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(57) ABSTRACT 

A chemical vapor deposition process for laying doWn a tin 
or titanium oxide coating on a glass substrate through the use 
of an organic oxygen-containing compound and the corre 
sponding metal tetrachloride. The organic oxygen com 
pound is preferably an ester having an alkyl group With a [3 
hydrogen in order to obtain a high deposition rate. The 
resulting article has a tin or titanium oxide coating Which can 
be of substantial thickness because of the high deposition 
rates attainable With the novel process, and, in the case of 
titanium oxide coating possesses a desirable refractive index 
greater than 2.4. The coating groWth rates resulting from the 
method of the present invention may be at least 130 A per 
second. 
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METHOD FOR DEPOSITING TIN OXIDE AND 
TITANIUM OXIDE COATINGS ON FLAT GLASS 

AND THE RESULTING COATED GLASS 

RELATED APPLICATION 

[0001] This application is a continuation of application 
Ser. No. 08/696,203 ?led Aug. 13, 1996, Which is hereby 
incorporated by reference. This application is claiming the 
bene?t under 35 U.S.C. §120 of said application Ser. No. 
08/696,203 ?led under 35 U.S.C. §111. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] This invention relates to a process for depositing 
titanium oxide and tin oxide coatings on a ?at glass sub 
strate, and the resulting coated glass. More particularly, this 
invention relates to a chemical vapour deposition process for 
producing titanium oxide and tin oxide coatings on ?at glass 
using a coating precursor gas mixture comprising the cor 
responding metal tetrachloride and an organic oxidant. 

[0004] 2. Summary of Related Art 

1. Field of the Invention 

[0005] Titanium oxide and tin oxide coatings have been 
proposed for use on glass containers, for example bottles, to 
improve the mechanical strength of the containers. It has 
also been proposed to use both titanium oxide and tin oxide 
coatings on ?at glass to modify the characteristics of the 
glass for architectural use; titanium oxide coatings deposited 
under vacuum (by reactive sputtering) are used as compo 
nents of sputtered multi-layer infrared re?ecting coatings, 
While tin oxide coatings are used, not only as layers of 
multi-layer sputtered coatings, but also deposited pyrolyti 
cally With a dopant as infrared re?ecting and/or electrocon 
ducting coatings. 
[0006] GB patent speci?cation 1,115,342 describes a pro 
cess for producing glass containers With good inherent 
strength and good abrasion resistance by spraying the con 
tainers, While still hot from the manufacturing process, With 
a solution or dispersion of stannic chloride (that is, tin 
tetrachloride) in an organic liquid, isopropyl alcohol being 
preferred. A small amount of titanium chloride may be 
incorporated as a modi?er. The liquid solution is fed to 
atomisers, Which may be of the pressure jet variety, located 
on either side of a tunnel over a conveyor for hot glass 
bottles to produce a ‘mist of liquid reagent’ so that a layer 
of liquid is formed on all the external surfaces of the bottles 
Where it reacts to form a layer of tin oxide. 

[0007] GB patent speci?cation 1,187,784 describes an 
improvement of the process described in GB patent speci 
?cation 1,115,342 and apparently more suitable for incor 
poration into a process for the automatic manufacture of 
glassWare Without interfering With the normal running of 
such process and Without requiring additional supervision. 
The speci?cation proposes to treat glass containers, at high 
temperature, With a liquid solution of an organic compound 
of tin “Which compound has properties such that upon 
application of heat it decomposes into tWo materials, one of 
Which is an organic compound of tin of high decomposition 
temperature Which reacts With the glass surface to produce 
a diffusion layer of tin oxide Within the glass surface, While 
the other is a volatile compound of tin such that a substantial 
proportion of vapour of said compound is produced, and 
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subjecting the containers to a heat treatment such that a 
reaction is caused to occur betWeen the glass at least the 
surfaces of the containers and the tin compounds”. The 
material used for treating the glass containers may be 
provided by reacting tin tetrachloride With organic sub 
stances containing carbonyl groups of moderate activity eg 
organic esters of ethyl, n-propyl, isopropyl, n-butyl and 
isobutyl alcohols With acetic, propionic and butyric acids. 
The resulting solution may be sprayed, in the presence of 
ambient atmosphere, on to the hot containers eg in the form 
of a ?ne mist after they leave the forming machine and 
before they enter the annealing lehr. GB patent speci?cation 
1 187 783 describes an analogous process to that described 
in 1 187 784 in Which an organic compound of titanium is 
sprayed on to the hot glass containers in place of the organic 
compound of tin. The organic titanium compound may be 
produced, in an analogous manner to the organic compound 
of tin, by reacting titanium tetrachloride With an organic 
ester e.g. n-butyl acetate. Again, the resulting solution is 
sprayed onto the glass in the ambient atmosphere on the 
container production line. 

[0008] It has also been proposed to use tin tetrachloride, 
applied either as a liquid spray or, more recently, in gaseous 
form, to apply a tin oxide coating to hot ?at glass to form an 
electroconductive, infra-red re?ecting coating on the hot 
glass surface; Water is used to hydrolyse the tin tetrachloride 
and as a source of oxygen for formation of the tin oxide. 

[0009] Processes involving use of the reactants in gaseous 
form (also called CVD or chemical vapour deposition pro 
cesses) have certain advantages over spray processes for 
coating ?at glass, especially When the reactants can be 
premixed before application to the glass. Unfortunately, tin 
tetrachloride reacts readily With Water so that previous 
proposals to use tin tetrachloride and Water vapour in 
gaseous form have usually involved supplying the gases 
separately to the glass surface and mixing them While in 
contact With the glass. 

[0010] GB patent speci?cation 2 044 137A relates to such 
a process in Which discrete laminar streams of each reactant 
are formed and projected on to a hot glass substrate by 
bringing the streams together in reciprocal tangential contact 
over the glass. Titanium tetrachloride may be used as one of 
the gaseous reactants, in place of the tin tetrachloride, in 
order to form a titanium oxide coating. The patent also 
suggests supplying hydrogen to one of the gas streams to 
attenuate the violent reaction betWeen the tin tetrachloride 
and the Water vapour. This may be done either by direct 
addition of gaseous hydrogen, or by the addition of metha 
nol, Which is said to react in situ to produce the desired 
gaseous hydrogen. 
[0011] GB patent speci?cation 2 026 454B describes a 
process in Which a coating chamber is positioned over a hot 
?oat glass ribbon as it advances from the ?oat bath and 
successive gaseous streams of (1) preheated nitrogen carrier 
gas, (2) tin tetrachloride entrained in preheated nitrogen and 
(3) air, Water vapour and hydro?uoric acid are introduced 
into the coating chamber so they ?oW along the glass 
substrate surface being coated as a substantially turbulence 
free layer. The patent speci?es the concentration of Water 
vapour and tin tetrachloride in the gaseous medium over the 
glass. 
[0012] European patent speci?cations 0 365 239B1 and 0 
376 240B1 describe a method and apparatus for depositing 
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a tin oxide coating on a hot glass ribbon. A ?rst gaseous 
stream of tin tetrachloride in preheated dry air is caused to 
?oW along the surface of the hot ribbon of glass advancing 
beneath a coating chamber, a second turbulent stream of 
hydro?uoric acid and steam introduced into the coating 
chambers at right angles to the plane of the glass and 
direction of ?oW of the ?rst gaseous stream, and the com 
bined ?rst and second gas streams draWn through the coating 
chamber over the glass under turbulent ?oW conditions. The 
method and apparatus may also be used to apply a coating 
of titanium oxide using titanium tetrachloride in place of the 
tin tetrachloride. 

[0013] US. Pat. No. 4,590,096 describes a process in 
Which a coating solution comprising a substantially solvent 
free mixture of an organotin chloride and a reactive organic 
?uorine compound soluble in or miscible With the organotin 
chloride is introduced to a preheated carrier gas stream 
Which contains su?icient Water vapour that the relative 
humidity of the gas stream at 18° C. is about 6% to about 
100%. The resulting gas stream is passed over a hot glass 
surface to deposit a ?uorine doped tin oxide coating on the 
hot glass. A Wide range of organotin compounds may be 
used, and the possibility of using tin tetrachloride is men 
tioned. Similarly, a Wide range of organic ?uorine com 
pounds, including oxygen containing compounds, for 
example tri?uoroacetic acid and ethyltri?uoroacetate, may 
be used. Some of the ?uorine-containing dopants have 
limited solubilities in the organotin compounds used, and an 
optional solubiliser may be used to increase the solubility of 
the ?uorine dopant on the organotin compound; acetic 
anhydride, ethyl acetate, hexane, methyl isobutyl ketone and 
butyraldehyde are listed as non-limiting examples of the 
solubilisers that may be used. HoWever, the US. patent, in 
common With the other patents utilising chemical vapour 
deposition methods to deposit a metal oxide from a gaseous 
metal tetrachloride, utilises Water vapour as the source of 
oxygen. 

[0014] US. Pat. No. 4,751,149 Vijaykumar et al is con 
cerned With deposition of Zinc oxide coatings by chemical 
vapour deposition at loW temperature (600 to 350° C., 
preferably 100° to 200° C.) on heat sensitive photoconductor 
substrates, and proposes to deposit the Zinc oxide coatings 
from an organoZinc compound and an oxidant, Which may 
be an oxygen containing organic compound e. g. an ester, and 
an inert carrier gas. Although the patent is not entirely clear, 
it apparently proposes to introduce separate streams of the 
organoZinc compound and oxidant into the deposition cham 
ber, and certainly there is no proposal to pre-mix these 
components together before delivery to the coating chamber. 

[0015] It Would be advantageous to provide a method for 
depositing tin or titanium oxide coatings by a CVD process 
applied to hot ?at glass using a premixture of the corre 
sponding metal tetrachloride as a loW cost reactant and a 
source of oxygen Without premature reaction betWeen the 
metal tetrachloride and oxygen source (previously Water) 
resulting in formation of metal oxide in the coating equip 
ment With consequent problems and ine?iciency. It Would be 
particularly advantageous if the method alloWed for depo 
sition of the coating at high rates. 

[0016] It is an object of the present invention to provide a 
method for obtaining tin and titanium oxide coatings on a 
substrate at high deposition rates. High deposition rates are 
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important When coating substrates in a manufacturing pro 
cess. This is particularly true for an on-line ?oat glass 
process Where the glass ribbon is traveling at a speci?c line 
speed and Where the ribbon requires a speci?c coating 
thickness. The deposition rates obtained With the preferred 
embodiments of the present invention may be ten times 
higher than the deposition rates With other knoWn methods 
for depositing titanium oxide coatings. Especially high 
deposition rates, particularly for titanium oxide, may be 
achieved With the present invention using a precursor mix 
ture including an ester With a [3 hydrogen. 

[0017] Another object of the present invention is to pro 
vide a method for obtaining a tin oxide or titanium oxide 
coating Wherein the thickness of the coating can be varied 
based upon the particular organic compound utiliZed as a 
source of oxygen in the precursor mixture. 

[0018] A further object is to obtain a titanium oxide 
coating at high deposition rates With a refractive index of at 
least 2.4. 

[0019] A still further object is to produce tin and titanium 
oxide coatings at high deposition rates using loW cost 
chlorinated precursors. 

SUMMARY OF THE INVENTION 

[0020] In accordance With the present invention, there is 
provided a chemical vapour deposition process for laying 
doWn a tin oxide or titanium oxide coating on a hot glass 
substrate using a precursor gas mixture containing the 
corresponding metal tetrachloride and an organic source of 
oxygen, Without the requirement for inclusion of Water 
vapour and the consequent risk of premature reaction. 

[0021] The present invention provides a process for depos 
iting a tin oxide or titanium oxide coating on hot ?at glass 
comprising the steps of 

[0022] (a) preparing a precursor gas mixture containing 
the corresponding metal tetrachloride and an organic 
oxygen containing compound as a source of oxygen for 
formation of the metal oxide, 

[0023] (b) maintaining said precursor gas mixture at a 
temperature beloW the temperature at Which the metal 
tetrachloride reacts to form the metal oxide While 
delivering the mixture to a coating chamber opening on 
to the hot glass, 

[0024] (c) introducing the precursor gas mixture into the 
coating chamber Whereby the mixture is heated to 
cause deposition of the corresponding metal oxide 
incorporating oxygen from the organic compound on to 
the hot glass surface. 

[0025] Surprisingly, a Wide range of oxygen-containing 
organic compounds may be used as the source of oxygen, 
Without requiring the presence of Water vapour or gaseous 
oxygen, including compounds normally considered reduc 
ing agents rather than oxidising agents, for example, alco 
hols. HoWever, the preferred organic compounds are carbo 
nyl compounds, especially esters; and particularly good 
results have been obtained using esters having an alkyl 
group With a [3 hydrogen. The alkyl group With a [3 hydrogen 
Will normally contain tWo to ten carbon atoms. 

[0026] It is preferred to use organic compounds, especially 
esters, containing from tWo to ten carbon atoms, since larger 
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molecules tend to be less volatile and hence less convenient 
for use in the CVD process of the present invention. 

[0027] Particularly preferred esters for use in the practice 
of the present invention include ethyl formate, ethyl acetate, 
ethyl propionate, isopropyl forrnate, isopropyl acetate, n-bu 
tyl acetate and t-butyl acetate. 

[0028] The method of the present invention is generally 
practiced in connection With the formation of a continuous 
glass ribbon substrate, for example during a ?oat glass 
production process. HoWever, the method of the present 
invention may be employed in coating other ?at glass 
substrates either on-line or off-line. 

[0029] The present invention involves the preparation of a 
precursor gas mixture Which includes tin or titanium tetra 
chloride and an organic oxygen containing compound; a 
carrier gas or diluent, for example, nitrogen, air or helium, 
Will normally also be included in the gas mixture. Since 
thermal decomposition of the organic oxygen containing 
compound may initiate the metal oxide deposition reaction 
at a high rate, it is desirable that the precursor mixture be 
kept at a temperature beloW the thermal decomposition 
temperature of the organic oxygen compound to prevent 
prereaction of the gaseous mixture With formation of the 
metal oxide. 

[0030] The gaseous mixture is maintained at a temperature 
beloW that at Which it reacts to form the metal oxide, and 
delivered to a location near a ?at glass substrate to be coated, 
the substrate being at a temperature above said reaction 
temperature (and above the decomposition temperature of 
the organic oxygen compound in the precursor gas mixture). 

[0031] The precursor gas mixture is thereafter introduced 
into the vapor space directly over the substrate. The heat 
from the substrate raises the temperature of the precursor gas 
above the thermal decomposition temperature of the organic 
oxygen compound. The organic oxygen compound then 
decomposes With reaction With the metal tetrachloride pro 
ducing a metal dioxide coating on the substrate. 

[0032] The present invention permits the production of tin 
and titanium oxide coatings deposited on the hot glass at a 
high deposition rate e. g. over 130 A/ second and, in preferred 
embodiments, over 250 A per second. 

[0033] The deposition rate is dependent upon the particu 
lar organic oxygen containing compound used, and the 
concentrations of both the organic oxygen containing com 
pound and the metal chloride, as Well as the temperature of 
the glass. For any particular combination of compounds, the 
optimum concentrations (and in particular the optimum 
proportion of organic oxygen containing compound to metal 
tetrachloride) and ?oW rates for rapid coating deposition 
may be determined by simple trial. HoWever, it Will be 
appreciated that the use of higher concentrations of reactants 
and high gas ?oW rates is likely to result in a less e?icient 
overall conversion of the reactants into coating, so that the 
optimum condition for commercial operation may differ 
from the conditions Which provide the highest deposition 
rates. 

[0034] The method of the invention permits the produc 
tion, at high rates, of titanium oxide and tin oxide coatings 
on hot ?at glass substrates on line during the glass produc 
tion process. The titanium oxide coatings may be produced 
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With a high refractive index (at least 2.4) permitting the 
achievement of desired optical effects, especially When used 
in combination With other coating layers. The tin oxide 
coatings may be doped, for example With ?uorine, increas 
ing their electrical conductivity and infra red re?ectivity, and 
hence their utility as electrical conducting coatings and/or 
loW emissivity coatings in architectural glaZing and other 
applications. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] The above, as Well as other advantages of the 
present invention, Will become readily apparent to those 
skilled in the art from the folloWing detailed description of 
preferred embodiments When considered in the light of the 
accompanying draWings in Which: 

[0036] FIG. 1 is a schematic vieW of a vertical section of 
an apparatus for practicing a ?oat glass process Which 
includes gas distributors suitably positioned to enable the 
practicing of the method of the present invention. 

[0037] FIG. 2 is broken sectional vieW of an article coated 
according to this invention; and 

[0038] FIG. 3 is an enlarged schematic end vieW of a gas 
distributor beam suitable for use in practicing the present 
invention. 

[0039] FIG. 4 is an enlarged schematic end vieW of an 
alternative gas distributor beam Which may be used in 
practicing the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0040] Referring noW more particularly to the draWings, 
there is illustrated generally at 10 in FIG. 1 a ?oat glass 
installation utiliZed as a means for practicing the method of 
the present invention. The ?oat glass apparatus more par 
ticularly comprises a canal section 12 along Which molten 
glass 14 is delivered from a melting furnace (not shoWn), to 
a ?oat bath section 16 Wherein a continuous glass ribbon 18 
is formed in accordance With the Well knoWn ?oat process. 
The glass ribbon 18 advances from the bath section 16 
through an adjacent annealing lehr 20 and a cooling section 
22. The continuous glass ribbon 18 serves as the substrate 
upon Which the metal oxide coating is deposited in accor 
dance With the present invention. 

[0041] The ?oat section 16 includes a bottom section 24 
Within Which a bath of molten tin 26 is contained, a roof 28, 
opposite sideWalls 30, and end Walls 32. The roof 28, side 
Walls 30, and end Walls 32 together de?ne an enclosure 34 
in Which a non-oxidiZing atmosphere is maintained to pre 
vent oxidation of the molten tin. 

[0042] Additionally, gas distributor beams 64, 66 and 68 
are located in the bath section 16. The gas distributor beams 
64 and 66 in the bath section may be employed to apply 
additional coatings onto the substrate prior to applying the 
tin or titanium oxide coating by the method of the present 
invention. The additional coatings may include silicon and 
silica. 

[0043] In operation, the molten glass 14 ?oWs along the 
canal 36 beneath a regulating tWeel 38 and doWnWardly onto 
the surface of the tin bath 26 in controlled amounts. On the 
tin bath the molten glass spreads laterally under the in?u 
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ences of gravity and surface tension, as Well as certain 
mechanical in?uences, and it is advanced across the bath to 
form the ribbon 18. The ribbon is removed over lift out rolls 
40 and is thereafter conveyed through the annealing lehr 20 
and the cooling section 22 on aligned rolls 42. The appli 
cation of the coating of the present invention may take place 
in the ?oat bath section 16, or further along the production 
line, for example in the gap betWeen the ?oat bath and the 
annealing lehr, or in the annealing lehr. 

[0044] A suitable non-oxidiZing atmosphere, generally 
nitrogen or a mixture of nitrogen and hydrogen in Which 
nitrogen predominates, is maintained in the bath enclosure 
34 to prevent oxidation of the tin bath. The atmosphere gas 
is admitted through conduits 44 operably coupled to a 
distribution manifold 46. The non-oxidiZing gas is intro 
duced at a rate su?icient to compensate for normal losses 
and maintain a slight positive pressure, on the order of about 
0.001 to about 0.01 atmosphere above ambient atmospheric 
pressure, so as to prevent in?ltration of outside atmosphere. 
Heat for maintaining the desired temperature regime in the 
tin bath 26 and the enclosure 34 is provided by radiant 
heaters 48 Within the enclosure. The atmosphere Within the 
lehr 20 is typically atmospheric air, While the cooling section 
22 is not enclosed and the glass ribbon is open to the ambient 
atmosphere. Ambient air may be directed against the glass 
ribbon as by fans 50 in the cooling section. Heaters (not 
shoWn) may also be provided Within the annealing lehr for 
causing the temperature of the glass ribbon to be gradually 
reduced in accordance With a predetermined regime as it is 
conveyed therethrough. 
[0045] FIG. 1 illustrates the use of gas distributor beams 
64, 66 and 68 positioned in the ?oat bath 16 to deposit the 
various coatings on the glass ribbon substrate. The gas 
distributor beam is one form of reactor that can be employed 
in practicing the process of the present invention. 

[0046] A conventional con?guration for the distributor 
beams suitable for supplying the precursor materials in 
accordance With the invention is shoWn generally schemati 
cally at FIG. 3. An inverted generally channel-shaped 
framework 70 formed by spaced inner and outer Walls 72 
and 74 de?nes enclosed cavities 76 and 78. A suitable heat 
exchange medium is circulated through the enclosed cavities 
76, 78 in order to maintain the distributor beams at a desired 
temperature. 

[0047] The precursor gas mixture is supplied through a 
?uid cooled supply conduit 80. The supply conduit 80 
extends along the distributor beam and admits the gas 
through drop lines 82 spaced along the supply conduit. The 
supply conduit 80 leads to a delivery chamber 84 Within a 
header 86 carried by the framework. Precursor gases admit 
ted through the drop lines 82 are discharged from the 
delivery chamber 84 through a passageWay 88 toWard a 
coating chamber de?ning a vapour space opening on to the 
glass Where they ?oW along the surface of the glass 18 in the 
direction of the arroWs in FIG. 3. 

[0048] Ba?le plates 90 may be provided Within the deliv 
ery chamber 84 for equalizing the ?oW of precursor mate 
rials across the distributor beam to assure that the materials 
are discharged against the glass 18 in a smooth, laminar, 
uniform ?oW entirely across the distributor beam. Spent 
precursor materials are collected and removed through 
exhaust chambers 92 along the sides of the distributor beam. 
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[0049] Various forms of distributor beams used for chemi 
cal vapour deposition are suitable for the present method and 
are knoWn in the prior art. 

[0050] One such an alternative distributor beam con?gu 
ration is illustrated schematically in FIG. 4 of the draWings. 
Using this distributor, Which is generally designated 100 
(and more fully described in European patent EP 0 305 
102B), the precursor gas mixture is introduced through a gas 
supply duct 101 Where it is cooled by cooling ?uid circulated 
through ducts 102 and 103. Gas supply duct 101 opens 
through an elongated aperture 104 into a gas ?oW restrictor 
105. 

[0051] Gas ?oW restrictor 105 is of the kind more fully 
described in UK patent speci?cations GB 1 507 996, and 
comprises a plurality of metal strips longitudinally crimped 
in the form of a sine Wave and vertically mounted in abutting 
relationship With one another extending along the length of 
the distributor. Adjacent crimped metal strips are arranged 
“out of phase” to de?ne a plurality of vertical channels 
betWeen them. These vertical channels are of small cross 
sectional area relative to the cross-sectional area of gas 
supply duct 101, so that the gas is released from the gas ?oW 
restrictor 105 at substantially constant pressure along the 
length of the distributor. 

[0052] The coating gas is released from the gas ?oW 
restrictor into the inlet side 107 of a substantially U-shaped 
guide channel generally designated 106 comprising inlet leg 
107, coating chamber 108 Which opens onto the hot glass 
substrate 110 to be coated, and exhaust leg 109, Whereby 
used coating gas is WithdraWn from the glass. The rounded 
corners of the blocks de?ning the coating channel promote 
a uniform laminar ?oW of coating parallel to the glass 
surface across the glass surface to be coated. 

[0053] The folloWing examples (in Which gas volumes are 
expressed under standard conditions, i.e. one atmosphere 
pressure and ambient temperature, unless other stated) 
Which constitute the best mode presently contemplated by 
the inventor for practicing the invention, are presented 
solely for the purpose of further illustrating and disclosing 
the present invention, and are not to be construed as a 
limitation on, the invention: 

EXAMPLES 1 TO 5 

[0054] In this series of Examples, a bi-directional coating 
reactor of the type shoWn in FIG. 3 Was employed in the 
laboratory to deposit a titanium oxide coating. 

[0055] In Examples 1, 2 and 3, the glass Was heated on a 
conveyor fumace to simulate the coating reaction conditions 
of a ?oat glass process in order to test the method of the 
present invention. The furnace utiliZed in-line rollers to 
convey a glass substrate through a heating Zone prior to 
practicing the method of the present invention. In Example 
1, the glass substrate Was ?oat glass Which had been initially 
provided With a silica coating. The silica coating Was 
deposited on the ?oat glass through a knoWn chemical 
vapour deposition process utiliZing a precursor of monosi 
lane in an oxygen enriched atmosphere. The silica deposi 
tion forms no part of the present invention. 

[0056] In accordance With the present invention, a tita 
nium oxide coating Was deposited on the silica coated 



US 2006/0228476 A1 

substrate. The substrate Was at a temperature of a 1170° 
F./ 630° C. and the substrate line speed Was at 300 inches/ 8 
metres per minute. 

[0057] To deposit the titanium oxide, a precursor gas 
mixture Was developed comprising titanium tetrachloride, 
ethyl acetate, oxygen, and helium. Helium Was included in 
the precursor mixture as a carrier for the reactants. The 
precursor mixture Was prepared by simultaneously introduc 
ing all four gas streams through a manifold system. An in 
line static mixer Was used to ensure a homogeneous precur 
sor mixture. The volume percent composition of the precur 
sor mixture Was 0.7% titanium tetrachloride, 17.2% ethyl 
acetate, 7.2% oxygen, and 74.9% helium, With the ?oW rates 
for the components at the manifold being as shoWn in the 
accompanying Table 1. 

[0058] The temperature of the precursor mixture Was kept 
above 300° F./150° C. in order to prevent the adduct reaction 
of titanium tetrachloride and ethyl acetate. The precursor 
temperature Was also kept beloW the 950° F.-1130° F. (510° 
C.-610° C.) thermal decomposition temperature range of 
ethyl acetate in order to prevent the mixture from prereact 
mg. 

[0059] The precursor mixture Was introduced into the 
reactor just above the moving substrate. The temperature at 
the precursor toWer Was 250° F./ 120° C. The temperature at 
the reactor face Was 350° F./ 175° C. The higher substrate 
temperature initiated the thermal decomposition of the ethyl 
acetate Which then resulted in the deposition of the titanium 
oxide. 

[0060] The resulting coated glass Was alloWed to cool in 
air and the coating analysed. It Was found to be titanium 
oxide With a carbon content of 2.5-3.5 atomic percent. The 
thickness of the titanium oxide coating Was measured 490 A 
and the thickness and groWth rate (150 A per second) are 
shoWn in Table 1. The optical properties of the resulting 
product included an observed Illuminant C transmittance 
(10° observer) of 62.3% and an observed Illuminant C 
re?ectivity of 35.6%. The extinction coe?icient Was 0.008 at 
550 nm, and the refractive index of the titanium oxide 
coating Was 2.44. 

[0061] In Examples 2 and 3 the coating procedure set out 
in Example 1 Was repeated, except that in Example 2 ethyl 
formate Was used as the organic source of oxygen, and in 
Example 3 isopropanol Was used as the organic source of 
oxygen and uncoated glass (in place of the silicon oxide 
coated glass of Examples 1 and 2) Was used as the substrate. 
The gas ?oW rates used and, in the case of Example 2, the 
thickness and groWth rate of the titanium oxide coating 
produced are shoWn in Table 1. In Example 3, the isopro 
panol burned in the reactor leaving only particulate titanium 
oxide on the glass, the corresponding deposition rate there 
fore being quoted as 0 A/ second. 

[0062] The procedure for Examples 4 and 5 Was as used in 
the previous Examples (the reactor temperature and the 
substrate being identical to Example 1), except that the 
substrate Was static and not dynamic. The static sample Was 
positioned under the reactor for 10 seconds. Under static 
conditions, the residence time of the substrate under the 
reactor is increased from the dynamic conditions by a factor 
of ?ve. 

[0063] In Example 4, methyl acetate Was used as the 
organic source of oxygen, and in Example 5 t-butyl acetate 
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Was used; in each case a titanium oxide coating Was pro 
duced. The gas ?oW rates, resulting titanium oxide coating 
thickness and coating groWth rates are as shoWn in Table 1. 
The relatively sloW groWth rate achieved using methyl 
acetate is discussed hereinafter. 

TABLE 1 

FloW rates litres/minute 

Organic Growth 
Exaln- Titanium oxygen Oxy- He- Thick- @te 
ple tetrachloride compound gen lium ness A Ms@ 

1 0.2 4.8 ethyl 2.0 20.9 490 150 
acetate 

2 0.5 1.6 ethyl 6.0 17.4 800 250 
formate 

3 0.45 1.5 isopropanol 4.0 15.45 0 0 
4 0.5 1.2 methyl 6.0 17.4 <100 <10 

formate 
5 0.5 0.5 t-butyl 6.0 16.5 1300 130 

acetate 

@ indicates text missing or illegible When ?led 

EXAMPLE 6 

[0064] A ?oat glass process Was used in producing a 
continuous glass ribbon having a thickness of 0.125 inches/3 
mm at a line speed of 434 inches/11 metres per minute. The 
glass temperature Was at 1140° F./615° C. at the desired 
point of application in the ?oat bath section of a titanium 
oxide coating using a coating reactor similar to that shoWn 
in FIG. 3. The temperature at the precursor toWer Was 400° 
F./205° C. and the temperature at the reactor face Was 500° 
F./260° C. Prior to practicing the method of the present 
invention, a silica coating Was deposited on the glass sub 
strate in the ?oat bath section at a thickness of about 339 A. 
The same chemical vapor deposition process as described in 
Example 1 Was used to deposit the silica coating. The silica 
deposition forms no part of the present invention. 

[0065] The precursor gas mixture Was developed compris 
ing titanium tetrachloride and ethyl acetate in a helium 
carrier gas. Oxygen Was not used in the precursor as result 
of earlier Examples indicated that the coating reaction Was 
not sensitive to the oxygen concentration. The precursor 
mixture Was prepared by simultaneously introducing the 
three components through a manifold system. The volume 
percent composition of the precursor mixture Was 0.6% 
titanium tetrachloride, 1.8% ethyl acetate, and 97.5% 
helium. The ?oW rates for the components Were 480.0 l/m of 
helium, 3.0 l/m of titanium tetrachloride, 9.2. l/m of ethyl 
acetate. The total ?oW rate for the precursor mixture Was 
492.2 l/m. 

[0066] The resulting titanium oxide coating Was 684 A 
thick. The carbon content of the coating Was less than 2 
atomic percent. The groWth rate of the coating Was 309 A 
per second. 

EXAMPLE 7 

[0067] The same procedure carried out Example 6 Was 
utiliZed in this Example. The substrate comprised coatings 
of silicon and then silica over the glass substrate. The 
coatings Were deposited by a knoWn chemical vapor depo 
sition process in the ?oat bath section. The silicon coating 
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was deposited by CVD from monosilane With a non-oxidiZ 
ing carrier gas. The silica coating Was then deposited onto 
the silicon coating through the use of the same procedure as 
described in Example 1. 

[0068] The precursor for the titanium oxide coating 
included titanium tetrachloride and ethyl acetate in a helium 
carrier gas. The volume percent composition of the precur 
sor Was 0.5% titanium tetrachloride, 1.9% ethyl acetate, and 
97.6% helium. The corresponding ?oW rates for the com 
ponents Were 480.0 l/m of helium, 2.4 l/m of titanium 
tetrachloride, 9.2 l/m of ethyl acetate. The total ?oW rate for 
the precursor mixture Was 491.6 1/m. 

[0069] The resulting coated article 52 is illustrated in FIG. 
2. The glass substrate 54 is depicted With a stack of multiple 
coatings 56. The coatings comprise a layer of silicon 58, a 
layer of silica 60, then a titanium oxide coating 62 on top of 
the article. The titanium oxide coating on the resulting 
article had a thickness of 836 A. The optical properties of the 
resulting coating stack included an observed Illuminant C 
transmittance of 13.1% and an observed Illuminant C re?ec 
tivity of 82.5%. The groWth rate of the titanium oxide 
coating Was 378 A per second. 

EXAMPLES 8-13 

[0070] In this series of Examples, a static coater Was used 
in the laboratory to apply a tin oxide coating on to a ?oat 
glass substrate carrying a colour suppressing silicon oxide 
layer produced as described in European patent EP 0 275 
662B. 

[0071] The ?oat glass to be coated Was supported on a 
nickel block in a reactor vessel and the block heated from 
beloW by electric heating elements to provide a glass tem 
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general direction parallel to the glass surface. The total 
carrier gas ?oW rate Was 13 m3/hour. The ?oW rates of the 
tin tetrachloride, and the nature and ?oW rates of the organic 
compound used, Were as shoWn in the accompanying Table 
2. In Examples 9 and 11, small amounts of 40% hydrogen 
?uoride Were incorporated in the-precursor gas mixture to 
dope the resulting tin oxide coating With ?uorine, as shoWn 
in the Table. 

[0073] The gas ?oW containing the reactant gases Was 
applied for approximately 8 seconds, and the coating appa 
ratus and coated glass then alloWed to cool under a ?oW of 
air at 345° F./225° C. On dismantling the coating apparatus, 
the delivery gas line, noZZle and plate de?ning the gas ?oW 
path over the glass found to be free, in each case, from 
deposit, indicating an absence of undesirable prereaction. In 
each case, the glass had a tin oxide coating applied over the 
silicon oxide, the thickness of the coating varying With 
distance from the ?shtail noZZle. The maximum thickness 
and corresponding groWth rate for each precursor gas mix 
ture used is shoWn in Table 2. The emissivity, resistivity and 
haZe of the samples producing using hydrogen ?uoride to 
incorporate a ?uorine dopant (Examples 9 and 11) Were 
measured and the results reported in Table 2. 

[0074] This series of Examples shoWs that an organic 
source of oxygen can be used as part of a premixed precursor 
gas mixture comprising tin tetrachloride to deposit a tin 
oxide coating Without signi?cant undesirable prereaction 
detrimentally affecting the coating process e. g. by deposition 
of tin oxide in the gas supply ducts. Moreover, if desired, a 
source of dopant, such as hydrogen ?uoride, may be incor 
porated in the gaseous premixture to reduce the emissivity 
and resistivity of the coating While continuing to avoid 
signi?cant detrimental prereaction. 

TABLE 2 

Precursor Gas Mixture 

Organic Oxygen Source 

SnCl4 FloW 40% HP Max tin Max growth 
FloW Rate Rate FloW Rate oxide rate Resistivity 

Example (ml/min) Compound (ml/min) (ml/min) thickness A Nsecond Emissivity ohm/cm Haze 

8 12 ethyl acetate 10 i 2750 344 i i i 

9 12 ethyl acetate 10 1 2680 335 0.25 5.3 X 1074 0.4% 
10 12 butyl acetate 13.4 i 3460 432 i i i 

11 12 butyl acetate 13.4 1.3 2880 360 0.25 6.9 X 10’4 0.6% 
12 6 isopropyl 120 i 2284 262 i i i 

alcohol 
13 17 tri?uoracetic 16.2 2840 335 i i i 

acid 

perature of 1085° F./ 585° C. A ?at graphite plate Was EXAMPLE 14 
mounted approximately 0.4 inches/ 10 mm above the glass _ _ _ _ _ 

[0075] In this Example, a coating d1str1butor as 1llustrated and parallel thereto to provide a gas ?oW path 0.4 inches/ 10 
mm deep betWeen the glass surface bearing the silicon oxide 
layer and the plate. 

[0072] A precursor gas mixture containing tin tetrachlo 
ride and an organic source of oxygen, in air and a small 
proportion of additional nitrogen as carrier gas, Was deliv 
ered through a gas line maintained at a temperature of 435° 
F.:25° F./225° C.:15° C. and provided With a ?sh tail noZZle 
opening on to the gas ?oW path over the hot glass in a 

schematically in FIG. 4 Was used in a ?oat bath to apply a 
coating of tin oxide by a method in accordance With the 
invention. The ribbon speed Was approximately 233 inches 
per minute/350 minutes per hour and the glass thickness Was 
0.05 inches/ 1.2 mm. The glass temperature Was approxi 
mately 1170° F./630° C. The temperature of the gas supply 
duct 101 Which served as a primary gas mixing chamber Was 
maintained at 300° F./ 150° C. and the ‘static’ Wa?le gas 
distributor 105 Was approximately 645° F./340° C. The tin 
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tetrachloride and butyl acetate vapors Were delivered by 
bubbling nitrogen through the liquids maintained at 175° 
F./80° C. in bubblers and, hence, through separate heated 
conduits to gas supply duct 101. The vapors mixed at the 
primary chamber, passed through the Wal?e pack gas dis 
tributor, and then under laminar ?oW conditions through 
U-shaped guide channel 106 comprising coating chamber 
108 opening on to the hot glass ribbon. 

[0076] The How rates used Were sufficient to obtain tin 
tetrachloridezbutyl acetate molar ratios of betWeen 1:1 and 
1:5. The trial Was carried out for 5 hours. On dismantling the 
coater it Was discovered that the cooled surfaces and the 
associated conduits Were over 90% free of deposits, thus 
shoWing that tin tetrachloride and butyl acetate used for 
producing a tin dioxide coating on glass can be premixed 
With one another Without substantial prereaction. A thin tin 
oxide coating Was obtained on the glass ribbon. 

[0077] It Will be appreciated that various changes and 
modi?cations can be made from the speci?c details of the 
invention as incorporated in the foregoing Examples Without 
departing from the spirit and scope thereof as de?ned in the 
appended claims. 

[0078] In its essential details, the invention is a continuous 
chemical vapor deposition process for laying doWn tin oxide 
and titanium oxide coatings onto a glass substrate at high 
deposition rates through the use of the corresponding metal 
tetrachloride and an organic compound used as a source of 
oxygen in a preformed precursor gas mixture. 

[0079] The metal tetrachlorides are preferred sources of 
the respective metals because of the availability and cost of 
the raW material. 

[0080] It has been found, especially When depositing 
titanium oxide coatings from titanium tetrachloride, that, in 
order to form the metal oxide at the optimum deposition 
rates, it is desirable to use an organic oxygen containing 
compound Which is an ester, particularly an ester in Which 
the group derived from the alcohol is an alkyl group With a 
[3 hydrogen. Additionally, the decomposition temperature of 
the ester should not be greater than the reaction temperature 
of the coating precursor gas mixture at the desired point of 
application. Esters utiliZed in the precursor gas mixture that 
have a [3 hydrogen and appropriate decomposition tempera 
tures Will deposit the coatings at high deposition rates. The 
preferred group of esters used in practicing the present 
invention includes the group consisting of ethyl formate, 
ethyl acetate, ethyl propionate, isopropyl formate, isopropyl 
acetate, n-butyl acetate, and t-butyl acetate. 

[0081] In general an ester decomposes in a continuous 
fashion over a given temperature range. In the present 
invention, the thermal decomposition temperature of the 
ester is de?ned as the temperature at Which the unimolecular 
decomposition rate constant of the ester is 0.01/sec. The 
unimolecular decomposition rate constants of common 
esters such as ethyl acetate and t-butyl acetate are Well 
knoWn and can be found in the chemical literature. For ethyl 
acetate and t-butyl acetate, the thermal decomposition tem 
peratures using the above de?nition are 935 and 6500 
Fahrenheit (5000 C. and 344° C.), respectively. One skilled 
in the art Will recogniZe that the choice of ester and speci?c 
deposition temperature employed Will determine the opti 
mum coating groWth rate. Reaction temperatures beloW the 
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de?ned thermal decomposition temperature, but Within the 
decomposition range of the selected ester, Will result in 
loWer coating groWth rates. 

[0082] In accordance With the present invention, the alkyl 
group of an ester used in the coating precursor gas mixture 
may be a carbon compound having a range of 2-10 carbon 
atoms. The loWer limit of the range is dictated by the [3 
hydrogen requirement on the alkyl group. The upper limit is 
to avoid ?ammability and volatility issues that arise When 
the alkyl group contains more than ten carbon atoms. 

[0083] In practicing the method of the present invention, 
a manifold may be used to connect and regulate the indi 
vidual gas streams to formulate the coating precursor gas 
mixture. A common delivery line may be used to deliver the 
precursor gas mixture from the manifold to the gas beam 
distributor. An in line static mixer may be used in the 
delivery line to ensure a homogeneous gas mixture. Addi 
tionally, the ba?les in the gas distributor beam, illustrated in 
FIG. 3, or a gas ?oW restrictor as described With reference 
to FIG. 4, may provide further mixing of the precursor gas 
at the reactor stage. 

[0084] In many of the Examples, oxygen Was included in 
the coating precursor gas mixture. HoWever, the deposition 
rate of the metal oxide coating Was not sensitive to the 
oxygen concentrations, and no oxygen gas Was used in 
Examples 6 or 7 shoWing the inclusion of oxygen to be 
unnecessary. 

[0085] The concentration of the reactive components of 
the coating precursor gas mixture may be selected to obtain 
the optimum coating groWth rate. The concentration of metal 
tetrachloride is generally 0.1 to 5.0 percent by volume in the 
precursor gas mixture. The concentration of metal tetrachlo 
ride is based upon the amount of metal needed to provide the 
desired coating thickness in the available residence time. 
Thus the metal tetrachloride concentration is adjusted 
according to process variables, such as the line speed of the 
ribbon in a ?oat glass process. 

[0086] The concentration of the organic oxygen com 
pound in the coating precursor gas mixture is generally one 
to ?ve times the concentration of the metal tetrachloride, 
being selected Within this range based upon the deposition 
temperature. When using an ester, loWer deposition tem 
peratures Will result in sloWer ester decomposition rates and 
therefore, Will require greater concentrations of the ester to 
react With the metal tetrachloride. In Examples 6 and 7, the 
optimum concentration of the ethyl. acetate in the precursor 
gas mixture is 1 to 3 times the concentration of the titanium 
tetrachloride. Concentrations above or beloW the optimum 
range Will produce metal oxide coatings at loWer coating 
groWth rates. 

[0087] The temperature of the precursor gas mixture is 
critical for control of the reaction, in particular to avoid 
undesirable pre-reaction or adduct formation resulting in 
formation of an involatile product in the precursor lines. In 
one preferred embodiment, especially applicable When using 
an ester, the temperature is maintained above 300° F./ 150° 
C. in the precursor gas lines. The precursor gas mixture is 
also preferably kept beloW the thermal decomposition tem 
perature of the organic oxygen. compound to prevent pre 
reaction of the mixture. 

[0088] The present inventive process utiliZes the heat from 
the substrate to initialize the coating reaction. In on-line 
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situations, such as the ?oat glass process, the substrate is 
formed at extremely high temperatures. Therefore, the 
method of the present invention may be applied at a point in 
the ?oat glass process Where the substrate temperature is 
lowered but is still above the temperature at Which the 
coating is formed (and preferably after the glass ribbon has 
substantially ?nished stretching i.e. below 13800 F./750° 
C.). Off-line applications of the present invention Will 
require heating the substrate to a temperature above the 
decomposition temperature of the ester. 

[0089] In practicing the method of the present invention in 
the ?oat glass process, the preferred point of application is 
in the ?oat bath section. The temperature range at the point 
of application for the coating is usually about ll00°-l320° 
F./590°-7l5° C. The temperature is an important operating 
parameter because it in?uences the concentration of the 
organic compound utiliZed in the precursor gas mixture. The 
temperatures of the substrate in the ?oat bath section are 
relatively stable and therefore exhibit little variation at the 
point of application. In examples 6 and 7 using ethyl acetate, 
the preferred substrate temperature range is ll00°-l250° 
F1590o C.-680o C. 

[0090] The heat from the substrate raises the temperature 
of the precursor gas mixture above the temperature required 
for coating formation (and When an ester is used as the 
organic compound above thermal decomposition tempera 
ture of the ester). The metal deposition reaction may be 
initiated by the decomposition of the organic oxygen com 
pound. When titanium tetrachloride is used in combination 
With an ester having an alkyl group With a [3 hydrogen, the 
titanium oxide coating then forms on the substrate at decom 
position rates that are ten times higher than knoWn coating 
methods. In the on-line application With a ?oat glass ribbon 
process, the ribbon passes under the gas distributor beam at 
a relatively fast rate. The metal oxide coating is deposited 
onto the ?oat glass ribbon as the ribbon passes under the 
coater. 

[0091] The inventors propose the folloWing theory regard 
ing the chemical reaction that may take place When using an 
ester having an alkyl group With a [3 hydrogen. HoWever, the 
inventors do not Wish to limit the invention to just this 
possible explanation, and therefore offer it merely as an aid 
to understanding the results of the present inventive process. 

[0092] The inventors propose that as the ester decom 
poses, the carbon-hydrogen bond on one of the [3 hydrogens 
breaks and the hydrogen transfers to the carbonyl group 
eliminating an alkene and forming a caboxylic acid. The 
hydrolysis reaction simultaneously takes place betWeen the 
carboxylic acid and the metal tetrachloride leading to the 
formation of the metal oxide coating on the substrate. 

[0093] In general, the resulting article produced in accor 
dance With the present invention comprises a substrate 
having a titanium oxide or tin oxide coating. The coating 
may be applied directly to the substrate or as a layer in a 
plurality of coatings on a substrate. The rate of deposition of 
the metal oxide coating is effected by the decomposition rate 
of the organic oxygen compound. At constant reaction 
temperatures different organic oxygen compounds Will pro 
vide different coating groWth rates because of the difference 
in the decomposition temperatures. Therefore, the desired 
metal oxide coating groWth rate for a given system is 
selected by matching a speci?c organic oxygen compound to 
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the precursor gas mixture temperature and the substrate 
temperature at the point of application. 

[0094] The deposition rate of the titanium oxide coating in 
the present invention may be ten times greater than rates in 
knoWn deposition methods. The present inventive process 
permits deposition rates over 130 A per second With some 
deposition rates measured Well over 300 A per second. The 
higher deposition rates for titanium oxide yield a coating 
With a refractive index greater than 2.4. 

[0095] In the present invention, the resulting oxide coating 
contains little residual carbon from the decomposition of the 
organic oxygen compound, especially When an ester is used. 
Carbon is an undesirable by product of the coating reaction 
because high levels of carbon in deposition coatings create 
absorption problems With the coating. The concern in using 
an organic oxygen compound in the coating precursor gas 
mixture is that decomposition Will result in levels of carbon 
that adversely affect the absorption properties of the ?nished 
glass. The carbon content in the coatings produced from the 
method of the present invention shoWed less than four 
atomic percent of carbon Where measured. This loW level of 
carbon Will not signi?cantly a?‘ect absorption properties of 
the coating. 

[0096] It is to be understood that the forms of the invention 
hereWith shoWn and described are to be taken as illustrative 
embodiments only of the same, and that various changes in 
the shape, siZe and arrangement of parts, as Well as various 
procedural changes, may be resorted to Without departing 
from the spirit of the invention. 

1-32. (canceled) 
33. Atitanium dioxide photocatalyst structure comprising: 

a transparent glass substrate having ?rst and second 
opposing surfaces, said transparent glass substrate con 
taining alkaline ingredients therein, the ?rst surface of 
said substrate receiving light from an external light 
source; 

a titanium dioxide ?lm having ?rst and second opposing 
surfaces, a light transmittance of said titanium dioxide 
?lm being at least 50% for light having a Wavelength of 
550 nm, the ?rst surface of said titanium dioxide ?lm 
being formed on the second surface of said substrate, 
Whereby light transmitted from said external source 
through the ?rst and second opposing surfaces of said 
substrate and through the ?rst surface of said titanium 
dioxide ?lm to the second surface thereof causes pho 
tocatalytic activity to be generated on the second sur 
face of said titanium dioxide ?lm; and 

a transparent precoat ?lm interposed betWeen the second 
surface of said substrate and the ?rst surface of said 
titanium dioxide ?lm. 

34. The titanium dioxide photocatalyst structure accord 
ing to claim 33, Wherein said transparent precoat ?lm has a 
thickness of 0.02 pm to 0.2 pm. 

35. The titanium dioxide photocatalyst structure accord 
ing to claim 34, Wherein said precoat ?lm is composed of 
SiO2. 

36. Atitanium dioxide photocatalyst structure comprising: 

a transparent substrate; 

a titanium dioxide ?lm formed on said substrate, said 
titanium dioxide ?lm having photocatalytic activity and 
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a light transmittance of at least 50% for light having a 
Wavelength of 550 nm; and 

a transparent precoat ?lm disposed between the transpar 
ent substrate and the titanium dioxide ?lm. 

37. The titanium dioxide photocatalyst structure accord 
ing to claim 36, Wherein the precoat ?lm has a thickness of 
0.02 pm to 0.2 pm. 

38. The titanium dioxide photocatalyst structure accord 
ing to claim 36, Wherein the precoat ?lm is composed of 
SiO2. 

39. A method for producing a titanium dioxide photocata 
lyst structure according to claim 36 comprising a producing 
process Which includes the step of forming the titanium 
dioxide ?lm on the transparent substrate by a method 
selected from the group consisting of a pyro-sol method, a 
dipping method, a printing method and a CVD method. 

40. Atitanium dioxide photocatalyst structure comprising: 

a transparent substrate; 

a titanium dioxide ?lm formed on said substrate, said 
titanium dioxide ?lm having a thickness of 0.1 um to 5 
pm, photocatalytic activity and a light transmittance of 
at least 50% for light having a Wavelength of 550 nm; 
and 

a transparent precoat ?lm disposed betWeen the transpar 
ent substrate and the titanium dioxide ?lm. 

Oct. 12, 2006 

41. The titanium dioxide photocatalyst structure accord 
ing to claim 40, Wherein the precoat ?lm has a thickness of 
0.02 pm to 0.2 pm. 

42. The titanium dioxide photocatalyst structure accord 
ing to claim 40, Wherein the precoat ?lm is composed of 
SiO2. 

43. Atitanium dioxide photocatalyst structure comprising: 

a transparent substrate; 

a titanium dioxide ?lm, containing an anatase crystal, 
formed on said substrate, said titanium dioxide ?lm 
having photocatalytic activity and a light transmittance 
of at least 50% for light having a Wavelength of 550 
nm; and 

a transparent precoat ?lm disposed betWeen the transpar 
ent substrate and the titanium dioxide ?lm. 

44. The titanium dioxide photocatalyst structure accord 
ing to claim 43, Wherein the precoat ?lm has a thickness of 
0.02 pm to 0.2 pm. 

45. The titanium dioxide photocatalyst structure accord 
ing to claim 43, Wherein the precoat ?lm is composed of 
SiO2. 


