoWever, if the 
average diameter of the backbone is greater than 1000 pm, 
it becomes dif?cult to appropriately balance the light trans 
mission properties of the photocatalyst composition (Which 
includes the porous ceramic substrate) With the surface area 
per unit volume of the photocatalyst composition. 

[0046] A representative method for making appropriate 
porous ceramic substrates Will be described as folloWs. First, 
a ?ne ceramic poWder (e.g., one or tWo or more ?ne poWders 
comprising alumina, silica, mullite and the like can be used), 
a binder serving as a binding material (e.g., one or more of 
organic binders such as dextrin, methyl cellulose, polyvinyl 
alcohol or the like, or inorganic binders such as clay, sodium 
silicate or the like can be used) and optionally Water are 
mixed and stirred to prepare a slurry. This slurry serves as a 
precursor for forming the porous ceramic substrate. Then, 
the slurry is impregnated into an organic porous substance 
(e.g., a polyurethane foam substance) having a three-dimen 
sional netWork structure. Thereafter, the slurry is dried and 
?red so that the organic porous substance is decomposed and 
the resulting ?ne ceramic poWder is sintered. Thus, as shoWn 
in FIGS. 1 and 2, a porous ceramic substrate 71 having a 
three-dimensional structure comprising the sintered ?ne 
ceramic poWder is obtained. As shoWn in FIG. 2, a pore or 
hole 78 is formed at positions in Which the organic porous 
substance is decomposed. 

[0047] Optionally, the porous ceramic substrate may 
include ceramic particles that are disposed on the surface of 
the backbone. In this case, the porous ceramic substrate Will 
have a rough or uneven surface due to the ceramic particles. 
The rough surface may serve to anchor a photocatalyst layer, 
as Will be further described beloW. Further, the rough surface 
effectively increases the surface area of the porous ceramic 
substrate. Therefore, the amount of photocatalyst per unit 
volume can be increased. In addition, the rough surface Will 
increase the surface area per unit volume of the photocata 
lyst composition. For ceramic particles, an average particle 
diameter of at least 1 pm and at most 100 pm is preferable, 
and an average particle diameter of at least 10 pm and at 
most 50 pm is more preferable. An average particle diameter 
of less than 1 pm Will reduce the effect of increasing the 
roughness to the porous ceramic substrate. HoWever, if the 
average particle diameter is greater than 100 pm, it is 
dif?cult to stably dispose the ceramic particles on the surface 
of the porous ceramic substrate. 

[0048] Such porous ceramic substrate having ceramic par 
ticles disposed on the surface can be produced in the 
folloWing manner. An organic porous substance may be 
impregnated With the slurry according to the above-de 
scribed method for making a porous ceramic substrate. 
Then, ceramic particles (one or tWo or more particles 
comprising alumina, silica mullite and the like can be used) 
are scattered and attached to the organic porous substance 
that has been Wetted With the slurry. Thereafter, the ceramic 
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substrate is dried and ?red. As shown in FIGS. 3 and 4, 
porous ceramic substrate 71 may include ceramic particles 
72 that are disposed along the surface of backbone 77. In 
portions of FIG. 3, the representation of the ceramic par 
ticles 72 has been omitted so that the backbone 77 is exposed 
for purposes of illustration. 

[0049] The main component of the photocatalyst layer 
disposed on the surface (i.e., both the inner and outer 
surfaces of the pores of the structure) of the porous substrate 
preferably contains a material exhibiting photocatalyst 
activity (e.g., a metal oxide-based photocatalytic substance). 
Such photocatalyst materials may include one, tWo or more 
compounds, such as titanium oxide, tungsten oxide, Zinc 
oxide, vanadium oxide, Zirconium oxide and/or other metal 
oxides exhibiting photocatalyst activity. Titanium oxide is a 
particularly preferred material. Further, the photocatalyst 
layer can be formed by preparing a slurry containing ultra 
?ne particles of a photocatalytic material as the main com 
ponent and an organic or inorganic binder, impregnating a 
porous substrate With the slurry, and then drying and ?ring 
the porous substrate. 

[0050] FIG. 5 schematically shoWs a photocatalyst layer 
76 disposed or formed on the porous ceramic substrate 71 
shoWn in FIG. 2. FIG. 6 schematically shoWs a photocata 
lyst layer 76 disposed or formed on the porous ceramic 
substrate 71 shoWn in FIG. 4. 

[0051] As noted above, the porous substrate With the 
photocatalyst layer preferably transmits at least 10% of light 
through a thickness of 5 mm, more preferably transmits at 
least 20%, and even more preferably transmits at least 30%. 
Thus, the present photocatalyst compositions may exhibit a 
relatively high light transmissivity (e.g., light transmission 
of at least 10%, more preferably at least 20% and even more 
preferably at least 30%). There are no particular limitations 
regarding the upper limit of the light transmission. HoWever, 
if the light transmission is greater than 50%, handling ease 
of the substrate having a photocatalyst and/or the mechani 
cal strength retention may be disadvantageously decreased. 

[0052] As noted above, the metal (metal particles) dis 
posed on the photocatalyst layer may be one or a combina 
tion of tWo or more transition metals. Preferred examples 
include Ag, Au, Pt, Pd, Ru, Rh, Cu and Ni. Precious metals 
such as Au, Ag, Pt, and Pd are more preferable, and Ag is 
even more preferable. These metals can be disposed in a 
stable state for a long time, and their catalytic activity 
(performance of improving photocatalytic efficiency) can be 
maintained for a relatively long time. As a result, the 
performance of the photocatalyst composition (photocata 
lytic efficiency) can be maintained over a long time. 

[0053] Furthermore, metals exhibiting antimicrobial prop 
erties, such as Ag and Cu, may preferably be used in the 
present photocatalyst composition. If one or more such 
metals are utiliZed, the groWth of microorganisms can be 
suppressed on the surface of the photocatalyst composition 
even When the photocatalyst composition is not being irra 
diated (i.e., during the period When electron-hole pairs are 
not being generated and polariZation is not present). There 
fore, such photocatalyst compositions exhibiting high anti 
microbial properties can prevent microorganisms (e.g., bac 
teria) from groWing in or on the photocatalyst composition 
even Without continuously irradiating the photocatalyst 
composition. 
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[0054] As noted above, the metal or metal particles pref 
erably are substantially all disposed on the surface of the 
photocatalyst layer. Thus, at least 70 Wt % (more preferably 
at least 80 Wt % and even more preferably at least 95 Wt %) 
of the metal is present on and near the surface of the 
photocatalyst layer. More preferably, substantially all of the 
metal is present at the surface of the photocatalyst layer and 
substantially no metal is contained Within the interior por 
tion of the photocatalyst layer. Naturally, if metal is buried 
deep Within the interior portion, the amount of metal that 
does not contribute to the photocatalytic activity is less than 
the total amount of metal contained Within the photocatalytic 
composition. Thus, by disposing substantially all the metal 
in a position in Which the substantially all the metal con 
tributes to the photocatalytic activity of the photocatalytic 
composition, the utilization efficiency of the metal included 
in the photocatalyst composition can be high. 

[0055] The metal is preferably disposed on the photocata 
lyst layer in the form of metal particles. The average metal 
particle diameter is preferably 1000 nm or less, more pref 
erably 100 nm or less, and even more preferably 30 nm or 
less. When the average particle diameter is larger than 1000 
nm, the photocatalytic effects of the metal are reduced. 
There are no particular limitations regarding the loWer limit 
of the average diameter of a metal particle. HoWever, it is 
noted that metal particles having an average diameter of less 
than 1 nm are difficult to manufacture and utiliZe With 
current manufacturing techniques. 

[0056] At least 70% by number (more preferably at least 
80% and particularly preferably at least 95%) of the metal 
particles preferably are present at or near the surface of the 
photocatalyst layer. More preferably, substantially all of the 
metal particles are present at the surface of the photocatalyst 
layer (i.e., almost no metal particles are present Within the 
interior portion of the photocatalyst layer). The ratio (uneven 
distribution) of metal that is present at the surface of the 
photocatalyst layer and the average particle diameter of this 
metal can be easily and reliably investigated, e.g., by uti 
liZing an electron microscope, such as a TEM or a similar 
device. 

[0057] In another embodiment of the present teachings, 
the ratio of the amount of the metal disposed on the 
photocatalyst layer With respect to the amount of the pho 
tocatalytic substance contained Within the photocatalyst 
layer is preferably in the range from 0.001 Wt % to 20 Wt %, 
and more preferably in the range from 0.005 Wt % to 5 Wt 
%. When the content of the metal is less than these ranges, 
the photocatalytic activity is not signi?cantly increased or 
improved. On the other hand, When the content of the metal 
is higher than these ranges, the metal may re?ect or absorb 
the externally supplied light. As a result, the amount of light 
that reaches the photocatalyst layer may be reduced. In other 
Words, photocatalytic activity of the metal may be reduced 
or eliminated, if too much metal is utiliZed. Naturally, the 
amount of metal that is utiliZed is preferably minimiZed in 
order to reduce production costs of the photocatalyst mate 
rial. 

[0058] No particular restrictions are placed on the methods 
for disposing or depositing the metal on the surface of the 
photocatalyst layer. For example, the metal can be disposed 
predominantly at the surface of the photocatalyst layer using 
knoWn impregnation methods. In one representative, but not 
















