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ABSTRACT OF THE DISCLOSURE

A coating solution for forming a selectively transmitting

film which is effective for cutting off ultraviolet radiation 

in a wide range of wavelengths up to about 400 nm, maintains 

its stability and effect for a long time, has also a power of 

cutting off heat rays and a controlled transmittance of visible

···· 
• · ·

light, has

particles

applicable

any desired color produced by the addition

of an appropriate inorganic substance.

to glass in any existing building, or the

of fine

and is

like by

' · · 
····

····
• ·

a simple and inexpensive method using an appropriately selected

binder, and a selectively transmitting film and a selectively

transmitting multilayer film which are formed from the solution.

The solution is a dispersion of fine particles having an average

diameter of 100 nm or less of at least one of ruthenium oxide.

titanium nitride, tantalum nitride, titanium silicide.

,····, molybdenum silicide, lanthanum boride, iron oxide and iron·· ·····
....· (Ill) hydroxide oxide. It may also contain at least one of the

.... alkoxides of silicon, zirconium, titanium and aluminum, and
····
·.··. partially hydrolyzed polymers of those alkoxides, or a

synthetic resin as a binder. The selectively transmitting film 

is formed by coating a base material with the solution, and 

hardening it. The selectively transmitting multilayer film 

has another film formed on the selectively transmitting film 

and containing at least one of the alkoxides of silicon, 

zirconium, titanium and aluminum, partially hydrolyzed 

polymers of those alkoxides, and a synthetic resin.
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• · · · • · ·

COATING SOLUTION FOR FORMING A SELECTIVELY TRANSMITTING 

FILM, A SELECTIVELY TRANSMITTING FILM AND A SELECTIVELY 

TRANSMITTING MULTILAYER FILM

BACKGROUND OF THE INVENTION

1. Field of the Invention:

This invention relates to a coating solution for forming 

a selectively transmitting film on a transparent base, such as 

glass or plastics. More particularly, it relates to a

selectively transmitting film, or multilayer film for
• · ·

• · ·• · ·• · · ·
•

• ·
• ·

transmitting, reflecting or absorbing ultraviolet radiation, 

heat rays, visible light or infrared radiation selectively
• · · · ·•
> · "■ · depending on the purpose for which it is used, and a coating 

solution for forming the same.
• · · • · ·• · ·
• · · ·• · ·• · ·

2. Description of the Prior Art:

Ultraviolet radiation is feared, since it has been
• · · ·• · ·• · ·
• · · ·• ·• · · ·

showing a sharp increase in its amount reaching the Earth as 

a result of the formation, or enlargement of holes in the ozone
• · · ·• «• · · ·

• · · ·• · ·• ·

layer, and has an adverse effect on the human body by, for example, 

causing sunburn, or a cancer of the skin. It passes through 

windows into houses, buildings, automobiles, shops, etc., and 

causes the fading, discoloration, or deterioration of curtains, 

carpets, sofas, or other pieces of furniture, pictures, papers, 

etc.

Oxides of titanium, cerium or zinc have , for example, been 

known as an agent for cutting off ultraviolet radiation, but 

as they have a low absorbance of ultraviolet radiation having 

long wavelengths in the vicinity of 400 nm, none of these
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compounds has been satisfactory as a material for cutting off 

wavelengths in the vicinity of 400 nm if they are used alone.

Another known agent for cutting off ultraviolet radiation 

comprises an organic compound such as benzophenone. It has a 

high absorbance of ultraviolet radiation, but it has been 

difficult to expect from it a steady power of cutting off 

ultraviolet radiation for a long time, since it is decomposed 

by absorbing ultraviolet radiation.

Attention has recently come to be drawn to glass for 

cutting off heat rays for saving the consumption of energy by 

cutting off the entry of the heat energy of sunlight through 

windows and thereby reducing the load of air conditioners during 

summer, and glass having a regulated transmittance of visible 

light for the protection of privacy. These sheets of glass have, 

however, had a demand differing widely in the place of use, color, 

transmittance of light, and the power of cutting off heat rays, 

and as the functional films formed on those sheets of glass for 

imparting the necessary functions to them have mostly been 

formed by a dry process such as sputtering, or vapor deposition, 

it has been difficult to manufacture many kinds of different 

products each in a small quantity to satisfy any and all demands , 

and the necessity for large equipment and complicated operation 

has meant a very high cost of manufacture. Moreover, there have 

been available few products having a power of cutting off 

ultraviolet radiation having wavelengths particularly in the 

vicinity of 400 nm, nor has there been substantially any glass 

adapted to control the transmission of all of ultraviolet
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radiation, heat rays (solar energy) and visible light.
A film coloured with an organic dye has also been 

commercially available, but no such film has been very 
effective, as the dye is seriously damaged by ultraviolet 

5 radiation, etc.
The dry process used for forming the functional films 

as stated above requires large and complicated vacuum 
equipment, etc., and has been inapplicable to any work that
has to be done on any glass in, say, the windows of existing 

10 houses, buildings, automobiles, etc.

SUMMARY OF THE INVENTION
Under these circumstances, the present invention seeks 

to provide a coating solution for forming a selectively 
15 transmitting film which is effective for cutting off 

ultraviolet radiation in a wide range of wavelengths up to 
about 400 nm, maintains its stability and effect for a long 
time, as opposed to the known organic agent, or dye for 
cutting off ultraviolet radiation, has also a power of 

20 cutting off heat rays and a controlled transmittance of 
visible light, has any desire color produced by the addition 
of fine particles of an appropriate inorganic substance, and 
is applicable to glass in an existing building, or the like 
by a simple and inexpensive method using an appropriately 

25 selected binder, and also to provide a selectively 
transmitting film and a selectively transmitting multilayer
film which are formed from the solution.

We, the inventors of this invention, have made this 
invention by finding that the problems of the prior art as 

30 pointed out above can be overcome by dispersing fine 
particles of an inorganic substance of high weatherability 
having a specific average diameter.
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According to a first aspect of the present invention, 
there is provided a coating solution for forming a 
selectively transmitting film which comprises a dispersion 
of fine particles having an average diameter of 100 nm or 

5 less of at least one substance selected from titanium
nitride, tantalum nitride, titanium silicide, molybdenum 
silicide, ziroconium nitride, hafnium nitride, lanthanum 
boride, titanium boride, iron nitrogen oxide, iron (III) 
hydroxide oxide and iron nitride which may also contain at 

10 least one substance selected from the alkoxides of silicone, 
zirconium, titanium and aluminium, and partially hydrolyzed
polymers of those alkoxides, and which may further contain a 
synthetic resin as a binder.

According to a second aspect of this invention, there
15 is provided a selectively transmitting film formed by 

coating a base material with a coating solution as defined 
above, and hardening it.

According to a third aspect of this invention, there is 
provided a selectively transmitting multilayer film having 

20 another film formed on the selectively transmitting film as 
defined above, and containing at least one substance
selected from the alkoxides of silicone, zirconium, titanium 
and aluminium, partially hydrolyzed polymers of those
alkoxides, and a synthetic resin.

25
DETAILED DESCRIPTION OF THE INVENTION

-4-



We have made a careful study of finely divided inorganic

materials absorbing ultraviolet radiation having long 

wavelengths in the vicinity of 400 nm effectively, and have 

first found iron oxide and hydroxide. We have found that a film 

formed by coating a base material with a solution prepared by 

dispersing fine particles of iron oxide or iron (III) hydroxide 

oxide having an average diameter of 100 nm or less transmits 

light in the visible range and absorbs light in the ultraviolet 

range.

We have also studied fine particles of ruthenium oxide, 

titanium nitride, tantalum nitride, titanium silicide, 

molybdenum silicide and lanthanum boride, and found that they 

are all a powder absorbing light in the visible range, but that 

a film formed by dispersing any such fine particles having an 

average diameter of 100 nm or less transmits light in the visible 

range, and cuts off light in the near infrared range.

As regards the color of a film formed by dispersing any

such fine particles having an average diameter of 100 nm or less , 

a film of iron oxide has a red color, a film of iron hydroxide 

oxide a yellow color, a film of ruthenium oxide a green color, 

a film of any of titanium nitride, tantalum nitride, titanium

silicide and molybdenum silicide a blue color, and a film of 

lanthanum boride a purplish red color.

The following are examples of other inorganic materials 

that are comparable in properties to those listed above.

It is possible to use fine particles of Pb2Ru2O65 or

Bi2Ru2O7.x instead of fine particles of ruthenium oxide; fine
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• · · ·

particles of zirconium or hafnium nitride instead of fine 

particles of titanium or tantalum nitride, or titanium or 

molybdenum silicide; fine particles of titanium boride instead 

of lanthanum boride; and fine particles of iron nitrogen oxide 

or iron nitride instead of iron (III) hydroxide oxide.

The fine particles of an inorganic substance in the 

coating solution of this invention are required to have an 

average diameter of 100 nm or less. If their average diameter 

is larger than 100 nm, the flocculation of particles in their
* · ·
·· ·

• ··
• · ·
• · · ·

dispersion is likely to cause the settlement of the coagulated
•

• · particles in the coating solution. Particles having an average
• ···* 
•

• · ·
• · ·

• ··

• · ·
• · ·
• · ·

diameter exceeding 100 nm, and coarser particles formed by their 

cogulation are also undesirable, since their scattering of 

light is likely to bring about an increase in haze of a film
•t*·’·
·· 4 and a decrease of its visible light transmittance. While the
• · ··

• · ·
• · ·
····

• · 
····

····
• ·

fine particles are required to have an average diameter of 100 

nm or less for the reasons as stated above, its lower limit 

is about 2 nm, since this is the smallest average particle
···· 

·· ··
• · ·
• ·

diameter that is economically available in accordance with the 

present state of art.

The medium to be used for dispersing the fine particles 

in the coating solution is not particularly limited, but depends 

on the coating conditions, or environment, the alkoxide and

synthetic resin binder employed in the coating solution, etc. , 

and may, for example, be water, or an organic solvent such as 

alcohol, while an acid, or alkali can be added to adjust the 

pH of the solution, if required. It is also possible to add 

6



any of coupling agents, surface active agents, etc. to improve 

the dispersion stability of the fine particles in the ink to 

a further extent. The amount of each additive is 30% by weight 

or less , preferably 5% by weight, relative to the fine particles . 

Any method can be employed for dispersing the fine particles 

if it can disperse them uniformly in the solution, and examples 

are a method using a ball-mill, or sand mill, and ultrasonic 

dispersion.

The selectively transmitting film of this invention is 

a film formed by the highly dense deposition of the fine 

particles on a base material. The alkoxide of silicon, 

zirconium, titanium or aluminum; or the partially hydrolyzed 

polymer of any such alkoxide, or the synthetic resin binder in 

the coating solution improves the bonding of the fine particles 

to the base material upon hardening of the film, and also 

improves the hardness of the film. The bonding force of the 

film consisting mainly of the fine particles to the base 

material and its hardness and weatherability can be improved 

to a further extent by forming thereon as a second layer a film 

containing a metal alkoxide , as of silicon, zirconium, titanium 

or aluminum, or a partially hydrolyzed polymer of any such 

alkoxide, or a synthetic resin.

If the coating solution does not contain any alkoxide of 

silicon, zirconium, titanium or aluminum, or any partially 

hydrolyzed polymer thereof, or any synthetic resin, there is 

obtained a film composed solely of the fine particles deposited 

on the base material. Although it transmits light selectively. 

7



a multilayer film formed by forming thereon a film by applying 

a coating solution containing the alkoxide of silicon, 

zirconium, titanium or aluminum, or a partially hydrolyzed 

polymer of any such alkoxide, or a synthetic resin has a lower 

degree of haze, an improved transmittance of light in the 

visible range and an improved bonding of the fine particles to 

the base material, since the coating solution fills the 

interstices between the fine particles in the first layer.

Although sputtering or vapor deposition can be employed 

for forming a film of any metal alkoxide, as of silicon, 

zirconium, titanium or aluminum, or any partially hydrolyzed 

polymer thereof covering the film consisting mainly of the fine 

particles, wet-type coating using coating solutions is a more 

effective method owing to its advantages including its ease and 

low cost in forming a film. A coating solution for forming such 

a film contains one or more of alkoxides as of silicon, zirconium, 

titanium and aluminum, and partially hydrolyzed polymers 

thereof in water or alcohol, preferably in the amount of 40% 

by weight or less based on oxides formed upon heating. An acid, 

or alkali can be added to the solution to adjust its pH, if 

required. The solution is coated on the film consisting mainly 

of the fine particles, and heated to form a second layer, whereby 

a film of oxide, as of silicon, zirconium, titanium or aluminum, 

can be formed easily.

Any method, such as spin, spray or dip coating, screen 

printing, or flow coating, may be employed without any 

particular limitation for applying the coating solution for 
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forming the first or second layer if it can form a smooth, thin 

and uniform film.

After it has been coated with the solution containing any 

such metal alkoxide, or partially hydrolyzed polymer thereof, 

the base material is heated at a temperature preferably not 

lower than 100°C, and more preferably not lower than the boiling 

point of the solvent in the solution. If its heating temperature 

is lower than 100°C , the polymerization reaction of the alkoxide ,

or partially hydrolyzed polymer thereof in the film often 

remains yet to be completed, and water or an organic solvent 

remains in the film until after heating, and lowers its 

transmittance of visible light.

If the solution contains a synthetic resin binder, it is 

cured by a method which is appropriate for the resin. If it 

is, for example, an ultraviolet-curing resin, the film is 

exposed to an appropriate amount of ultraviolet radiation, and 

if it is a cold-curing resin, the film is left to stand. Therefore , 

the solution is applicable to, for example, any existing window 

pane at the site of a building, and has a widened scope of use.

The coating solution of this invention is a dispersion 

of the fine particles, and can be used to form a thin transmitting

film having a uniform thickness and stable properties, since 

it does not rely upon the decomposition of its constituents by 

the heat of baking, or their chemical reaction for forming a

film for cutting off sunlight.

The film formed from the dispersion of fine particles

9



according to this invention is a film formed by the highly dense 

deposition of the fine particles on a base material. The 

alkoxide of silicon, zirconium, titanium or aluminum, or the 

partially hydrolyzed polymer of any such alkoxide, or the 

synthetic resin binder in the coating solution improves the 

bonding of the fine particles to the base material upon 

hardening of the film, and also improves the hardness of the 

film.

This invention makes it possible to produce an ink having

.. an appropriate transmittance of ultraviolet radiation, visible
····

;···· light, or infrared radiation and an appropriate color which are

• ··* · · suitable for its intended use, if the fine particles are
• ··

• · ·
> · ·
• · ·
• · « · 

’ · «
»· ·

prepared from an appropriate mixture of materials. As the fine 

particles are of an inorganic material, they have a very high 

level of weatherability as compared with those of any organic
···«

• · 
• · ·
····

•
····

····
•

····

• ··
• ·

•

material, and hardly undergo any change or lowering in color, 

or other properties even if they may be used in any place exposed 

to sunlight (ultraviolet radiation).

This invention also makes it possible to form a wide 

variety of selectively transmitting films each in a small 

quantity. It can readily satisfy a wide variety of demands by, 

for example, preparing a plurality of solutions having 

different compositions for coating window panes in one and the 

same building, such as one having a high power of cutting off 

sunlight and thereby reducing any influence of its heat for a 

window exposed to the afternoon sun, one having a low 

transmittance of visible light and thereby enabling the

10



protection of privacy for a window of the ground floor exposed 

to the eyes of other people, one having a high power of cutting 

off ultraviolet radiation for a window through which intense 

sunlight comes in to cause the fading in color of furniture, 

curtains, etc., and the sunburn of the human body, and one 

producing a color matching a particular room. As it is in almost 

all of the cases after the start of use of, say, a house that 

any such demand arises, it is of great advantage that it is 

possible to prepare a coating solution at the site of its 

application by using a cold-curing binder and considering the 

situation which has made its application to, say, a window pane 

necessary or desirable.

EXAMPLES

The invention will now be described by way of examples 

embodying it and comparative examples.

Example 1:

A dispersion of iron oxide (Fe2O3) in the amount of 100 

g was prepared by mixing 20 g of fine particles of iron oxide 

(Fe2O3) having an average diameter of 30 nm, 69.5 g of ethyl 

alcohol, 10 g of diacetone alcohol (DAA) and 0.5 g of a titanate

type coupling agent (PRENACT KR-44, product of Ajinomoto Corp. ) 

in a ball- mill with zirconia balls having a diameter of 4 mm 

for 80 hours (solution A).

A mixed ethyl silicate solution in the amount of 100 g 

was prepared by mixing 30 g of ethanol uniformly with 70 g of 

an ethyl silicate solution obtained by mixing 25 g of ethyl 

silicate 40 (product of Tama Chemical Industrial Co. , Ltd. ) with

11



32 g of ethanol, 8 g of a 5% aqueous solution of hydrochloric 

acid and 5 g of water (solution B).

Solutions A and B were thoroughly mixed by dilution with 

ethanol so as to form a solution having the composition shown 

at Example 1 in Table 1. 15 g of the solution was dropped from 

a beaker onto a base formed by a sheet of soda-lime glass 

measuring 200 mm square by 3 mm and rotating at 200 rpm, and 

it was kept rotating for five minutes until its rotation was

stopped. Then, the glass sheet was heated for 30 minutes in 

an electric oven having a temperature of 180°C, whereby a film

was formed thereon as intended.

The film as formed was examined for its transmittance of 

wavelengths of 200 to 1800 nm by a spectrophotometer made 

by Hitachi, Limited, and its transmittances of solar energy (xe) 

and visible light (τν) were calculated in accordance with JIS 

R 3106, and its transmittance of ultraviolet radiation (xuv)

in accordance with ISO 9050. Its 400-nm transmittance (400 

nmT%) was also read. The results are shown in Table 2. Table 

2 also shows the optical characteristics of films as formed in 

Examples 2 to 12 and Comparative Examples 1 and 2 which will 

hereinafter be described.

Example 2:

Solution A was diluted with ethanol to form a solution 

having an iron oxide (Fe2O3) concentration of 3.0%, and 15 g 

of the solution was dropped from a beaker onto a base formed 

by a sheet of soda-lime glass measuring 200 mm square by 3 mm 

12



and rotating at 200 rpm, and it was kept rotating for five minutes 

until its rotation was stopped. Solution B was also diluted 

with ethanol to form a solution having a SiO2 concentration of 

3.0%, and 15 g of the solution was dropped from a beaker onto 

the base coated as described, and rotating at 200 rpm, and it 

was kept rotating for five minutes until its rotation was 

stopped. Then, the glass sheet was heated for 30 minutes in 

an electric oven having a temperature of 180°C, whereby a film

was formed thereon as intended. The optical characteristics 

of the film are shown in Table 2.

Example 3:

A dispersion of iron (III) hydroxide oxide (FeOOH) in the 

amount of 100 g was prepared by mixing 20 g of fine particles 

of iron (III) hydroxide oxide(FeOOH)having an average diameter 

of 30 nm, 69.5 g of ethyl alcohol, 10 g of diacetone alcohol 

(DAA) and 0.5 g of a titanate type coupling agent (PRENACT KR-44 , 

product of Ajinomoto Corp. ) in a ball mill with zirconia balls

having a diameter of 4 mm for 80 hours (solution C). A 

cold-curing silicone resin was diluted with ethanol to form a 

solution having a solid content of 20% (solution D).

Solutions C and D were diluted with ethanol to form a

solution having the composition shown at Example 3 in Table 1, 

and Example 1 was thereafter repeated for forming a film as 

intended and determining its optical characteristics. The 

optical characteristics of the film are shown in Table 2. 

Example 4:

Solutions A, C and D were diluted with ethanol to form 

13



a solution having the composition shown at Example 4 in Table

1, and Example 1 was thereafter repeated for forming a film as 

intended. The optical characteristics of the film are shown 

in Table 2.

Example 5:

A dispersion of ruthenium oxide (RuO2) in the amount of

100 g was prepared by mixing 20 g of fine particles of ruthenium 

oxide (RuO2) having an average diameter of 40 nm, 69.5 g of ethyl 

alcohol, 10 g of N-methyl-2-pyrrolidone and 0.5 g of a titanate 

type coupling agent (PRENACT KR-44, product of Ajinomoto Corp. ) 

in a ball mill with zirconia balls having a diameter of 4 mm 

for 100 hours (solution E).

Solutions A, B and E were diluted with ethanol to form 

a solution having the composition shown at Example 5 in Table 

1, and Example 1 was thereafter repeated for forming a film as

intended. The optical characteristics of the film are shown 

in Table 2.

Example 6:

Solutions C, B and E were diluted with ethanol to form 

a solution having the composition shown at Example 6 in Table 

1, and Example 1 was thereafter repeated for forming a film as 

intended. The optical characteristics of the film are shown 

in Table 2.

Example 7:

Solutions C, B and E were diluted with ethanol to form 

a solution having the composition shown at Example 7 in Table 

1, and Example 1 was thereafter repeated for forming a film as 

14



intended. The optical characteristics of the film are shown 

in Table 2.

Example 8:

Solutions C, B and E were diluted with ethanol to form 

a solution having the composition shown at Example 8 in Table 

1, and Example 1 was thereafter repeated for forming a film as 

intended. The optical characteristics of the film are shown 

in Table 2.

Example 9:

A dispersion of titanium nitride (TIN) in the amount of

100 g was prepared by mixing 20 g of fine particles of titanium 

nitride(TiN) having an average diameter of 30 nm, 69.5 g of 

diacetone alcohol, 10 g of N-methyl-2-pyrrolidone and 0.5 g of 

a silane coupling agent in a ball mill with zirconia balls having 

a diameter of 4 mm for 100 hours (solution F).

Solutions B, C and F were diluted with ethanol to form 

a solution having the composition shown at Example 9 in Table

1, and Example 1 was thereafter repeated for forming a film as 

intended. The optical characteristics of the film are shown 

in Table 2.

Example 10:

Solutions B and F were diluted with ethanol to form a 

solution having the composition shown at Example 10 in Table 

1, and Example 1 was thereafter repeated for forming a film as 

intended. The optical characteristics of the film are shown 

in Table 2.

Example 11:

15



A dispersion of lanthanum boride(LaB6) in the amount of 

100 g was prepared by mixing 20 g of fine particles of lanthanum 

boride (LaB6) having an average diameter of 40 nm, 69.5 g of 

diacetone alcohol, 10 g of N-methyl-2-pyrrolidone and 0.5 g of 

a silane coupling agent in a ball mill with zirconia balls having 

a diameter of 4 mm for 100 hours (solution G).

Solutions A, B and G were diluted with ethanol to form 

a solution having the composition shown at Example 11 in Table

···· 1, and Example 1 was thereafter repeated for forming a film as
♦ · 

'·· ·

• ··
• · ·
*···

•

• ·

intended. The optical characteristics of the film are shown 
in Table 2.

• ·
• ····
•

• ··
• · ·
* ··

Example 12:

Solutions B and E were diluted with ethanol to form a

··
 ·

solution having the composition shown at Example 12 in Table

1, and Example 1 was thereafter repeated for forming a film as

intended. The optical characteristics of the film are shown 

in Table 2.

Comparative Example 1:

A dispersion of titanium oxide(TiO2) in the amount of 100 

g was prepared by mixing 30 g of fine particles of titanium oxide 

(TiO2) having an average diameter of 50 nm, 59.5 g of ethyl 

alcohol, 10 g of diacetone alcohol (DAA) and 0.5 g of a titanate 

type coupling agent (PRENACT KR-44, product of Ajinomoto Corp. ) 

in a ball mill with zirconia balls having a diameter of 4 mm 

for 100 hours (solution H).

Solutions B and H were thoroughly mixed by dilution with 

ethanol so as to form a solution having the composition shown

16



dropped from a beaker onto a base formed by a sheet of soda-lime 

glass measuring 200 mm square by 3 mm and rotating at 100 rpm, 

and it was kept rotating for two minutes until its rotation was 

stopped. Then, the glass sheet was heated for 15 minutes in 

an electric oven having a temperature of 180°C, whereby a film 

was formed thereon as intended. The optical characteristics 

of the film are shown in Table 2.

Comparative Example 2:
*· · · ♦ ·> ·'·· · A dispersion of zinc oxide(ZnO) in the amount of 100 g

• ··• · * ♦···
ί ·

was prepared by mixing 30 g of fine particles of zinc oxide ( ZnO)
• ·

• ·• ····•
• · ·• · ·• ··

having an average diameter of 45 nm, 59.5 g of ethyl alcohol,

10 g of diacetone alcohol (DAA) and 0.5 g of a titanate type

• ·· <· · ·
coupling agent (PRENACT KR-44, product of Ajinomoto Corp.) in

• ··
• ·.· · (· · ·1·· ·

a ball mill with zirconia balls having a diameter of 4 mm for

100 hours (solution I).
<·**·* ·• · ·
···· ■· ·····

Solutions B and I were diluted with ethanol so as to form 

a solution having the composition shown at Comparative Example
···· 
···♦ 

·· ··• · · • '«

2 in Table 1, and Comparative Example 1 was thereafter repeated 

for forming a film as intended. The optical characteristics 

of the film are shown in Table 2.
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Table 1

Solid contents of coating ink (% by weight)

Table 2

Iron oxide Iron (III) 
hydroxide

Ruthenium 
oxide

Titanium 
nitride

Lanthanu 
m boride

Titanium 
oxide

Zinc oxide Binder

Example 1 5.0 0.0 0.0 0.0 0.0 5.0
Example 2 3.0 0.0 0.0 0.0 0.0 0.0
Example 3 0.0 6.0 0.0 0.0 0.0 7.0
Example 4 1.5 5.0 0.0 0.0 0.0 3.5
Example 5 3.2 0.0 2.1 0.0 0.0 5.0
Example 6 0.0 7.0 2.0 0.0 0.0 6.0
Example 7 0.0 6.0 1.0 0.0 0.0 3.5
Example 8 0.0 6.0 0.5 0.0 0.0 3.5
Example 9 0.0 6.0 0.0 1.0 0.0 3.0
Example 10 0.0 0.0 0.0 0.8 0.0 3.5
Example 11 2.0 0.0 0.0 0.0 1.1 3.5
Example 12 0.0 0.0 1.0 0.0 0.0 1.0
Comparative
Example 1 12.0 0.0 2.0
Comparative 
Example 2 0.0 10.0 3.0

Optical characteristics (%)

xuv 400nmT% tv xe Color transmitted
Example 1 1.57 1.69 59.29 76.47 Red
Example 2 5.33 6.63 66.81 79.10 Red
Example 3 3.26 4.83 81.30 90.6 Yellow
Example 4 0.42 2.72 72.08 80.55 Brown
Example 5 0.75 1.28 29.63 27.72 Reddish preen
Example 6 0.37 2.50 26.99 24.57 Yellowish preen
Example 7 0.86 7.23 54.60 45.57 Yellowish preen
Example 8 1.74 13.56 73.87 66.28 Yellowish preen
Example 9 0.98 8.12 53.20 44.57 Green
Example 10 28.6 43.52 60.23 49.41 Blue
Example 11 6.25 7.23 53.76 47.36 Purplish red
Example 12 21.8 35.2 53.3 40.2 Green
Comparative 
Example 1 19.36 80.23 88.22 None
Comparative 
Example 2 14.51 82.39 89.15 None

It is obvious from Table 2 that the films according to 

the Examples of this invention showed very good results in all 

of their optical characteristics, i.e. their transmittances of 

solar energy (xe) , visible light (xv) and ultraviolet radiation 

(xuv) , and 400-nm transmittance (400 nm T%), while also

18
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presenting the desired colors, as opposed to the products of 
the Comparative Examples.

As is obvious from the foregoing, this invention can 
provide a coating solution for forming a selectively 

5 transmitting film which is effective for cutting off 
ultraviolet radiation in a wide range of wavelengths up to 
about 400 nm, maintains it stability and effect for a long
time, as opposed to the known organic agents, or dye for 
cutting off heat rays and a controlled transmittance of 

10 visible light, has any desired color produced by the 
addition of fine particles of an appropriate inorganic 
substance, and is applicable to glass in any existing 
building, or the like by a simple and inexpensive method 
using an appropriately selected binder, and also provide a 

15 selectively transmitting film and a selectively transmitting 
multilayer film which are formed from the solution.

Throughout this specification and the claims which 
follow, unless the context requires otherwise, the word 
"comprise", and variations such as "comprises" or

20 "comprising", will be understood to imply the inclusion of a 
stated integer or step or group of integers or steps but not
the exclusion of any other integer or step or group of 
integers or steps.

The reference to any prior art in this specification is 
25 not, and should not be taken as, an acknowledgment or any 

form of suggestion that that prior art forms part of the 
common general knowledge in Australia.
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The claims defining the invention are as follows:
1. A coating solution for forming a selectively 

transmitting film which comprises a dispersion of fine 
particles having an average diameter of 100 nm or less of at

5 least one substance selected from titanium nitride, tantalum
nitride, titanium silicide, molybdenum silicide, ziroconium 
nitride, hafnium nitride, lanthanum boride, titanium boride, 
iron nitrogen oxide, iron (III) hydroxide oxide and iron 
nitride .

10 2. A coating solution as set forth in claim 1,
further containing at least one substance selected from the
akoxides of silicone, zirconium, titanium and aluminium, and

polymers of said alkoxides.partially hydrolyzed

15

3 .
further

A coating solution as set forth in claim 1,
containing a synthetic resin as a binder.

• · · ·• · ·• · ·• · • ·• · ·

4 .
further

A coating solution as set forth in claim 
containing a coupling, or surface active agent.

1,

• · · • · · · • 5 . A coating solution as set forth in claim 1,
• ·

• ·• · wherein the amount of said coupling, or surface active agent
• · · ·• • · ·• · · 20 is 30% by weight or less relative to said fine particles.
• · · • · · 6 . A coating solution as set forth in claim 1,

wherein asaid dispersion of fine particles is formed by
ball or sand mill, or ulrasonically.

• · · · 7 . A selectively transmitting film which comprises a
25 film formed by coating a base with a coating solution

comprising a dispersion of fine particles having an average
diameter of 100 nm or less of at least one substance
selected from titanium nitride, tantalum nitride, titanium
silicide, molybdenum silicide, ziroconium nitride, hafnium

30 nitride, lanthanum boride, titanium boride, iron nitrogen
oxide, iron (III) hydroxide oxide and iron nitride, and 
hardening it.
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8. A selectively transmitting film as set forth in
claim 7, wherein said base is coated with said solution by
spin, spray or dip coating, screen printing, or flow 
coating.

5 9. A selectively transmitting multilayer film
comprising a selectively transmitting film as set forth in 
claim 7, wherein said base is heated to at least 100 °C when 
coated with said solution.

10. A selectively transmitting multilayer film
10 comprising a selectively transmitting film as set forth in 

claim 7, and an overlying film containing at least one 
substance selected from the alkoxides of silicone,
zirconium, titanium and aluminium, partially hydrolyzed 
polymers of said alkoxides, and a synthetic resin.

15 11. A selectively transmitting multilayer film as set
forth in claim 10, wherein said overlying film is formed by 
coating solution containing at least one of said alkoxides, 
and partially hydrolyzed polymers in a dispersant in the 
amount of 4 0% by weight or less based on oxides formed upon 

20 heating.
12. A coating solution of claim 1, a film formed from 

said coating solution or an article incorporating said film 
substantially as hereinbefore described with reference to 
the Examples (excluding the comparative Examples).

25

DATED this 27th day of May 2002

SUMITOMO METAL MINING CO LTD

By its Patent Attorneys
30 DAVIES COLLISON CAVE
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