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1. 

WATER REPELLENT GLASS PLATES 

CROSS-REFERENCE TO RELATED 
APPLICATION 

The present application is a U.S. national stage filing 
under 35 U.S.C. S371 of International Application No. 
PCT/JP2007/05978, filed on May 1, 2007. 

TECHNICAL FIELD 

A glass plate with a high enduring and water repellent 
coating film on the Surface of the glass plate is described. 
The glass plate can be used for windows in vehicles, 
automobiles or buildings to provide water repellency, oil 
repellency, and antifouling properties. 

BACKGROUND 

Generally, it is understood that a monomolecular film that 
is water repellent can be prepared by chemical absorption 
onto a surface. Such a film can be produced using a chemical 
absorption composition having a chlorosilane absorbent 
containing a fluorocarbon group and a nonaqueous organic 
Solvent, and then carrying out a chemical absorption in 
liquid phase (Unexamined Patent Publication (Kokai) No. 
1990-258032). 
The water repellent film can be formed by the de-hydro 

chloric reaction between an active hydrogen on the Surface, 
Such as the hydroxyl group on the Surface of the base 
material, and the chlorosilyl group of the chlorosilane absor 
bent. However, the resulting films have problems for poor 
friction resistances or water repellencies. 

SUMMARY 

Accordingly, it would be advantageous to provide a water 
repellent glass plate which can improve the durability for 
friction resistance, weather resistance, water droplet repel 
lency (water slipping property), and antifouling property or 
soil resistance for a glass plate window used in automobiles 
and buildings. As such, a glass plate can be coated with a 
film to provide water repellency, oil repellency, antifouling 
property, and Soil resistance. 
An innovative water repellent glass plate can have high 

durability and water droplet repellency (water slipping prop 
erty) Such that water beads and slips from the glass Surface 
without Sticking. The glass Surface can be covered with a 
covalently bound water repellent transparent micro particle 
film. A film can be prepared on the surface of the plate by 
a manufacturing process as described herein. 
A reactive glass plate having an epoxy group or an imino 

group can be manufactured by contacting a glass plate with 
a chemical absorption liquid composition that is prepared by 
mixing an alkoxysilane compound having an epoxy group or 
an imino group, a silanol condensation catalyst, and a 
nonaqueous organic solvent, and then reacting a surface of 
the glass plate with the alkoxysilane compound having an 
epoxy group or an imino group. 
A reactive transparent micro particle having an imino 

group or an epoxy group can be prepared by dispersing a 
transparent micro particle into a chemical absorption liquid 
composition prepared by mixing an alkoxysilane compound 
having an imino group or an epoxy group, a silanol con 
densation catalyst, and a nonaqueous organic Solvent, and 
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2 
then reacting a surface of the transparent micro particle with 
the alkoxysilane compound having an imino group or an 
epoxy group. 
The reactive glass plate can be linked to the reactive 

transparent micro particle by contacting the reactive glass 
plate having an epoxy group with the reactive transparent 
micro particle having an imino group, or contacting the 
reactive glass plate having an imino group with the reactive 
transparent micro particle having an epoxy group. The glass 
and particle are then heated together. 
A water repellent coating film can be formed on the glass 

plate which has the transparent micro particle bound to its 
Surface by contacting a chemical absorption liquid compo 
sition to the glass plate and micro particle. The chemical 
absorption liquid composition can be prepared by mixing a 
chlorosilane compound having a fluorocarbon group and a 
trichlorosilyl group with a nonaqueous organic solvent or by 
mixing an alkoxysilane compound having a fluorocarbon 
group and an alkoxylsilyl group with a silanol condensation 
catalyst and a nonaqueous organic solvent. 
The glass plate having high durability and water droplet 

repellency can be used as a paned window for a vehicle Such 
as an automobile or a building, wherein the surface of the 
glass plate is covered with a repellent micro particle film. 
The water contacting degree of the glass plate can be greater 
than 150 degrees. 
As described in further detail herein, the disclosed water 

repellent glass plate provides a paned window which can be 
used in fields where functions for water repellency, oil 
repellency and antifouling or soil resistance is desired. Also, 
the water repellant glass can have high durability for friction 
resistance, weather resistance, water droplet repellency (wa 
ter slipping property) and antifouling or soil resistance 
properties. 

BRIEF DESCRIPTION OF THE FIGURES 

FIGS. 1A-1B are conceptual diagrams that illustrate a 
process for forming the monomolecular film containing an 
epoxy group on the Surface of the glass plate in example 1. 
FIG. 1A shows the surface of the glass plate before reaction 
process, and FIG. 1B shows the surface after forming of the 
monomolecular film containing an epoxy group. 

FIGS. 2A-2B are conceptual diagrams that illustrate a 
process for forming the monomolecular film containing an 
amino group on the Surface of the alumina micro particle in 
example 1. FIG. 2A shows the surface of the glass plate 
before reaction process, and FIG. 2B shows the surface after 
forming of the monomolecular film containing an amino 
group. 

FIGS. 3A-3B are conceptual diagrams that illustrate a 
process for binding the alumina micro particle to the Surface 
of the glass plate and further forming the water repellent 
monomolecular film on the Surface of the alumina micro 
particle in example 1. FIG. 3A shows the surface after the 
alumina micro particle has been bound to the surface of the 
glass plate, and FIG. 3B shows the surface after the water 
repellent monomolecular film has been formed on the sur 
face through the intermediary of an amino group. 

FIG. 4 shows a graph that plots data obtained from the 
pilot study, and shows the relationship between the water 
contacting degree and the falling off degree. 

DETAILED DESCRIPTION 

Embodiments of a water repellent glass plate, manufac 
turing method thereof, and a vehicle or a paned window 
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using the same are described herein. In the following 
description, numerous specific details are set forth to pro 
vide a thorough understanding of embodiments of the inven 
tion. One skilled in the relevant art will recognize, however, 
that the invention can be practiced without one or more of 
the specific details, or with other methods, components, 
materials, etc. In other instances, well-known structures, 
materials, or operations are not shown or described in detail 
to avoid obscuring aspects of the invention. 
A water repellent glass plate that is covered with a 

covalently bound water repellent transparent micro particle 
on the surface of the plate. The water repellant glass plate 
can be prepared by: preparing a reactive glass plate; pre 
paring a reactive transparent micro particle; and binding the 
transparent micro particle to the glass plate to form a water 
repellant film. 
A reactive glass plate having an epoxy group or an imino 

group can be prepared by bringing a glass plate in contact 
with a chemical absorption liquid composition that is pre 
pared by mixing an alkoxysilane compound having an epoxy 
group or an imino group, a silanol condensation catalyst, and 
a nonaqueous organic solvent, and then reacting a surface of 
the glass plate with the alkoxysilane compound having an 
epoxy group or an imino group. 
A reactive transparent micro particle having an imino 

group or an epoxy group can be prepared by dispersing a 
transparent micro particle in a chemical absorption liquid 
composition that is prepared by mixing an alkoxysilane 
compound having an imino group or an epoxy group, a 
silanol condensation catalyst, and a nonaqueous organic 
Solvent, and then reacting a surface of the transparent micro 
particle with the alkoxysilane compound having an imino 
group or an epoxy group. 
The reactive glass plate can be bound to the reactive 

transparent micro particle by bringing the reactive glass 
plate having an epoxy group in contact with the reactive 
transparent micro particle having an imino group; or bring 
ing the reactive glass plate having an imino group in contact 
with the reactive transparent micro particle having an epoxy 
group, and heating the glass plate and micro particle. 
A water repellent coating film can be formed on the glass 

plate which has a transparent micro particle bound to its 
Surface by contacting a chemical absorption liquid compo 
sition prepared by mixing a chlorosilane compound having 
a fluorocarbon group and a trichlorosilyl group with a 
nonaqueous organic solvent or by mixing an alkoxysilane 
compound having a fluorocarbon group and an alkoxysilyl 
group with a silanol condensation catalyst and a nonaqueous 
organic solvent, with a glass plate which has a transparent 
micro particle bound to its Surface. 
A water repellent glass plate having a transparent micro 

particle film can be used as a paned window for an auto 
mobile or a building. The water repellent glass place can 
provide water repellency, oil repellency, and soil resistance. 
The water repellent glass plate can be useful for providing 
good driving visibility in occasions of rainy weather, and can 
also have a similar effect on building. 

Details of various embodiments of the water repellent 
glass plate are described below with the use of examples, but 
are not restricted by these examples. 

Example 1 

First, a glass plate 1 (FIGS. 1A-1B) for a paned window 
on an automobile was prepared, and then it was washed well 
and dried. Then, 99 weight percent of a chemical absorbent 
having a reactive group (e.g., epoxy group) in a functional 
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4 
portion at one of its ends and an alkoxylsilyl group at the 
other of its ends, as shown in a chemical structure below 
(chemical 1), and 1 weight percent of a silanol condensation 
catalyst (e.g., dibutylstannum diacetylacetonate) were 
weighed. Both reagents were dissolved in a silicone solvent 
(e.g., hexamethyldisiloxane solvent) to obtain the chemical 
absorbent liquid with a total concentration of 1 weight 
percent (the concentration of the chemical absorbent can be 
0.5 to 3%). 

(chemical 1) 

CH-CHCHO(CH)Si-OCH 

OCH 

The chemical absorbent liquid composition was applied to 
the Surface of the glass plate 1, and then the reaction was 
carried out for about two hours in the atmospheric air (45% 
relative humidity). A number of hydroxyl groups 2 are 
included on the surface of the glass plate 1 (FIG. 1A), and 
the Si(OCH) groups in the chemical absorbent compo 
sition and the hydroxyl groups 2 undergo a dealcoholization 
reaction (in this case, —CH-OH is removed) in the presence 
of the silanol condensation catalyst to form the bonding 
shown in the chemical structure below (chemical 2). This 
forms a chemical absorbent monomolecular film 3 contain 
ing epoxy groups covalently bound over the Surface of the 
glass plate with a film thickness of about 1 nanometer as 
shown in FIG. 1B. 
The glass Surface is washed with a chloric organic Sol 

vent, such as chloroform, and the Surface of glass plate 4 is 
covered with a chemical absorbent monomolecular film 
having an epoxy group on its surface (FIG. 1B). 

(chemical 2) 
O o 

O 
/N 

CH-CHCHO(CH2)Si-O- 

O 

When the plate is left in the atmospheric air without 
washing, the solvent is evaporated and the chemical absor 
bent remaining on the Surface of the glass plate reacts with 
the moisture in the air. An ultra thin polymeric coating film 
of the chemical absorbent is formed on the surface of the 
particle. In addition, the glass plate with this coating film had 
a similar reactivity. 

Also, an alumina micro particle 5 (FIGS. 2A-2B) having 
an average diameter of about 100 nm, which is smaller than 
visible light wavelength was prepared and dried. The size of 
the transparent micro particle may be smaller than visible 
light wavelength. Then, a chemical absorbent liquid with a 
total concentration of 1 weight percent (the concentration of 
the chemical absorbent is 0.5 to 3%) was prepared by 
weighing 99 weight percent of a chemical absorbent having 
an amino or imino group (-NH), which can react with an 
epoxy group is included at one end of the reagent and an 
alkoxysilyl group at the other of its ends as shown in a 
chemical structure below (chemical 3) having an amino 
group at one of its ends; and weighing 1 weight percent of 
an organic acid (e.g., acetic acid) which can be used as a 
silanol condensation catalyst; and then dissolving both 
reagents in a mixed solvent of equal parts of silicone and 
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dimethylformamide (e.g., 50% of hexamethyldisiloxane sol 
vent and 50% of dimethylformamide solvent). 

(chemical 3) 
OCH 

HN(CH)Si-OCH 

OCH 

The anhydrous alumina micro particle was mixed with the 
chemical absorbent liquid while stirring, and then reacted in 
atmospheric air (45% relative humidity) for about two 
hours. A number of hydroxyl groups 6 are included on the 
surface of the alumina micro particle (FIG. 2A), and the 
—Si(OCH) groups in the chemical absorbent and the 
hydroxyl groups undergo a dealcoholization reaction (in this 
case, —CH-OH is removed) in the presence of the acetic 
acid to form the bondings shown in the chemical structure 
below (chemical 4). A chemical absorbent monomolecular 
film 8 is formed containing amino groups 7 chemically 
bound over the surface of the micro particle with a film 
thickness of about 1 nanometer. 

The micro particle is washed with a chloric organic 
Solvent, Such as chloroform or n-methylpyrrolidinone, under 
stirring. An alumina micro particle 9 with the surface 
covered with a chemical absorbent monomolecular film 
having a reactive group Such as an amino group on its 
surface was produced (FIG. 2B) in the same way as Example 
1. When using a chemical absorbent composition containing 
an amino group, a tin series catalyst can produce a sediment. 
An organic acid, such as acetic acid, can provide better 
results. In addition, while an amino group includes an imino 
group, a pyrrole derivative or an imidazole derivative could 
be used as a compound including an imino group or an 
amino group. Furthermore, when a ketimine derivative was 
used, an amino group was more easily introduced by hydro 
lysis after the coating film formation. 

(chemical 4) 
O o 

O 

In addition, a monomolecular film formed with this pro 
cess, as is the case with example 1, did not affect the particle 
diameter nor the Surface shape of an alumina micro particle 
because the film was extremely thin with nanometer-level 
film thickness. When the monomolecular film was left in 
atmospheric air without washing, the solvent was evapo 
rated and the chemical absorbent remaining on the Surface of 
the particle reacted with the moisture in the air, then an 
alumina micro particle with an ultra thin polymeric coating 
film on its surface composed of the said chemical absorbent 
was obtained. However, it had almost the same reactivity. 

Next, an ethanol dispersion of the alumina micro particle 
covered with the chemical absorbent monomolecular film 
containing the amino group was applied on the Surface of the 
glass plate covered with a chemical absorbent monomolecu 
lar film containing said epoxy group. The ethanol was 
evaporated and heated with about 100 degrees for about 30 
minutes. The epoxy group and the amino group underwent 
an addition reaction as shown in the chemical formula below 
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6 
(chemical 5), and the glass and the alumina particle were 
bound and fixed through the linking of the two monomo 
lecular films. 

Furthermore, when washed with the organic solvent, such 
as chloroform, the excess alumina particles covered with a 
chemical absorbent monomolecular film containing unre 
acted amino group was eliminated. Then a glass plate 10, 
where only one layer of the alumina micro particle 5 was 
covalently bound on the Surface of the glass plate 1 through 
the intermediary of the two monomolecular films, was 
produced (FIG. 3A). 

(chemical 5) 
O 

--- H2NCH o 

-(CH2)CHCH-NHCH 

OH 

Next, a chemical absorbent which can have a critical 
Surface energy of 10 mN/m or less when forming a mono 
molecular film. A chemical absorbent can include a fluoro 
carbon group (functional portion) and a chlorosilyl group 
(active portion), such as CF (CF), (CH)SiCls. The chemi 
cal absorbent was dissolved in nonaqueous organic solvent 
(such as dehydrated nonane) to prepare the chemical absor 
bent. When the chemical absorbent liquid was applied on the 
Surface of the glass plate and the reaction was carried out 
under a dried air atmosphere (a relative humidity of 30% or 
less was preferable), the dehydrochloric reaction occurred 
between the chlorosilyl group (SiCl) of the chemical absor 
bent and the amino group (-NH2) on the Surface of the 
alumina micro particle. The alumina micro particle 5 on the 
surface of the glass plate 4 was covered with a number of 
amino groups 7 (FIG. 3A), and then bonds shown in a 
chemical formula below (chemical 6) were produced over 
the surface of the alumina micro particle. Next, when 
washed with a chlorofluorocarbon series solvent, a glass 
plate 12 covered with a water repellent monomolecular film 
11 of the chemical absorbent was produced. 

(chemical 6) 
NH 

CF (CF)-(CH2)Si-NH 

NH 

When the plate is left in the atmospheric air without 
washing, the solvent is evaporated and the chemical absor 
bent remaining on the Surface of the glass plate reacted with 
the moisture in the air to form an ultra thin polymeric 
coating film of the chemical absorbent. In addition, the glass 
plate with this coating film had a similar reactivity. 

Since the thickness of the monomolecular film was about 
1 nm at most, a convexo concave of about 50 nm on the 
Surface of the glass plate of the alumina micro particle was 
not affected significantly. In addition, because of the effect 
of the convexo concave, the apparent water-droplet contact 
ing degree of the glass plate was about 160 degrees, and 
Super water repellency was realized. 

In addition, the critical Surface energy of the monomo 
lecular film of CF (CF)(CH2)SiCl, formed on the base 
material with a flat surface was about 6 mN/m, and the 
maximum water-droplet contacting degree was about 115 
degrees. 
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Since the alumina micro particle has higher hardness than 
the glass and it is covalently bound to the Surface of the glass 
plate, the friction resistance was improved notably com 
pared to the monomolecular film of CF (CF)(CH4)2SiCl 
directly formed on the surface of the glass plate. 

Furthermore, since the thickness of the produced coating 
film was about 100 nm total, the transparency of the glass 
plate having the micro particle coating was not decreased or 
damaged. 

Example 2 

After preparing a glass plate having only one layer of the 
alumina particle film covalently bound to its surface as 
described in example 1, a chemical absorbent liquid with a 
concentration of about 1 weight percent (the chemical 
absorbent concentration was 0.5 to 3%) was prepared by 
weighing 99 weight percent of a reagent having a fluoro 
carbon group (-CF) at an end of the reagent and an 
alkoxysilyl group at the other end, such as CF (CF), 
(CH2)2SiOCH) being the reagent, and 1 weight percent of 
dibutylstannum diacetylacetonate as a silanol condensation 
catalyst; and then dissolving them in a silicone solvent. Such 
as a hexamethyldisiloxane solvent. Then the glass plate, 
wherein only one layer of the alumina micro particle was 
covalently bound to the Surface, was soaked in the chemical 
absorbent liquid and the reaction was carried out for about 
two hours; then the plate was washed to eliminate the excess 
chemical absorbent; and then the alkoxysilyl group under 
goes a dealcoholization reaction with the amino group to 
obtain the water repellent glass. 

Example 3 

In contrast to example 1, by forming a chemical absorbent 
monomolecular film containing an amino group on the 
Surface of the glass plate with the same method, then 
forming a chemical absorbent monomolecular film contain 
ing an epoxy group on the Surface of the alumina micro 
particle, then fixing one layer of an alumina micro particle 
on the Surface of the glass plate with the same method, and 
finally, reacting the CF (CF), (CH)SiCl chemical absor 
bent, a water repellent glass was produced. This reaction 
allows the SiCl group to react with the epoxy group. 

In above examples 1 to 3, the compounds shown in 
(chemical 1) and (chemical 3) were used as chemical absor 
bents having reactive groups and alkoxysilyl group at oppos 
ing ends. Also, the compounds shown below (1) to (16) 
could be used as chemical absorbents with or instead of the 
above compounds. 

(CHOCH)CH2O(CH2)7Si(OCH) (1) 

(CHOCH)CH2O(CH2), Si(OCH) (2) 

(CH2CHOCH(CH2)2)CH(CH2)2Si(OCH) (3) 

(CH-CHOCH(CH2)2)CH(CH), Si(OCH) (4) 

(CH-CHOCH(CH2)2)CH(CH2)Si(OCH) (5) 

(C 2OCH)CHO(CH), Si(OCH) (6) 

(CHOCH)CHO(CH), Si(OCH) (7) 
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8 
(CH2CHOCH(CH2)2)CH(CH2)Si(OC2H5) (11) 

HN(CH2)Si(OCH) (12) 

HN(CH2), Si(OCH) (12) 

H2NCH2)Si(OCH) (13) 

Here, the (CHOCH)-group represents a functional group 
shown in a chemical structure below (chemical 7), the 
(CHCHOCH(CH))CH-group represents a functional 
group shown in a chemical structure below (chemical 8). 

(chemical 7) 
O 
/N 
CH-CH 

(chemical 8) 
O-CH-CH 

CH CH 

CH-CH 

Further, in above examples 1 and 3, CF (CF),(CH) 
SiCl, was used as a fluorocarbon series chemical absorbent, 
however, the compounds shown below (21) to (26) could 
also be used with or instead of the above compounds. 

CFCHO(CH2)5SiCl (21) 

Further, in above example 2, CF (CF), (CH)Si(OCH) 
was used as a fluorocarbon series chemical absorbent, how 
ever, the compounds shown below (31) to (42) could also be 
used with or instead of the above compounds. 
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In addition, in above examples 1 to 3, metal carboxylate, 
metal carboxylate ester, polymeric metal carboxylate, metal 
carboxylate chelate, titanic acid ester, and titanic acid ester 
chelate can be used as silanol condensation catalysts. More 
specifically, stannous acetate, dibutylstannicalilaurate, dibu 
tylstannicodioctate, dibutylstannicodiacetate, dioctylstannicodi 
laurate, dioctylstanniccioctate, dioctylstannicaiacetate, 
dioctanoic acid Stannous, lead naphthenate, cobalt naphth 
enate, ferric 2-ethylhexanoate, dioctylstannum bisoctylthio 
glycolate, dioctylstannum maleate, polymeric dibutylstan 
U maleate, polymeric dimethylstannum 

mercaptopropionate, dibutylstannum bisactylacetate, dioc 
tylstannum bisacetyllaurate, tetrabutyltitanate, tetranonylti 
tanate, and bis(acetylacetonitrile) di-propyltitanate, were 
can be used as silanol condensation catalysts. 
A solvent for preparing the film coating can include a 

chemical absorbent selected from an alkoxysilane series or 
chlorosilane series solvent, nonaqueous organic chlorinate 
solvent, hydrocarbonate solvent, fluorocarbonate solvent, 
silicone series solvent, or mixtures thereof. Further, the 
solvent boiling point is recommended at about 50 to 250°C., 
in cases where increase of particle concentration by evapo 
rating the solvent without washing process is intended. 

Specifically, usable solvents are: nonaqueous petroleum 
naphtha, Solvent naphtha, petroleum ether, petroleum ben 
Zene, isoparaffin, n-paraffin, decalin, industrial gasoline, 
nonane, decane, kero, dimethyl silicone, phenyl silicone, 
alkyl modified silicone, polyether silicone, and dimethylfor 
mamide, for chlorosilane series solvents. 

Further, alcoholic Solvents such as methanol, ethanol, or 
propanol, or mixtures thereof can be used in addition to the 
above solvents, in cases where alkoxysilane series absorbent 
are used and an organic film is produced by evaporating the 
solvent. 

In addition, chlorofluorocarbon solvents, Fluorinert (3M 
Co. product), Afluid (Asahi Glass Co. product) are on the 
market as fluorocarbon solvents. Further, these solvents can 
be used alone or, when having good solubility in each other, 
in mixtures of two or more. Furthermore, organic chlorinate 
Solvents such as chloroform may be added. 

In contrast, when a ketimine compound, organic acid, 
aldimine compound, enamine compound, oxazoline com 
pound, or aminoalkylalkoxysilane compound was used 
instead of the above silanol condensation catalysts, the 
processing time was shortened to about a half to two thirds 
under same concentration. 

Furthermore, when the silanol condensation catalyst was 
used in mixture with compounds such as a ketimine com 
pound, organic acid, aldimine compound, enamine com 
pound, oxazoline compound, or aminoalkylalkoxysilane 
compound (mixing ratio range can be 1:9 to 9:1, however, 
1:1 was generally preferable), the processing time was 
shortened further several fold and the coating film produc 
tion time was shortened up to a fraction. 

For example, by substituting the H3 provided by Japan 
Epoxy Resin Co. to the silanol catalyst of dibutylstannum 
oxide while keeping other conditions unchanged, the results 
were almost the same except the reaction time was shortened 
to about one hour. 

Furthermore, by substituting the mixture of the H3, 
ketimine compound, provided by Japan Epoxy Resin Co., 
and dibutylstannum bisacetylacetonate, which is a silanol 
catalyst, (mixing ratio was 1:1) to the silanol catalyst, while 
keeping other conditions unchanged, the results were almost 
the same except the reaction time was shortened to about 20 
minutes. 
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10 
Consequently, as Stated above, it was found that a 

ketimine compound, organic acid, aldimine compound, 
enamine compound, oxazoline compound, or aminoalkylal 
koxysilane compound has higher activity than silanol con 
densation catalyst. 

Furthermore, it was found that using a mixture of the 
silanol condensation catalyst and any one of a ketimine 
compound, organic acid, aldimine compound, enamine com 
pound, oxazoline compound, or aminoalkylalkoxysilane 
compound results in much higher activity. 

In addition, the ketimine compound usable here is not 
limited and others are listed below such as: 
2.5.8-triaza-1.8-nonadiene, 
3,11-dimethyl-4,7,10-triaza-3,10-tridecadiene, 
2,10-dimethyl-3,6,9-triaza-2.9-undecadiene, 
2.4,12,14-tetramethyl-5,8,11-triaza-4,11-pentadecadiene, 
2.4,15, 17-tetramethyl-5,8,11,14-tetraaza-4,14-octadecadi 

ene, 
2.4.20.22-tetramethyl-5,12,19-triaza-4,19-trieicosadiene. 

In addition, a usable organic acid includes, but not limited 
to, a formic acid, acetic acid, propionic acid, butylic acid, or 
malonic acid, and the like, and each one of them nearly had 
the same effect. 

In addition, the above three examples were described with 
alumina micro particle as example, any kind of micro 
particle having a Surface which contains an active hydrogen 
Such as a hydrogen of a hydroxyl group, an amino group, or 
an imino group can be used. 

Specifically, particles other than alumina, Such as silica or 
Zirconia, may be used as a transparent particle that is harder 
than glass material. 

Example 4 

A driving test was conducted in rainy weather by loading 
the water repellent glass plates, which was produced by the 
same conditions as described in example 1, having a water 
droplet contacting degree of about 160 degrees (for practical 
use, water-droplet contacting degrees of 150 degrees or 
more provided the same result) to the automobile front 
paned window (also called windshield; angle of gradient is 
about 45 degrees), the side paned window (angle of gradient 
is about 70 degrees), and the rear paned window (angle of 
gradient is about 30 degrees). 

First, the rain droplet adhesion when parking was evalu 
ated, and all paned windows had almost no adhesion of 
droplet with a diameter of 5 mm or more. 

Next, a driving test was conducted under 45 km/hour 
speed and the rain droplet adhesion on the paned windows 
was evaluated. The side paned window and the rear paned 
window had almost no adhesion of droplet with a diameter 
of about 2 mm or more. In addition, during the driving, a 
number of rain droplets adhered continuously on the wind 
shield, but the droplets with a diameter of about 2 mm or 
more moved toward the upper direction quickly, then flew 
away and did not remain on the windshield to an extent that 
would interfere with the field of vision. Further, when the 
driving speed was increased to 60 km/hour, the droplets with 
a diameter of about 2 mm or more were blown away quickly 
and almost all of them were removed. 

Further, the rearward visibility was evaluated with the 
door mirror through the side paned window plate during the 
driving test, and neither the deflection of the rearward 
visibility, nor the deterioration of the visibility by the rain 
droplets was found significantly. 

In addition, under fine weather conditions, the driving 
visibility with and without the coating film was evaluated. 



automobile according to the present invention provides 
extremely safe conditions for driving under rainy weather. 
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As the transparency of the coating film is 97% or more under 
the light having a wavelength of 400 nm to 700 nm, 
deterioration of visibility was not found significantly com 
pared to the automobile having no coating film. In addition, 
the friction resistance against the windshield wiper was 5 
significantly improved compared with the water repellent 
coating film formed on a glass itself because of the hardness 
of the alumina micro particle. 
From the experiments above, it was confirmed that the 

10 

The relationship between the water-droplet contacting 
degree (including additional data obtained by using other 
materials) and the falling off degree obtained from various 
experiments was shown FIG. 3. As clearly shown in this 
data, when the droplet contacting degree is 150 degrees or 
more, most of the droplets on the paned window run off by 
themselves. 

15 

The invention claimed is: 
1. A water repellent glass comprising: 
a glass substrate defining a top surface; and 
a water repellent transparent micro particle film compris 

1ng: 
a first chemical absorbent monomolecular film formed 

over the top surface of the glass substrate from an 
alkoxysilane compound of the first chemical absor 
bent monomolecular film, having a first end cova 
lently linked to the glass substrate and having a 
reactive group of epoxy which is on a second, 
opposite end of the alkoxysilane compound; 

a second chemical absorbent monomolecular film 
formed on a transparent micro particle, the transpar 
ent micro particle being linked to an alkoxysilane 
compound of the second chemical absorbent mono 
molecular film, having a first end covalently linked 
to the transparent micro particle and having a reac 
tive group of amino on a second, opposite end of the 
alkoxysilane compound of the second chemical 
absorbent monomolecular film, the transparent 
micro particle being coupled to the alkoxysilane 
compound of the first chemical absorbent monomo 
lecular film via a reaction between at least one epoxy 
reactive group of the alkoxysilane compound of the 
first chemical absorbent monomolecular film and at 
least one amino reactive group of the alkoxysilane 
compound of the second chemical absorbent mono 
molecular film, wherein the alkoxysilane compound 
of the second chemical absorbent monomolecular 
film is different than the alkoxysilane compound of 
the first chemical absorbent monomolecular film; 
and 

a water repellent monomolecular film formed via a 
reaction between the alkoxysilane compound of the 
second chemical absorbent monomolecular film and 
an alkoxysilane compound or a chlorosilane com 
pound of the water repellent monomolecular film, 
the alkoxysilane compound or chlorosilane com 
pound of the water repellent monomolecular film 
having a fluorocarbon moiety and a reactive group 
capable of reacting with the alkoxysilane compound 
of the second chemical absorbent monomolecular 
film such that the alkoxysilane compound or chlo 
rosilane compound of the water repellent monomo 
lecular film is covalently linked to the transparent 
micro particle on a side of the transparent micro 
particle positioned distally relative to the top surface 
of the glass substrate, 
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12 
wherein the water repellent transparent micro particle 

film provides the water repellent glass with a water 
droplet contact angle of 150 degrees or more and the 
water repellent transparent micro particle film has a 
thickness of about 100 nmi; 

wherein the first chemical absorbent monomolecular 
film contains the epoxy groups covalently linked to 
the surface of the glass substrate, from hydroxyl 
groups as a result of silanol condensation, linking 
with the glass substrate, and the second chemical 
absorbent monomolecular film contains the amino 
groups chemically linked to the surface of the trans 
parent micro particle, from hydroxyl groups as a 
result of silanol condensation, linking with the trans 
parent microparticle, wherein the first chemical 
absorbent monomolecular film has a thickness of 
about 1 nm and the second chemical absorbent 
monomolecular film has a thickness of about 1 nm. 

2. The water repellent glass of claim 1, wherein the 
transparent micro particle is a micro-particle of silica, alu 
mina, or Zirconia. 

3. The water repellent glass of claim 1, wherein the glass 
substrate having the water repellent transparent micro par 
ticle film has a transparency of at least about 97%. 

4. The water repellent glass of claim 1, wherein the water 
repellent glass is positioned in a vehicle as a windshield, side 
window or rear window. 

5. The water repellent glass of claim 1, wherein the water 
repellent glass is positioned as a window in a building. 

6. The water repellent glass of claim 1, wherein the size 
of the transparent micro particle is smaller than visible light 
wavelength. 

7. The water repellent glass of claim 1, wherein the water 
repellent transparent micro particle film provides the water 
repellent glass with a water-droplet contact angle of about 
160 degrees. 

8. The water repellent glass of claim 1, wherein the 
transparent micro particle is a micro-particle of alumina, 
silica, or zirconia and the transparent micro particle has a 
higher hardness than the glass substrate. 

9. The water repellent glass of claim 1, wherein the water 
repellent monomolecular film has critical surface energy of 
10 mN/m or less. 

10. The water repellent glass of claim 1, wherein the water 
repellent monomolecular film has critical surface energy of 
about 6 mN/m. 

11. The water repellent glass of claim 1, wherein the 
transparent micro particle is a micro-particle of alumina and 
the transparent micro particle has an average diameter of 
about 100 nm. 

12. The water repellent glass of claim 1, wherein the 
alkoxysilane compound of the first chemical absorbent 
monomolecular film is selected from the group consisting 
of: 

O OCH 
/N 

CH-CHCHO(CH2)Si-OCH3, 

OCH 

(CHOCH)CHO(CH), Si(OCH,), (CHOCH) CHO 
(CH), Si(OCH), (CHCHOCH(CH))CH(CH2)Si 
(OCH), (CHCHOCH(CH))CH(CH), Si(OCH), 
(CHCHOCH(CH))CH(CH)Si(OCH), (CHOCH) 
CHO(CH), Si(OCHs), (CHOCH)CHO(CH)'Si 
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(OCHs), (CHCHOCH(CH))CH(CH2)2SiOCHs), 
(CHCHOCH(CH))CH(CH), Si(OCH), and 
(CHCHOCH(CH))CH(CH)Si(OCH). 

13. The water repellent glass of claim 1, wherein the water 
repellent monomolecular film is formed via a reaction 
between the alkoxysilane compound of the second chemical 
absorbent monomolecular film and a chlorosilane com 
pound, the chlorosilane compound being selected from the 
group consisting of CF (CF), (CH)2SiCl, CFCHO 
(CH2)SiCl, CF (CH)Si(CH)(CH)SiCl, 
CF (CF)(CH)2SiOCH)(CH),SiCl, CF (CF), (CH) 
Si(CH)(CH)SiCl, CFCOO(CH2)SiCl, CF (CF) 
(CH)2SiCls. 

14. A water repellent glass comprising: 
a glass Substrate defining a top Surface; and 
a water repellent transparent micro particle film compris 

1ng: 
a first chemical absorbent monomolecular film formed 

over the top surface of the glass Substrate from an 
alkoxysilane compound of the first chemical absor 
bent monomolecular film, having a first end cova 
lently linked to the glass Substrate and having a 
reactive group of epoxy which is on a second, 
opposite end of the alkoxysilane compound; 

a second chemical absorbent monomolecular film 
formed on a transparent micro particle, the transpar 
ent micro particle being linked to an alkoxysilane 
compound of the second chemical absorbent mono 
molecular film, having a first end covalently linked 
to the transparent micro particle and having a reac 
tive group selected from one of an amino or imino 
group which is on a second, opposite end of the 
alkoxysilane compound of the second chemical 
absorbent monomolecular film, the transparent 
micro particle being coupled to the alkoxysilane 
compound of the first chemical absorbent monomo 
lecular film via a reaction between at least one epoxy 
reactive group of the alkoxysilane compound of the 
first chemical absorbent monomolecular film and at 
least one amino or imino reactive group of the 
alkoxysilane compound of the second chemical 
absorbent monomolecular film, wherein the alkox 
ysilane compound of the second chemical absorbent 
monomolecular film is different than the alkoxysi 
lane compound of the first chemical absorbent mono 
molecular film; and 

a water repellent monomolecular film formed via a 
reaction between the alkoxysilane compound of the 
second chemical absorbent monomolecular film and 
an alkoxysilane compound or a chlorosilane com 
pound of the water repellent monomolecular film, 
the alkoxysilane compound or chlorosilane com 
pound of the water repellent monomolecular film 
having a fluorocarbon moiety and a reactive group 
capable of reacting with the amino or imino group of 
the alkoxysilane compound of the second chemical 
absorbent monomolecular film such that the alkox 
ysilane compound or chlorosilane compound of the 
water repellent monomolecular film is covalently 
linked to the transparent micro particle on a side of 
the transparent micro particle positioned distally 
relative to the top surface of the glass substrate; 

wherein the water repellent transparent micro particle film 
provides the water repellent glass with a water-droplet 
contact angle of 150 degrees or more and the water 
repellent transparent micro particle film has a thickness 
of about 100 nm, 
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14 
wherein the first chemical absorbent monomolecular film 

with alkoxysilane compound having the epoxy group 
on the second, opposite end has a thickness of about 1 

. 

15. The water repellent glass of claim 14, wherein: 
the glass Substrate having one or more active hydrogen 

groups on the glass Substrate; 
the alkoxysilane compound of the first chemical absorbent 

monomolecular film being covalently linked to the 
substrate through a reaction between the first end of the 
alkoxysilane compound of the first chemical absorbent 
monomolecular film and the one or more active hydro 
gen groups; 

the transparent micro particle having one or more active 
hydrogen groups; 

the alkoxysilane compound of the second chemical absor 
bent monomolecular film being covalently linked to the 
particle through a reaction between the first end of the 
alkoxysilane compound of the second chemical absor 
bent monomolecular film and the active hydrogen 
groups of the transparent micro particle. 

16. A water repellent glass comprising: 
a glass Substrate defining a top Surface; and 
a water repellent transparent micro particle film compris 

1ng: 
a first chemical absorbent monomolecular film formed 

over the top Surface of the glass Substrate from an 
alkoxysilane compound of the first chemical absor 
bent monomolecular film, having a first end cova 
lently linked to the glass Substrate and having an 
epoxy reactive group which is on a second, opposite 
end of the alkoxysilane compound; 

a second chemical absorbent monomolecular film 
formed on a transparent micro particle, the transpar 
ent micro particle being linked to an alkoxysilane 
compound of the second chemical absorbent mono 
molecular film, having a first end covalently linked 
to the transparent micro particle and having an amino 
reactive group which is on a second, opposite end of 
the alkoxysilane compound of the second chemical 
absorbent monomolecular film, the transparent 
micro particle being coupled to the alkoxysilane 
compound of the first chemical absorbent monomo 
lecular film via a reaction between the epoxy reactive 
group of the alkoxysilane compound of the first 
chemical absorbent monomolecular film and the 
amino reactive group of the alkoxysilane compound 
of the second chemical absorbent monomolecular 
film, wherein the alkoxysilane compound of the 
second chemical absorbent monomolecular film is 
different than the alkoxysilane compound of the first 
chemical absorbent monomolecular film; and 

a water repellent monomolecular film formed via a 
reaction between the alkoxysilane compound of the 
second chemical absorbent monomolecular film and 
an alkoxysilane compound or a chlorosilane com 
pound of the water repellent monomolecular film, 
the alkoxysilane compound or chlorosilane com 
pound of the water repellent monomolecular film 
having a fluorocarbon moiety and a reactive group 
capable of reacting with the amino group of the 
alkoxysilane compound of the second chemical 
absorbent monomolecular film such that the alkox 
ysilane compound or chlorosilane compound of the 
water repellent monomolecular film is covalently 
linked to the transparent micro particle on a side of 
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the transparent micro particle positioned distally 
relative to the top surface of the glass substrate; 

wherein the water repellent transparent micro particle film 
provides the water repellent glass with a water-droplet 
contact angle of 150 degrees or more and the water 5 
repellent transparent micro particle film has a thickness 
of about 100 nm, 

wherein the second chemical absorbent monomolecular 
film with alkoxysilane compound having the amino 
reactive group has a thickness of about 1 nm. 

17. A water repellent glass comprising: 
a glass Substrate defining a top Surface; and 
a water repellent transparent micro particle film compris 

ing: 
a first chemical absorbent monomolecular film formed 

over the top surface of the glass Substrate from an 
alkoxysilane compound of the first chemical absor 
bent monomolecular film, having a first end cova 
lently linked to the glass Substrate and having a 
reactive group that is an amino group which is on a 
second, opposite end of the alkoxysilane compound; 

a second chemical absorbent monomolecular film 
formed on a transparent micro particle, the transpar 
ent micro particle being linked to an alkoxysilane 
compound of the second chemical absorbent mono 
molecular film, having a first end covalently linked 
to the transparent micro particle and having a reac 
tive group that is an epoxy group which is on a 
second, opposite end of the alkoxysilane compound 
of the second chemical absorbent monomolecular 
film, the transparent micro particle being coupled to 
the alkoxysilane compound of the first chemical 
absorbent monomolecular film via a reaction 
between at least one amino reactive group of the 
alkoxysilane compound of the first chemical absor 
bent monomolecular film and at least one epoxy 
reactive group of the alkoxysilane compound of the 
second chemical absorbent monomolecular film, 
wherein the alkoxysilane compound of the second 
chemical absorbent monomolecular film is different 
than the alkoxysilane compound of the first chemical 
absorbent monomolecular film; and 

a water repellent monomolecular film formed via a 
reaction between the alkoxysilane compound of the 
second chemical absorbent monomolecular film and 
an alkoxysilane compound or a chlorosilane com 
pound of the water repellent monomolecular film, 
the alkoxysilane compound or chlorosilane com 
pound of the water repellent monomolecular film 
having a fluorocarbon moiety and a reactive group 
capable of reacting with the epoxy group of the 
alkoxysilane compound of the second chemical 
absorbent monomolecular film such that the alkox 
ysilane compound or chlorosilane compound of the 
water repellent monomolecular film is covalently 
linked to the transparent micro particle on a side of 
the transparent micro particle positioned distally 
relative to the top surface of the glass Substrate, 

wherein the water repellent transparent micro particle film 
provides the water repellent glass with a water-droplet 
contact angle of 150 degrees or more and the water 
repellent transparent micro particle film has a thickness 
of about 100 nm, 

wherein the first chemical absorbent monomolecular film 
contains amino groups covalently linked to the Surface 
of the glass Substrate, from hydroxyl groups as a result 
of silanol condensation, linking with the glass Sub 
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16 
strate, and the second chemical absorbent monomo 
lecular film contains epoxy groups chemically linked to 
the Surface of the transparent micro particle, from 
hydroxyl groups as a result of silanol condensation, 
linking with the transparent microparticle, wherein the 
first chemical absorbent monomolecular film has a 
thickness of about 1 nm and the second chemical 
absorbent monomolecular film has a thickness of about 
1 nm. 

18. The water repellent glass of claim 17, wherein the 
alkoxysilane compound of the first chemical absorbent 
monomolecular film is selected from the group consisting 
of: 

OCH 

HN(CH2)Si-OCH, 

OCH 

HN(CH). Si(OCH), HN(CH), Si(OCH), 
HN(CH2)Si(OCH), HN(CH2)Si(OCHs), 
HN(CH), Si(OCHs), H2NCH).Si(OCH). 

19. A water repellent glass comprising: 
a glass Substrate defining a top Surface; and 
a water repellent transparent micro particle film compris 

1ng: 
a first chemical absorbent monomolecular film formed 

over the top Surface of the glass Substrate from an 
alkoxysilane compound of the first chemical absor 
bent monomolecular film, having a first end cova 
lently linked to the glass Substrate and having a 
reactive group selected from one of an epoxy group 
or an amino or imino group on a second, opposite 
end of the alkoxysilane compound; 

a second chemical absorbent monomolecular film 
formed on a transparent micro particle, the transpar 
ent micro particle being linked to an alkoxysilane 
compound of the second chemical absorbent mono 
molecular film, having a first end covalently linked 
to the transparent micro particle and having a reac 
tive group selected from one of an epoxy group or an 
amino or imino group on a second, opposite end of 
the alkoxysilane compound of the second chemical 
absorbent monomolecular film, the transparent 
micro particle being coupled to the alkoxysilane 
compound of the first chemical absorbent monomo 
lecular film via a reaction between at least one 
reactive group of the alkoxysilane compound of the 
first chemical absorbent monomolecular film and at 
least one reactive group of the alkoxysilane com 
pound of the second chemical absorbent monomo 
lecular film, wherein the alkoxysilane compound of 
the second chemical absorbent monomolecular film 
is different than the alkoxysilane compound of the 
first chemical absorbent monomolecular film; 

wherein if the reactive group of the first chemical 
absorbent monomolecular film is an epoxy group 
then the reactive group of the second chemical 
absorbent monomolecular film is an amino or imino 
group, and if the reactive group of the first chemical 
absorbent monomolecular film is an amino or imino 
group then the reactive group of the second chemical 
absorbent monomolecular film is an epoxy 
group; and 
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a water repellent monomolecular film formed via a 
reaction between the alkoxysilane compound of the 
second chemical absorbent monomolecular film and 
an alkoxysilane compound or a chlorosilane com 
pound of the water repellent monomolecular film, 5 
the alkoxysilane compound or chlorosilane com 
pound of the water repellent monomolecular film 
having a fluorocarbon moiety and a reactive group 
capable of reacting with the alkoxysilane compound 
of the second chemical absorbent monomolecular 10 
film Such that the alkoxysilane compound or chlo 
rosilane compound of the water repellent monomo 
lecular film is covalently linked to the transparent 
micro particle on a side of the transparent micro 
particle positioned distally relative to the top surface 15 
of the glass Substrate, 

wherein the first chemical absorbent monomolecular 
film has a thickness of about 1 nm, with the reactive 
group of the alkoxysilane of that film as the epoxy 
group and the second chemical absorbent monomo- 20 
lecular film has a thickness of about 1 nm with the 
reactive group of the alkoxysilane of that film as the 
epoxy group, and wherein the water repellent trans 
parent micro particle film provides the water repel 
lent glass with a water-droplet contact angle of 150 25 
degrees or more and the water repellent transparent 
micro particle film has a thickness of about 100 nm. 

k k k k k 


