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of 550 nm is 90% or more, and a transmittance of a light 
having a wavelength of 450 nm is 40% or less. 
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HEAT-RAY SHIELDING FILM, HEAT-RAY 
SHIELDING TRANSPARENT LAMINATED 
BASE MATERIAL AND AUTOMOBILE 
MOUNTED WITH THE HEAT-RAY 

SHIELDING TRANSPARENT LAMINATED 
BASE MATERIAL AS WINDOWMATERIAL, 
AND BUILDING USING THE HEAT-RAY 
SHIELDING TRANSPARENT LAMINATED 
BASE MATERAL AS WINDOWMATERAL 

TECHNICAL FIELD 

0001. The present invention relates to a heat-ray shielding 
film, aheat-ray shielding transparent laminated base material 
having satisfactory visible light transmittance and excellent 
heat-ray shielding function, and an automobile mounted with 
the heat-ray shielding transparent laminated base material as 
a window material. 

BACKGROUND ART 

0002. A transparent base material is used as a safety glass 
used for a window material of an automobile or a building, 
etc., in the form of a laminated glass which is constituted by 
sandwiching an interlayer containing polyvinyl acetal resin, 
etc., between several (for example two) facing plate glasses 
0003. Further, the transparent base material is proposed 
for the purpose of reducing a cooling load or hot feeling by 
shutting-off an incident Solar energy, by having a heat-ray 
shielding function in the interlayer. 
0004 For example, patent document 1 discloses a lami 
nated glass which is constituted by Sandwiching a soft resin 
layer between two facing plate glasses, the Soft resin layer 
containing a heat-ray shielding metal oxide composed of tin 
oxide or indium oxide having a particle size of 0.1 um or less. 
0005. Further, patent document 2 discloses a laminated 
glass which is constituted by sandwiching an interlayer 
between at least two facing plate glasses, so that metals such 
as Sn, Ti, Si, Zn, Zr, Fe, Al, Cr, Co, Ce, In, Ni, Ag, Cu, Pt, Mn, 
Ta, W.V. and Mo, oxide of such metals, nitride of such metals, 
sulfide of such metals, these metals doped with Sb or F, and a 
composite of them are dispersed in the interlayer. 
0006. Also, patent document 3 discloses an automobile 
window glass which is constituted by Sandwiching a mixture 
layer of particles composed of TiO, ZrO, SnO, InO, and 
a glass component composed of organic silicon oran organic 
silicon compound, between facing transparent plate-like 
members. 
0007 Moreover, patent document 4 discloses a laminated 
glass which is constituted by Sandwiching an interlayer com 
posed of three layers between at least two facing transparent 
glass plate-like bodies. In the second layer of this interlayer, 
metal such as Sn, Ti, Si, Zn, Zr, Fe, Al, Cr, Co, Ce, In, Ni, Ag, 
Cu, Pt, Mn, Ta, W.V. and Mo, oxide of such metals, nitride of 
Such metals, sulfide of Such metals, these metals doped with 
Sb or F, or a composite of such materials has been dispersed. 
The first and the third layers of the interlayer are resin layers. 
0008. However, the conventional laminated glass dis 
closed in patent documents 1 to 4 all involve a problem of an 
insufficient heat-ray shielding function when high visible 
light transmittance is requested. 
0009 Further, as a method for improving the heat-ray 
shielding function of laminated glass, patent document 5 
discloses an ultraviolet ray and infrared ray shielding body 
produced by mixing a metal oxide semiconductor, an infrared 
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absorbing agent, and an ultraviolet absorbing agent in a trans 
parent synthetic resin, and forming the mixture into a film. 
0010. Meanwhile, in patent document 6, an applicant dis 
closes a heat-ray shielding laminated glass constituted by 
sandwiching an interlayer having a heat-ray shielding func 
tion between two plate glasses, wherein the intermediate 
layer is constituted of a heat-ray shielding film containing 
hexaboride particles alone, or, hexaboride particles, ITO par 
ticles and/or ATO particles, and a vinyl resin, or a heat-ray 
shielding laminated glass constituted of a heat-ray shielding 
film containing the abovementioned particles and having the 
interlayer formed on a surface facing the inside of at least one 
of the plate glasses, and a heat-ray shielding film containing 
vinyl resin sandwiched between the abovementioned two 
plate glasses. 
0011. As described in patent document 6, optical proper 
ties of the heat-ray shielding laminated glass are as follows: 
hexaboride particles alone, or, hexaboride particles, ITO par 
ticles and/or ATO particles are used, and there is a maximum 
point of transmittance in a visible light region, and there is a 
minimum point of transmittance in a near-infrared region 
where strong absorbing property is exhibited. As a result, the 
heat-ray shielding laminated glass of patent document 6 is 
improved enough to realize 50% range of the solar transmit 
tance when the transmittance of visible light is 70% or more, 
in comparison with the conventional laminated glasses 
described in patent documents 1 to 4. 
0012. Further, the present inventors disclose in patent 
document 7a heat-ray shielding laminated glass in which the 
polyvinyl acetal resin is replaced with a UV-ray curable resin, 
and a heat-ray shielding film containing a composite tungsten 
compound in this UV-ray curable resin is used as an inter 
layer. 
0013 As described in patent document 7, the heat-ray 
shielding laminated glass is improved enough to realize 
around 35% of the solar transmittance when the transmittance 
of visible light is 70% or more, in comparison with the con 
ventional laminated glass described in patent documents 1 to 
4 and patent document 6. 
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SUMMARY OF INVENTION 

Subject to be Solved by the Invention 
0021 However, as a result of further investigations by the 
present inventors, the following Subjects are found. 
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0022. A first subject is that, as described above, the lami 
nated glass of the conventional technology described in 
patent documents 1 to 5 does not have a sufficient heat-ray 
shielding function when high visible light transmittance is 
requested. 
0023. Further, in the market, from the viewpoint of 
improving the comfort in the automobiles or buildings, 
improving fuel efficiency by reducing a load of the air con 
ditioner in the automobile, and energy-saving by reducing the 
load of the air conditioner in the buildings, higher perfor 
mance of the heat-ray shielding function is strongly 
requested. From these viewpoints, there is still room for 
improvement in the heat-ray shielding laminated glass 
described in patent documents 6 and 7. 
0024. In view of the abovementioned subject, the present 
invention is provided. An object of the present invention is to 
provide a heat-ray shielding film mainly composed of poly 
vinyl acetal resin and capable of exhibiting excellent heat-ray 
shielding properties, a heat-ray shielding transparent lami 
nated base material using the heat-ray shielding film, and an 
automobile mounted with the heat-ray shielding transparent 
laminated base material as a window material. 

Means for Solving the Subject 
0025 To solve the abovementioned subjects, the present 
inventors examine a method for improving heat-ray shielding 
properties while maintaining high visible light transmittance. 
0026. A wavelength distribution of a weight value coeffi 
cient is focused by inventors of the present invention, wherein 
the weight value coefficient is used for calculating the trans 
mittance of a visible light described in JIS R 3106. Specifi 
cally, detailed examination is given for the wavelength distri 
bution of the weight value coefficient used for calculating the 
transmittance of a visible light, and the Solar energy in the 
short wavelength region. Then, it is found by the inventors of 
the present invention, that only the Solar transmittance can be 
reduced while maintaining high transmittance of a visible 
light, by Suitably shutting-off the short wavelength region of 
the visible light. 
0027 Specifically, the inventors of the present invention 
are not affected by a common sense of using a conventional 
UV-ray shielding agent which does not cut a visible light 
region as much as possible, and achieve a structure of using a 
material not having absorption in the vicinity of a wavelength 
of 550 nm which is a region greatly contributing to calculat 
ing a transmittance of the visible light while strongly absorb 
ing the light in the vicinity of a wavelength of 450 nm, in 
combination with a compound having a heat-ray shielding 
function, so as to prevent reduction of the transmittance of 
visible light, and so as not to allow a heat-ray shielding 
transparent laminated base material to be colored in yellow, 
0028 Namely, in order to solve the abovementioned sub 

ject, a first invention provides, 
0029 aheat-ray shielding film including a compound hav 
ing a heat-ray shielding function, a selective wavelength 
absorbing material, a polyvinyl acetal resin, and a plasticizer, 
wherein the selective wavelength absorbing material has a 
transmission profile in which a transmittance of a light having 
a wavelength of 550 nm is 90% or more, and a transmittance 
of a light having a wavelength of 450 nm is 40% or less, and 
a weight ratio of the compound having a heat-ray shielding 
function and the selective wavelength absorbing material 
(compound having a heat-ray shielding function/selective 
wavelength absorbing material) is in a range of 99/1 to 70/30. 
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0030. A second invention provides, 
0031 the heat-ray shielding film according to the first 
invention, wherein composite tungsten oxide particles 
expressed by a general formula M.WO (wherein M is an 
element of one kind or more selected from Cs, Rb, K, Tl, In, 
Ba, Li, Ca, Sr., Fe, Sn, Al, and Cu, satisfying 0.1 sys0.5, and 
2.2szs3.0) and having a hexagonal crystal structure, are com 
posed of the compound having the heat-ray shielding func 
tion. 

0032 
0033 the heat-ray shielding film according to the second 
invention, wherein the composite tungsten oxide particles are 
fine particles having an average particle size of 40 nm or less. 
0034 
0035 the heat-ray shielding film according to the first 
invention, wherein the selective wavelength absorbing mate 
rial is at least one kind of compounds selected from an isoin 
doline compound, an isoindolinone compound, a quinoxaline 
compound, a quinophthalone compound, a condensed diazo 
compound, a nickel azo compound, and a bismuth Vanadate 
compound. 
0036) A fifth invention provides, 
0037 the heat-ray shielding film according to the first 
invention, wherein the selective wavelength absorbing mate 
rial is at least one kind of compounds selected from a 
quinophthalone compound and a nickel azo compound. 
0038 
0039 the heat-ray shielding film according to any of the 

first to fifth inventions, wherein the selective wavelength 
absorbing material has a transmission profile in which a trans 
mittance of a light having a wavelength of 550 nm is 90% or 
more, and a transmittance of a light having a wavelength of 
450 nm is 15% or less. 

0040 
0041 the heat-ray shielding film according to any of the 

first to sixth inventions, wherein the heat-ray shielding film 
further includes an infrared ray-absorbing organic com 
pound. 
0042 
0043 the heat-ray shielding film according to the seventh 
invention, wherein the infrared ray-absorbing organic com 
pound is at least one kind of compounds selected from a 
phthalocyanine compound, a naphthalocyanine compound, 
an immonium compound, a diimmonium compound, a poly 
methine compound, a diphenylmethane compound, a triph 
enylmethane compound, a quinone compound, an azo com 
pound, a pentadiene compound, an azomethine compound, a 
squarylium compound, an organometallic complex, and a 
cyanine compound. 
0044) A ninth invention provides, 
0045 the heat-ray shielding film according to the eighth 
invention, wherein the infrared ray-absorbing organic com 
pound is at least one kind of compounds selected from a 
phthalocyanine compound and a dimmonium compound. 
0046) 
0047 the heat-ray shielding film according to any of the 
seventh to ninth inventions, wherein a weight ratio of the 
infrared ray-absorbing organic compound and the composite 
tungsten oxide particles (composite tungsten oxide particles/ 
infrared ray-absorbing organic compound) is in a range of 
95.75 to 50/50. 

A third invention provides, 

A fourth invention provides, 

A sixth invention provides, 

A seventh invention provides, 

An eighth invention provides, 

A tenth invention provides, 



US 2014/0335.364 A1 

0048. An eleventh invention provides, 
0049 a heat-ray shielding transparent laminated base 
material wherein the heat-ray shielding film of any of the first 
to tenth inventions is arranged between several transparent 
base materials. 
0050. A twelfth invention provides, 
0051 the heat-ray shielding transparent laminated base 
material according to the eleventh invention, wherein an 
infrared ray-reflection film having visible light transmittance 
of 88% or more and a solar reflectance of 21% or more is 
further arranged between the plurality of transparent base 
materials. 
0052 A thirteenth invention provides, 
0053 the heat-ray shielding transparent laminated base 
material according to either the eleventh or twelfth invention, 
wherein at least one of the transparent base materials is glass. 
0054. A fourteenth invention provides, 
0055 the heat-ray shielding transparent laminated base 
material according to any of the eleventh to thirteenth inven 
tions, wherein visible light transmittance calculated based on 
JIS R3106 is 70% or more, and solar transmittance is 32.5% 
or less. 
0056. A fifteenth invention provides, 
0057 an automobile wherein the heat-ray shielding trans 
parent laminated base material according to any of the elev 
enth to fourteenth inventions is mounted as a window mate 
rial. 
0058. A sixteenth invention provides, 
0059 a building wherein the heat-ray shielding transpar 
ent laminated base material according to any of the eleventh 
to fourteenth inventions is used as a window material. 

Advantage of Invention 
0060 According to the present invention, a heat-ray 
shielding film mainly composed of polyvinyl acetal resin, and 
capable of exhibiting high optical properties and high 
weather resistance can be obtained, by using a compound 
having a heat-ray shielding function together with a selective 
wavelength absorbing material. Further, a heat-ray shielding 
transparent laminated base material capable of exhibiting 
excellent optical properties and excellent mechanical proper 
ties can be obtained by using the heat-ray shielding film. 
Moreover, by mounting the heat-ray shielding transparent 
laminated base material on an automobile as a window mate 
rial, temperature rise inside the automobile during Summer 
can be suppressed. Moreover, by using the heat-ray shielding 
transparent laminated base material as a window material in 
openings of a building, temperature rise inside the building 
during Summer can be suppressed. 

BRIEF DESCRIPTION OF DRAWINGS 

0061 FIG. 1 is a graph showing a relationship between a 
visible light transmittance and a solar transmittance of a heat 
ray shielding transparent laminated base material of 
examples 1 to 16 and comparative examples 1 to 4 and 6 to 9. 
0062 FIG. 2 is a graph showing the relationship between 
the visible light transmittance and the Solar transmittance of 
the heat-ray shielding transparent laminated base material of 
examples 17 to 28 and comparative examples 1 to 4. 
0063 FIG. 3 is a graph showing the relationship between 
the visible light transmittance and the Solar transmittance of 
the heat-ray shielding transparent laminated base material of 
examples 29 to 33 and comparative examples 1 to 4 and 5. 
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0064 FIG. 4 is a graph showing the relationship between 
the visible light transmittance and Solar transmittance of the 
heat-ray shielding transparent laminated base material of 
examples 5 to 8 and 40 to 47 and comparative examples 1 to 
4. 

DETAILED DESCRIPTION OF EMBODIMENTS 

0065 Embodiments of the present invention will be 
described hereafter in detail. 
0066. The heat-ray shielding film of the present invention 
includes particles of a compound having a heat-ray shielding 
function, a dispersant, a selective wavelength absorbing 
material, optionally an infrared ray-absorbing organic com 
pound, a polyvinyl acetal resin, a plasticizer, optionally an 
adhesive strength regulator, and optionally other additives. 
0067 Further, the heat-ray shielding film of the present 
invention is obtained by dispersing particles of a compound 
having a heat-ray shielding function and the dispersant in a 
part of a plasticizer added to the polyvinyl acetal resin to 
obtain a particle dispersion liquid of a compound having a 
heat-ray shielding function. The obtained dispersion liquid, 
the selective wavelength absorbing material, the polyvinyl 
acetal resin, and the plasticizer are kneaded and thereafter 
formed into a film by a publicly-known method such as extru 
sion and calendaring, to thereby produce the heat-ray shield 
ing film of the present invention. 
0068. The heat-ray shielding film of the present invention 

is also obtained by dispersing the particles of a compound 
having a heat-ray shielding function and the dispersant in a 
general organic solvent to obtain a dispersion liquid, and 
removing the organic solvent to obtain a particle dispersion of 
the compound having the heat-ray shielding function in a 
state of dispersing the particles of the compound having the 
heat-ray shielding function in a solid dispersant, and knead 
ing the obtained solid dispersion, the selective wavelength 
absorbing material, the polyvinyl acetal resin, and the plasti 
cizer, and forming them into a film by a publicly-known 
method Such as extrusion and calendaring. 
0069. The constituents of the heat-ray shielding film of the 
present invention, the heat-ray shielding film, and the heat 
ray shielding transparent laminated base material using the 
heat-ray shielding film will be described hereafter in detail. 
0070 Although composite tungsten oxide particles and 
organic infrared ray-shielding particles, etc., can be used as 
the particles of a compound having a heat-ray shielding func 
tion of the present invention, the composite tungsten oxide 
particles is preferably used. Therefore explanation is given 
hereafter for a case that the composite tungsten oxide par 
ticles are used as the particles of the compound having the 
heat-ray shielding function. However, even in a case of using 
the organic infrared-ray shielding particles, etc., or using the 
composite tungsten oxide particles together with the organic 
infrared-ray shielding particles, etc., the heat-ray shielding 
film and the heat-ray shielding laminated transparent base 
material can be produced in the same way as the case of using 
the composite tungsten oxide particles alone. 

1 Constituents of the Heat-Ray Shielding Film 
0071. The method for producing fine particles having the 
heat-ray shielding function, which are a constituent of the 
heat-ray shielding film of the present invention, and the dis 
persant, the selective wavelength absorbing material, the 
infrared ray-absorbing organic compound, the polyvinyl 
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acetal resin, the plasticizer, the adhesive strength regulator, 
and the other additive materials of the heat-ray shielding film 
of the present invention will be described first. 

(1) Particles Having a Heat-Ray Shielding Function 
0072 The composite tungsten oxide particles are given as 
a preferable example of the particles having the heat-ray 
shielding function of the present invention. The composite 
tungsten oxide particles often have a bluish transmission 
color tone due to great absorption of light having the near 
infrared region, particularly having a wavelength of 1,000 nm 
O. O. 

0073 Preferably, the composite tungsten oxide particles 
are expressed by a general formula M.WO wherein Mindi 
cates one or more elements selected from Cs, Rb, K, Tl, In, 
Ba, Li, Ca, Sr., Fe, Sn, Al, and Cu, satisfying 0.1 sys0.5, and 
2.2szs3.0, and have a hexagonal crystal structure. 
0074. In the abovementioned composite tungsten oxide 
particles, CsoWO, RbWO, KWO, and Bao. 
33WO, are given as preferable examples of the composite 
tungsten oxide particles. If the values ofy and Z are within the 
abovementioned range, effective heat-ray shielding proper 
ties can be obtained. The addition amount of the additive 
element M is preferably 0.1 or more and 0.5 or less, and more 
preferably is in the vicinity of 0.33. This is because a theo 
retical value calculated from the hexagonal crystal structure is 
0.33, and a preferable optical property can be obtained when 
the addition amount is around 0.33. Further, Z is preferably in 
a range of 2.2szs3.0. This is because the same mechanism as 
the mechanism of the tungsten oxide material expressed by 
WO works for the composite tungsten oxide material 
expressed by M.W.O., and because free electrons are supplied 
by adding the element M in the range of Zs3.0, which is more 
preferably 2.45szs3.00 from a viewpoint of the optical prop 
erty. 
0075. The particle size of the composite tungsten oxide 
particles can be properly selected according to the purpose of 
use of the heat-ray shielding film. For example, when the 
heat-ray shielding film is used for an application requiring 
transparency, the composite tungsten oxide particles prefer 
ably have a dispersed particle size of 40 nm or less. This is 
because when the composite tungsten oxide particles have a 
dispersed particle size of 40 nm or less, the light is not com 
pletely shielded by scattering, and therefore visibility in the 
visible light region can be maintained and transparency can 
be efficiently maintained. 
0076. If the heat-ray shielding film or the heat-ray shield 
ing transparent laminated base material of the present inven 
tion is used for an application emphasizing transparency par 
ticularly in the visible light region, like an automobile 
windshield for example, it is further preferable to consider 
reduction of scattering caused by the composite tungsten 
oxide particles. When Such a further reducing of scattering is 
taken into consideration, the dispersed particle size of the 
composite tungsten oxide particles is 30 nm or less, and 
preferably 25 nm or less. 
0077. This is because the scattering of light in the visible 
light region in a wavelength of 400 nm to 780 nm, caused by 
geometric scattering or Mie scattering, is reduced if the dis 
persed particle size of the composite tungsten oxide particles 
is Small. By reducing the scattering of light having this wave 
length, the following situation can be prevented: the heat-ray 
shielding film has an appearance like opaque glass when 
irradiated with strong light, thereby losing clear transparency. 
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0078. This is because if the dispersed particle size of the 
composite tungsten oxide particles is 40 nm or less, the 
abovementioned geometric scattering or Mie scattering is 
reduced, and a scattering mechanism becomes the Rayleigh 
scattering. In a Rayleigh scattering region, Scattered light is 
reduced in inverse proportion to the sixth power of the particle 
size, and therefore scattering is reduced and transparency is 
improved with the reduction of dispersed particle size. Fur 
ther, if the dispersed particle size of the composite tungsten 
oxide particles is 25 nm or less, Scattered light is extremely 
reduced, and this is preferable. 
(0079. Therefore, as described above, from the viewpoint 
of avoiding scattering of light, the dispersed particle size of 
the composite tungsten oxide particles is preferably Small. 
Meanwhile, if the dispersed particle size of the composite 
tungsten oxide particles is 1 nm or more, industrial produc 
tion is facilitated. 
0080 Further, the amount of composite tungsten particles 
included in the heat-ray shielding film is desirably 0.2 g/m to 
2.5 g/m per unit area. 

(2) Method for Producing Fine Particles Having the Heat-Ray 
Shielding Function 
I0081. The composite tungsten oxide particles expressed 
by the general formula M.W.O., can be obtained by applying 
heat treatment to a tungsten compound starting material in an 
inert gas or a reducing gas atmosphere. 
I0082. The tungsten compound starting material will be 
described first. 
I0083. The tungsten compound starting material is prefer 
ably at least one kind or more selected from tungsten trioxide 
powder, tungsten dioxide powder, tungsten oxide hydrate 
powder, tungsten hexachloride powder, ammonium tungstate 
powder, or tungsten oxide hydrate powder obtained by dis 
Solving tungsten hexachloride powder in alcohol and there 
after drying them, or tungsten oxide hydrate powder obtained 
by dissolving tungsten hexachloride in alcohol and thereafter 
adding water to thereby precipitate the tungsten hexachloride 
and drying them, or a tungsten compound powder obtained by 
drying an aqueous Solution of ammonium tungstate, and 
metal tungsten powder, and further preferably a tungsten 
compound containing element M in a form of the element 
alone or a compound, is used as the stating material. 
I0084. To produce a starting material in which each com 
ponent is uniformly mixed at a molecular level, each source is 
preferably mixed in a form of a solution, and the tungsten 
compound starting material containing element M is prefer 
ably Solvable in a solvent Such as water oran organic solvent. 
For example, element M-containing tungstate, chloride salt, 
nitrate, Sulfate, oxalate, oxide, carbonate, and hydroxide can 
be used. However, the tungsten compound starting material is 
not limited thereto, and a material in a solution state is also 
preferable. 
I0085 Next, the heat treatment in an inert gas atmosphere 
or a reducing gas atmosphere will be described. First, as the 
heat treatment condition in an inert gas atmosphere, 400° C. 
or more is preferable. A starting material Subjected to heat 
treatment at 400° C. or more has sufficient near-infrared 
absorption and good efficiency as heat-ray shielding par 
ticles. As the inert gas, an inert gas such as Arand N may be 
used. 
0086. Further, as the condition of the heat treatment under 
a reducing atmosphere, first, heat treatment is applied to the 
starting material at 100° C. or more and 400° C. or less in a 
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reducing gas atmosphere, and Subsequently heat treatment is 
applied thereto at a temperature of 400° C. or more and 1,200 
C. or less in an inert gas atmosphere. The reducing gas at this 
point is not particularly limited, however, H is preferable. 
When using H2 as the reducing gas, the composition of the 
reducing atmosphere is mixed so that, for example, 0.1% or 
more by Volume of His mixed in an inert gas such as Arand 
N, and more preferably 0.2% or more is mixed. If H is 
mixed by 0.1% or more by volume, reduction can be effi 
ciently promoted. 
0087. From the viewpoint of improving weather resis 
tance, preferably, Surface treatment is applied to the compos 
ite tungsten oxide particles of the present invention, with each 
particle coated with a compound containing one kind or more 
element selected from Si, Ti, Zr, and Al, and preferably an 
oxide. A publicly-known surface treatment may be performed 
as the Surface treatment, using an organic compound contain 
ing one kind or more elements selected from Si, Ti, Zr, and Al. 
For example, the composite tungsten oxide particles of the 
present invention and an organic silicon compound may be 
mixed, and Subjected to hydrolysis. 
0088. Further, from the viewpoint of improving the optical 
properties of the heat-ray shielding film described later, it is 
preferable that the powder color of the composite tungsten 
oxide particles satisfy the conditions recommended by the 
International Commission on Illumination (CIE), so that L* is 
25 to 80, a is -10 to 10, and b* is -15 to 15 in a powder color 
of the L*a*b* color system (JIS Z8729-2004). By using the 
composite tungsten oxide particles having such a powder 
color, the heat-ray shielding film having excellent optical 
properties can be obtained. 

(3) Dispersant 
0089. The dispersant of the present invention is used for 
uniformly dispersing the abovementioned composite tung 
Sten oxide particles of the present invention in a polyvinyl 
acetal resin described later. 
0090 The dispersant having a thermal decomposition 
temperature of 200° C. or more measured by a simultaneous 
thermogravimetry and differential thermal analysis measure 
ment apparatus (described as “TG-DTA hereafter in some 
cases), and having urethane, acrylic, and styrene main chains, 
is preferably used as the dispersant of the present invention. 
Here, the thermal decomposition temperature is the tempera 
ture obtained by TG-DTA measurement, at which weight 
reduction starts by the thermal decomposition of the dispers 
ant. 

0091. This is because if the thermal decomposition tem 
perature is 200°C. or more, the dispersant is not decomposed 
when the dispersant is kneaded into the polyvinyl acetal resin. 
Thus, the following situation caused by the decomposition of 
the dispersant can be prevented: the heat-ray shielding film 
for heat-ray shielding laminated glass is colored in brown, 
visible light transmittance is deteriorated, and original optical 
properties cannot be obtained. 
0092. Further, the dispersant having an amine-containing 
group, a hydroxyl group, a carboxyl group, or an epoxy 
group, as functional groups, is preferably used as the above 
mentioned dispersant. These functional groups have an effect 
of adsorbing on the Surface of the composite tungsten oxide 
particles, thereby preventing an aggregation of the composite 
tungsten oxide particles, and uniformly dispersing the par 
ticles even in the heat-ray shielding film. Specifically, the 
dispersant includes an acrylic? styrene copolymer dispersant 
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having a carboxyl group as a functional group, and an acrylic 
dispersant having an amine-containing group as a functional 
group. The dispersant having an amine-containing group as a 
functional group having a molecular weight Mw of 2,000 to 
200,000 and an amine value of 5 to 100 mg KOH/g, is pref 
erably used as the dispersant having the amine-containing 
group as the functional group. Further, the dispersant having 
a molecular weight Mw of 2,000 to 200,000 and an acid value 
of 1 to 50 mg KOH/g is preferably used as the dispersant 
having the carboxyl group. 
0093. The addition amount of the dispersant is preferably 
in a range of 10 pts.wt. to 1000 pts.wt. and more preferably 30 
pts.wt. to 400 pts.wt. with respect to 100 pts.wt. of the com 
posite tungsten oxide particles. This is because if the addition 
amount of the dispersant is in this range, the composite tung 
Sten oxide particles can be uniformly dispersed in the poly 
vinyl acetal resin, and there is no adverse impact on the 
physical properties of the obtained heat-ray shielding film. 

(4) Selective Wavelength Absorbing Material 
0094. The selective wavelength absorbing material of the 
present invention is the material capable of selectively and 
strongly absorbing only light having a specific wavelength 
region. 
0.095 As described above, in consideration of a wave 
length distribution of a weight value coefficient used for 
calculating a visible light transmittance described in JIS R 
3106, the inventors achieves a mechanism as follows: a selec 
tive wavelength absorbing material is used together with the 
composite tungsten oxide particles, wherein the selective 
wavelength absorbing material is the material of strongly 
absorbing a light having the wavelength of 450 nm which is 
not completely shielded only by the composite tungsten oxide 
particles, and not absorbing the light having the wavelength 
of 550 nm or around which is a wavelength region greatly 
contributing to calculating the visible light transmittance. 
Further, by using the selective wavelength absorbing material 
that strongly absorbs the light having a wavelength of around 
450 nm but does not absorb the light having a wavelength of 
around 550 nm, together with composite tungsten oxide par 
ticles, lower Solar transmittance can be obtained thana case of 
using the composite tungsten oxide particles alone. 
0096. Further, in a case of using a heat-ray shielding trans 
parent laminated base material as a member whose high vis 
ibility is requested like an automobile windshield, when the 
heat-ray shielding transparent laminated base material is irra 
diated with strong light such as direct Sunlight or headlight, 
the visible light having a short wavelength region is strongly 
scattered by the contained particles such as the composite 
tungsten oxide particles, and there is a phenomenon that the 
heat-ray shielding transparent laminated base material is 
clouded in pale color in Some cases, and this is a problem. 
0097 Here, inventors of the present invention achieve an 
effect of increasing transparency of the heat-ray shielding 
film and the heat-ray shielding transparent laminated base 
material of the present invention, by Suppressing a generation 
of bluish clouding by absorbing the scattered light of the 
visible light having the short wavelength region by the selec 
tive wavelength absorbing material, wherein Such a light hav 
ing the short wavelength region is generated by Scattering of 
the composite tungsten oxide particles, etc. 
0098. As the optical properties of the selective wavelength 
absorbing material of the present invention, preferably, the 
transmittance of the selective wavelength absorbing material 
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itself excluding absorption of the light by a medium or the 
base material, is 90% or more for the light having the wave 
length of 550 nm, and the transmittance for the light having 
the wavelength of 450 nm is 40% or less. More preferably, the 
transmittance for the light having the wavelength of 550 nm is 
90% or more, and the transmittance for the light having the 
wavelength of 450 nm is 15% or less. 
0099. This is because if the light transmittance of the 
selective wavelength absorbing material is 90% or more for 
the light having the wavelength of 550 nm, and is 40% or less 
for the light having the wavelength of 450 nm, the visible light 
transmittance is not reduced when the selective wavelength 
absorbing material is used together with the composite tung 
sten oxide particles, and further the absorption of the light 
having the wavelength of 450 nm or around can also be 
Sufficiently obtained. As a result, the Solar transmittance 
becomes low and heat shielding properties are improved, 
compared with a case of using the composite tungsten oxide 
particles alone. 
0100 Specific examples of the selective wavelength 
absorbing material used in the present invention include 
isoindoline compounds, isoindolinone compounds, quinoxa 
line compounds, quinophthalone compounds, condensed 
diazo compounds, nickel azo compounds, and bismuth Vana 
date compounds. 
0101. In order to obtain the transmittance of 15% or less 
for the light having the wavelength of 450 nm, at least one 
kind of a compound selected from quinophthalene compound 
and a nickel azo compound is preferably used. 
0102. A mixing ratio of the selective wavelength absorb 
ing material and the composite tungsten oxide particles is 
preferably set so that a weight ratio (composite tungsten 
oxide particles/selective wavelength absorbing material) 
value is in a range of 99/1 to 70/30, preferably 95/5 to 80/20, 
and more preferably 90/10 to 80/20. When the ratio of mixing 
the addition amount of the selective wavelength absorbing 
material is 70/30 or less, the light having the visible light 
region is not strongly absorbed by the selective wavelength 
absorbing material, and the transmittance for the visible light 
is maintained. This is because the Solar transmittance is main 
tained and the shielding property is maintained as a result, 
compared with a case of using the composite tungsten oxide 
particles alone. 
0103) When the weight ratio of mixing the addition 
amount of the selective wavelength absorbing material is 99/1 
or more, the light having the wavelength of 450 nm or around 
can be sufficiently absorbed. Thus, there is an effect of adding 
the selective wavelength absorbing material. 
0104. The method for adding the selective wavelength 
absorbing material to the heat-ray shielding film can be car 
ried out by adding the compound itself to composite tungsten 
oxide particle plasticizer dispersion liquid described later, or 
adding to the polyvinyl acetal resin and the plasticizer 
together with the composite tungsten oxide particle disper 
S1O. 

0105. However, when the transparency of the obtained 
heat-ray shielding film or the heat-ray shielding transparent 
laminated base material using the heat-ray shielding film is 
taken into consideration, similarly to the abovementioned 
composite tungsten oxide particles, the selective wavelength 
absorbing material can be added to the heat-ray shielding film 
as a dispersion liquid with the selective wavelength absorbing 
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material dispersed in the plasticizer, or as a dispersion with 
the selective wavelength absorbing material dispersed in a 
Solid dispersant. 
0106. In any case, in order to uniformly disperse the selec 
tive wavelength absorbing material in the heat-ray shielding 
film, a method not damaging the transparency of the obtained 
heat-ray shielding film can be suitably used. 

(5) Infrared Ray-Absorbing Organic Compound 

0107. In the present invention, an infrared ray-absorbing 
organic compound having a strong absorption in a near-infra 
red region may be further added as needed, to the heat-ray 
shielding film. 
0108. As the infrared ray-absorbing organic compounds 
used for this purpose, phthalocyanine compounds, naphtha 
locyanine compounds, immonium compounds, dimmonium 
compounds, polymethine compounds, diphenylmethane 
compounds, triphenylmethane compounds, quinone com 
pounds, azo compounds, pentadiene compounds, azomethine 
compounds, squarylium compounds, organometallic com 
plexes, and cyanine compounds, can be used. 
0109 The infrared ray-absorbing organic compound solv 
able in the plasticizer constituting the heat-ray shielding film, 
is preferably selected, because the transparency of the 
obtained heat-ray shielding film is not damaged. 
0110. A material that strongly absorbs the light having a 
visible light long wavelength region to a near infrared region, 
namely 650 nm to 1000 nm, is more preferably used as the 
infrared ray-absorbing organic compound. This is because 
there is a large synergistic effect when an infrared ray-absorb 
ing organic compound having Such optical properties is used 
together with the composite tungsten oxide particles having a 
strong absorption in the wavelength region of 800 nm or 
more, and higher heat shielding properties can be obtained 
compared with a case of using the composite tungsten oxide 
particles alone. 
0111. From the above viewpoint, a dimmonium com 
pound or a phthalocyanine compound is particularly prefer 
able as the infrared ray-absorbing organic compound used in 
the present invention. 
0112 The weight ratio of the infrared ray-absorbing 
organic compound and the composite tungsten oxide par 
ticles is preferably set to satisfy: (composite tungsten oxide 
particles/infrared ray-absorbing organic compound)=95/5 to 
50/50. 

0113. If the weight ratio of mixing the addition amount of 
the infrared ray-absorbing organic compound is Smaller than 
95/5, the effect of the infrared ray-absorbing organic com 
pound is reduced, which is the effect of strongly absorbing the 
light having the visible light long wavelength region to the 
near infrared region 650 nm to 1000 nm. Thus, there is no 
effect of adding the infrared ray-absorbing organic com 
pound. This is not preferable. Further, if the weight ratio of 
mixing the addition amount of the infrared ray-absorbing 
organic compound is larger than 50/50, the light having the 
wavelength of 550 nm or around which is the wavelength 
region greatly contributing to calculating the visible light 
transmittance is also absorbed by the infrared ray-absorbing 
organic compound, resulting in reducing the visible light 
transmittance. Therefore, if the reduction of the visible light 
transmittance is also taken into consideration, the heat shield 
ing property is deteriorated. This is not preferable. 
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(6) PolyvinylAcetal Resin 
0114. As the polyvinyl acetal resin used in the heat-ray 
shielding film of the present invention, polyvinylbutyral resin 
is preferable. Further, in consideration of the physical prop 
erties of the heat-ray shielding film, a plurality of kinds of 
polyvinyl acetal resins having different degrees of acetaliza 
tion may be used together. Further, co-polyvinyl acetal resin 
may also be used, which is obtained by causing a reaction 
between a plurality of kinds of aldehydes during acetalliza 
tion. 
0115 From this viewpoint, a preferable lower limit of the 
degree of acetalization of the polyvinyl acetal resin is 60%, 
and an upper limit thereof is 75%. 
0116. The abovementioned polyvinyl acetal resin can be 
prepared by acetalizing the polyvinyl alcohol by the alde 
hyde. 
0117. As the abovementioned polyvinyl alcohol is usually 
obtained by Saponifying polyvinyl acetate, and generally the 
polyvinyl alcohol having a degree of Saponification of 80 to 
99.8 mol % is used. 
0118. Further, a lower limit for the degree of polymeriza 
tion of the polyvinyl alcohol is preferably 200, and an upper 
limit thereof is preferably 3,000. When the degree of poly 
merization is 200 or more, resistance to penetration through 
the produced heat-ray shielding transparent laminated base 
material is maintained, and safety is maintained. Meanwhile, 
when the degree of polymerization is 3,000 or less, moldabil 
ity of the resin film is maintained, the rigidity of the resin film 
is also maintained in a preferable range, and processability is 
maintained. 
0119 The abovementioned aldehyde is not particularly 
limited. Generally, 1-10C aldehyde is used, such as n-butyl 
aldehyde, iso-butyl aldehyde, 2-ethylbutyl aldehyde, n-hexyl 
aldehyde, n-octyl aldehyde, and acetaldehyde. Above all, 
n-butyl aldehyde, n-hexyl aldehyde, and n-valeraldehyde are 
preferable, and 4C butyl aldehyde is more preferable. 

(7) Plasticizer 
0120. As the plasticizer used for the heat-ray shielding 
film mainly composed of the polyvinyl acetal resin of the 
present invention, plasticizer as a compound of monohydric 
alcohol and organic ester, ester plasticizer Such as a polyhy 
dric alcohol ester compound, and phosphoric acid plasticizer 
Such as an organic phosphoric acid plasticizer, can be used. 
Any one of the plasticizers is preferably in a liquid State at 
room temperature. Particularly, the plasticizer as an ester 
compound synthesized from a polyhydric alcohol and a fatty 
acid, is preferable. 
0121 Although the ester compound synthesized from the 
polyhydric alcohol and the fatty acid is not particularly lim 
ited, for example, a glycol ester compound is given, which is 
obtained by a reaction between glycol such as triethylene 
glycol, tetraethylene glycol, and tripropylene glycol, and 
monobasic organic acid such as butyric acid, isobutyric acid, 
caproic acid, 2-ethylbutyric acid, heptylic acid, n-octylic 
acid, 2-ethylhexylic acid, pelargonic acid (n-nonylic acid), 
and decylic acid. An ester compound is also given as the 
compound of tetraethylene glycol, tripropylene glycol, and 
the abovementioned monobasic organic acid. 
0122 Above all, fatty acid ester of triethylene glycol such 
as triethylene glycol dihexanate, triethylene glycol di-2-eth 
ylbutyrate, triethylene glycol dioctanoate, and triethylene 
glycol di-2-ethylhexanoate, is preferable. The fatty acid ester 
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of triethylene glycol has a good balance among various quali 
ties. Such as compatibility with the polyvinyl acetal and cold 
resistance, and is excellent in processability and economic 
efficiency. 
I0123. When selecting the plasticizer, it should be noted 
that the plasticizer having low hydrolyzability should be 
selected. From this viewpoint, triethylene glycol di-2-ethyl 
hexanate, triethylene glycol di-2-ethylbutyrate, and tetraeth 
ylene glycol di-2-ethylhexanate are preferable. 

(8) Adhesive Strength Regulator 

0.124. An adhesive strength regulator is preferably con 
tained in the heat-ray shielding film of the present invention as 
needed. 
0.125. Although the adhesive strength regulator is not par 
ticularly limited, alkali metal salt and/or alkaline earth metal 
salt is suitably used. Acid constituting Such a metal salt is not 
particularly limited, and for example, carboxylic acid such as 
octylic acid, hexylic acid, butyric acid, acetic acid, and formic 
acid, or an inorganic acid such as hydrochloric acid and nitric 
acid, can be given. In the alkali metal salt and/or alkaline earth 
metal salt, 2-16C magnesium carboxylate and a 2-16C potas 
sium carboxylate are preferable. 
0.126 Although the magnesium carboxylate or potassium 
carboxylate of 2-16C organic acid are not particularly lim 
ited, for example, magnesium acetate, potassium acetate, 
magnesium propionate, potassium propionate, magnesium 
2-ethylbutanoate, potassium 2-ethylbutanoate, magnesium 
2-ethylhexanoate, and potassium 2-ethylhexanoate, are Suit 
ably used. 
I0127. These adhesive strength regulators can be used 
alone or two kinds or more of them may be used together. 
0128. Further, when a sodium, potassium, magnesium, 
calcium, or cerium carboxylates are used as adhesive strength 
regulators, both an original action of the adhesive strength 
regulator and the effect of improving the weather resistance 
of the composite tungsten oxide particles can be exhibited. 

(9) Other Additives 
I0129. Further, a generally-used additive can be mixed into 
the heat-ray shielding film of the present invention as needed. 
For example, dye compounds and pigment compounds gen 
erally used for thermoplastic resin coloring, such as azo dyes, 
cyanine dyes, quinoline and perylene dyes, and carbon black, 
may be added to give an arbitrary color tone to the heat-ray 
shielding film as needed. Particularly, in the present inven 
tion, a short wavelength side visible light is absorbed. There 
fore, the color of the transmission light becomes yellowish. 
0.130. Accordingly, the color tone of the heat-ray shielding 
film is preferably adjusted by adding a compound Such as a 
dye or a pigment. 
I0131 Further, the selective wavelength absorbing mate 
rial may have higher transmittance in an ultraviolet region. 
Therefore, higher heat-ray shielding effect can be obtained by 
using the selective wavelength absorbing material together 
with a UV-ray shielding agent. As the UV-ray shielding agent, 
organic UV-ray absorbing agents such as hydroxybenzophe 
none, Salicylic acid, HALS, triazole, and triazine type absorb 
ing agents, and inorganic UV-ray absorbing agents such as 
Zinc oxide, titanium oxide, and cerium oxide, can be used. 
0.132. Further, as other additives, a coupling agent, a Sur 
factant, an antistatic agent, etc., can be used. 
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2 Heat-Ray Shielding Film 

0133) To produce the heat-ray shielding film of the present 
invention, the abovementioned composite tungsten oxide par 
ticles and dispersant are dispersed in a part of the plasticizer 
added to the polyvinyl acetal resin to produce a composite 
tungsten oxide particle dispersion liquid, or the composite 
tungsten oxide particles and the dispersant are dispersed in a 
general organic solvent to obtain a dispersion liquid, and the 
organic solvent is then removed to produce composite tung 
Sten oxide particle dispersion with composite tungsten oxide 
particles dispersed in a solid dispersant. 
0134. The heat-ray shielding film can also be produced by 
mixing and kneading the produced composite tungsten oxide 
particle plasticizer dispersion liquid or the produced compos 
ite tungsten oxide particle dispersion, the selective wave 
length absorbing material, the polyvinyl acetal resin, the plas 
ticizer, other additives, and the adhesive strength regulator as 
needed, and then, for example, forming the mixture into a film 
by a publicly-known method Such as extrusion and calender 
ing. Further, higher heat-ray shielding properties can be 
obtained by adding an infrared ray-absorbing organic com 
pound to this heat-ray shielding film as needed. 
0135 The method for producing the composite tungsten 
oxide particle plasticizer dispersion liquid, and the method 
for producing the composite tungsten oxide particle disper 
sion, will be described hereafter. 

(1) Method for Producing Composite Tungsten Oxide 
Particle Plasticizer Dispersion Liquid 

0136. The composite tungsten oxide particle plasticizer 
dispersion liquid can be obtained by adding and mixing the 
composite tungsten oxide particles and the dispersant to the 
plasticizer, using a general dispersion method. Specifically, 
the dispersion method such as bead milling, ball milling, sand 
milling, and ultrasonic wave dispersion can be used. 
0.137 When dispersing the composite tungsten oxide par 

ticles in the plasticizer, an organic solvent having a boiling 
point of 120° C. or less may be further added as needed. 
0.138. The organic solvent having a boiling point of 120° 
C. or less is preferably used. This is because if the boiling 
point is 120° C. or less, the organic solvent can be easily 
removed in the drying step which is the step performed later, 
and particularly by drying under a decompression state. As a 
result, the organic solvent is speedily removed in Such a 
decompression drying, which contributes to productivity of 
the composite tungsten oxide particle-containing composi 
tion. Further, since the decompression drying step is easily 
and Sufficiently performed, excessive remaining of the 
organic solvent in the composite tungsten oxide particle 
containing composition of the present invention, can be pre 
vented. As a result, problems such as the occurrence of air 
bubbles can be avoided informing the heat-ray shielding film. 
Specifically, toluene, methyl ethyl ketone, methyl isobutyl 
ketone, butyl acetate, isopropyl alcohol, and ethanol, can be 
used. However, if the boiling point is 120° C. or less and the 
composite tungsten oxide particles can be uniformly dis 
persed, the organic solvent can be arbitrarily selected. 
0.139. The method for uniformly dispersing the composite 
tungsten oxide particles in the organic solvent can be arbi 
trarily selected from general methods. Specifically, methods 
Such as bead milling, ball milling, sand milling, and ultra 
Sonic wave dispersion can be used. 
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0140. Further, as a method for removing the organic sol 
vent from the dispersion liquid containing the composite 
tungsten oxide particles, a decompression drying method is 
preferable. Specifically, the dispersion liquid containing the 
composite tungsten oxide particles is decompression-dried 
while stirring, to thereby separate the composite tungsten 
oxide particle-containing composition and the organic Sol 
vent component. As an apparatus used for the decompression 
drying, a vacuum tumbling dryer is used. However, the appa 
ratus is not particularly limited, as long as the apparatus has 
the abovementioned function. Further, a decompression pres 
Sure in the drying step is suitably selected. 
0.141. By using the decompression method, an efficiency 
of removing the solvent is improved, and the composite tung 
Sten oxide particle-containing composition is not exposed to 
a high temperature for a long period. Therefore, preferably, 
the aggregation of dispersed particles does not occur. Further, 
productivity is increased, and an evaporated organic Solvent 
can be easily recovered, which is preferable from environ 
mental consideration. 

(2) Method for Producing Composite Tungsten Oxide 
Particle Dispersion 

0142. The plasticizer dispersion liquid of the composite 
tungsten oxide particles, or the composite tungsten oxide 
particles, the dispersant, and the plasticizer are added and 
mixed into the organic solvent having the boiling point of 
120° C. or less, to thereby produce the composite tungsten 
oxide particle dispersion in which concentration of the heat 
ray shielding tungsten oxide particles is 50 mass % or less, 
using the general dispersion method. 
0143. The concentration of the composite tungsten oxide 
particles in the plasticizer is preferably 50 mass % or less. 
This is because if the concentration of the composite tungsten 
oxide particles in the plasticizer is 50 mass % or less, the 
aggregation of the particles hardly occurs, dispersion is facili 
tated, Sudden increase of Viscosity can be prevented, and 
handling is easy. 
0144. The method for uniformly dispersing the composite 
tungsten oxide particles in the plasticizer can be arbitrarily 
selected from general methods. As a specific example, the 
composite tungsten oxide particles-containing dispersion liq 
uid is obtained, then, the organic solvent is removed by a 
publicly-known method, to thereby obtain the composite 
tungsten oxide particles dispersion, with the composite tung 
Sten oxide particles dispersed in a solid dispersant. 

3 Heat-Ray Shielding Transparent Laminated Base 
Material 

0145 The heat-ray shielding transparent laminated base 
material having the heat-ray shielding film of the present 
invention, has various forms. 
0146 For example, a heat-ray shielding laminated inor 
ganic glass using inorganic glass as the transparent base mate 
rial, can be obtained by integrally laminating several inor 
ganic glasses by a publicly-known method, wherein the 
inorganic glasses are faced each other, with the heat-ray 
shielding film of the present invention sandwiched between 
them. 

0147 The obtained heat-ray shielding laminated inor 
ganic glass can be mainly used as inorganic glass for an 
automobile windshield or a building window. 
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0148. It is also preferable that the heat-ray shielding film 
of the present invention and an infrared-ray reflection film 
described later are used together, to thereby constitute the 
heat-ray shielding transparent laminated basematerial. In this 
structure, the infrared ray-reflection film is sandwiched 
between the heat-ray shielding film and a transparent PVB 
resin film to thereby integrally form a multilayer film. The 
obtained multilayer film is sandwiched between several fac 
ing inorganic glasses, and they are integrally laminated by a 
publicly-known method to thereby obtain the heat-ray shield 
ing laminated inorganic glass. 
0149 Here, in view of the use of the heat-ray shielding 
laminated inorganic glass for an automobile, the infrared-ray 
reflection film is preferably disposed at more outside the 
vehicle than the heat-ray shielding film of the present inven 
tion, in consideration of the effect of Suppressing a tempera 
ture rise in the automobile. 
0150. The heat shielding property of the heat-ray shielding 
transparent laminated base material of the present invention is 
expressed by the solar transmittance with respect to the vis 
ible light transmittance. As the Solar transmittance becomes 
lower than the visible light transmittance, the heat-ray shield 
ing transparent laminated base material has an excellent heat 
ray shielding property. Specifically, when the visible light 
transmittance is 70%, the solar transmittance is preferably 
32.5% or less, more preferably 31% or less, and further more 
preferably 30% or less. 
0151. This is because, especially if the heat-ray shielding 
transparent laminated base material of the present invention is 
used for a window material such as the windshield of an 
automobile, a high heat-ray shielding power is required while 
satisfying the transmittance of 70% or more as defined by the 
Road Trucking Vehicle Act. If the solar transmittance of the 
heat-ray shielding transparent laminated base material is 
32.5% or less, the power consumption of an air conditioner at 
30°C. or more outside temperature is reduced by 5% or more 
compared with a case of a normal vehicle-mounted laminated 
glass. As a result, particularly in an automobile using a battery 
like a hybrid car or an electric automobile, battery consump 
tion can be suppressed, and therefore a significant effect 
useful for extending a cruising distance, etc., can be obtained. 
Accordingly, automobile fuel efficiency is improved, thus 
contributing to reduction of a greenhouse gas emission. 
Therefore, the heat-ray shielding transparent laminated base 
material of the present invention is expected as a future essen 
tial member in designing an automobile. 
0152 The heat-ray shielding transparent laminated base 
material can also be obtained by using a transparent resin as 
the transparent base material which is used similarly to the 
inorganic glass or used together with the inorganic glass, with 
the heat-ray shielding film sandwiched between facing trans 
parent base materials. The purpose of use of the heat-ray 
shielding transparent laminated base material is the same as 
the heat-ray shielding laminated inorganic glass. 
0153. Further, of course, as needed, the heat-ray shielding 
film of the present invention can be used alone, or can be used 
by disposing it on one or both surfaces of the transparent base 
material Such as inorganic glass or transparent resin, etc. 
0154 The infrared-ray reflection film used together with 
the heat-ray shielding film of the present invention will be 
described hereafter. 
0155 The infrared-ray reflection film of the present inven 
tion has almost no absorption of a Solar light in the visible 
light region, inconsideration of its optical property in the case 

Nov. 13, 2014 

of being used together with the heat-ray shielding film of the 
present invention, and preferably reflects lights in a near 
infrared region, specifically only in a range of wavelengths 
800 nm to 1200 nm, from a viewpoint of a heat-ray shielding 
function. 
0156 Specifically, as the optical properties of the infrared 
ray film, preferably the visible light transmittance is 85% or 
more and the solar reflectance is 18% or more, and more 
preferably the visible light transmittance is 88% or more and 
the solar reflectance is 21% or more. 

(O157. Further, the infrared-ray reflection film of the 
present invention capable of transmitting an electromagnetic 
wave in a wavelength range of cellular phones and etc., is 
preferable in consideration of using the heat-ray shielding 
transparent laminated base material as an automobile wind 
shield or a building window reflection film. Accordingly, a 
multi resin layer-attached film transmitting the electromag 
netic waves is more preferable than a conductive metal layer 
attached film not transmitting the electromagnetic wave. 

4 Conclusion 

0158. As described above in detail, the heat-ray shielding 
film of the present invention can be produced by kneading the 
plasticizer dispersion liquid of the composite tungsten oxide 
of the present invention, or the composite tungsten oxide Solid 
dispersion of the present invention, the selective wavelength 
absorbing material, the polyvinyl acetal resin, and the plasti 
cizer, and forming the mixture into a film by a publicly 
known method. 

0159 Further, the heat-ray shielding transparent lami 
nated base material of the present invention capable of main 
taining high transmissivity in the visible light region and 
exhibiting low Solar transmittance can be produced by dis 
posing the heat-ray shielding film of the present invention So 
as to be sandwiched between facing several transparent base 
materials. 

0.160) Further, by using the selective wavelength absorb 
ing material having a transmission profile of 90% or more 
transmittance at wavelength 550 nm, and 40% or less trans 
mittance at wavelength 450 nm, together with the composite 
tungsten oxide particles in a specific ratio, higher heat-ray 
shielding property can be exhibited than a case of using the 
composite tungsten oxide particles alone. 

EXAMPLES 

0.161 The present invention will be described hereafter in 
more detail with reference to examples. However, the present 
invention is not limited to the following examples. 
0162. Further, the powder color (visual field: 10°, light 
Source: D65) of the composite tungsten oxide particles, the 
transmittance of a light having a wavelength of 450 nm and 
the transmittance of a light having a wavelength of 550 nm of 
the selective wavelength absorbing material plasticizer dis 
persion liquid, and the visible light transmittance and the 
Solar transmittance of the heat-ray shielding laminated inor 
ganic glass in each example were measured using the spec 
trophotometer U-4000 produced by Hitachi, Ltd. The solar 
transmittance is an index indicating a heat-ray shielding per 
formance of the heat-ray shielding transparent laminated base 
material. 

0163. Further, a haze value was measured using the 
HR-200 of Murakami Color Research Laboratory Co., Ltd., 
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based on JIS K7105. The haze value is an index indicating the 
transparency of the heat-ray shielding transparent laminated 
base material. 

Example 1 

(0164 H.WO 50 g and Cs(OH), 18.7 g (Cs/W (molar 
ratio) 0.33 equivalents) were thoroughly mixed in an agate 
mortar to obtain a mixed powder. The mixed powder was 
heated under supply of 5% H gas using N gas as a carrier, 
and subjected to reduction treatment at 600° C. for 1 hour, and 
thereafter sintered for 30 minutes at 800° C. under N, gas 
atmosphere, to thereby obtain composite tungsten oxide par 
ticles (abbreviated as “particle a' hereafter). 
0.165. The composition formula of the “particle a' was 
CsoWO, and the powder color was expressed by L*: 
35.2845, a: 1.4873, and b*: -5.2114. 
0166 20 mass % of “particle a”. 10 mass % of an acrylic 
dispersant (abbreviated as “dispersant a hereafter), which is 
an acrylic dispersant having an amine-containing group as a 
functional group (amine value: 48 mg KOH.g., decomposition 
temperature: 250° C.), and 70 mass % of triethylene glycol 
di-2-ethylhexanoate (abbreviated as plasticizer a hereafter) 
were weighed. They were charged into a paint shaker con 
taining 0.3 mm-O ZrO beads, and subjected to a pulveriza 
tion and dispersion treatment for 10 hours to thereby obtain a 
plasticizer dispersion liquid of the composite tungsten oxide 
particles (abbreviated as particle dispersion liquid A). 
(0167 Here, the average dispersed particle size of the tung 
Sten oxide particles in the particle dispersion liquid A was 
measured using a Microtrac particle size analyzer produced 
by Nikkiso Co., Ltd., and it was found that the average dis 
persed particle size was 24 nm. 
0168 Meanwhile, 20 mass % of a quinophthalone com 
pound produced by BASF SE as a selective wavelength 
absorbing material, 10 mass % of “dispersanta', and 70 mass 
% of plasticizer a were weighed. They were charged into a 
paint shaker containing 0.3 mm-diameter ZrO beads, and 
subjected to a pulverization and dispersion treatment for 3 
hours to obtain a selective wavelength absorbing material 
plasticizer dispersion liquid (abbreviated as selective wave 
length absorbing material dispersion liquid C. hereafter). 
0169. The selective wavelength absorbing material disper 
sion liquid C. was diluted in a predetermined concentration by 
the plasticizer a, and put in a glass cell, and optical property 
thereof was measured. It was found that the transmittance of 
a light having a wavelength of 450 nm was 5.3%, and the 
transmittance of a light having a wavelength of 550 nm was 
92.8%. Further, a base line was measured by putting the 
plasticizer a alone in the glass cell, before the abovemen 
tioned measurement. 
0170 Specific amounts of particle dispersion liquid A and 
selective wavelength absorbing material dispersion liquid C. 
were added to a mixture in which 30 mass % of plasticizer a 
and 70 mass % of polyvinylbutyral resin were mixed, so that 
concentration of “particle a' in the mixture was 0.15 mass % 
and concentration of the selective wavelength absorbing 
material was 0.0079 mass %, to thereby obtain composition A 
for producing aheat-ray shielding film. As a result, the weight 
ratio of the selective wavelength absorbing material and the 
composite tungsten oxide particles (composite tungsten 
oxide particles/Selective wavelength absorbing material) in 
the composition A for producing a heat-ray shielding film was 
0.15/O.OO79=95/5. 
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0171 The composition A for producing the heat-ray 
shielding film was kneaded at 200° C. by a twin-screw 
extruder, and extruded from a T-die by an extrusion calendar 
roll method, to thereby obtain the heat-ray shielding film of 
example 1 as a sheet having 0.7 mm thickness. 
0172. The obtained heat-ray shielding film of example 1 
was sandwiched between two facing inorganic glasses and 
integrally laminated by a publicly-known method, to thereby 
obtain the heat-ray shielding transparent laminated base 
material of example 1. 
0173 As shown in table 1, the optical property of the 
heat-ray shielding transparent laminated base material shows 
as follows: the solar transmittance is 41.4% and a haze value 
is 0.6% when the visible light transmittance is 78.0%. The 
results are shown in table 1. 

Examples 2 to 33 
0.174. The heat-ray shielding transparent laminated base 
materials of examples 2 to 33 were obtained in the same 
manner as example 1, excluding a point that the kind and the 
concentration were changed, namely the concentration of the 
“particle a' and the kind/concentration of the selective wave 
length absorbing material in the composition. A for producing 
the heat-ray shielding film described in example 1. 
0.175. Further, the optical properties of the heat-ray shield 
ing transparent laminated base materials of examples 2 to 33 
were measured in the same manner as example 1. The con 
centration of the “particle a' and the kind and the concentra 
tion of the selective wavelength absorbing material in 
examples 2 to 33 are shown in table 1. Further, results of 
measuring the optical property of the heat-ray shielding trans 
parent laminated base materials of examples 2 to 33 are 
shown in table 1. 
0176). As the selective wavelength absorbing material, the 
abovementioned quinophthalone compound was used in 
examples 2 to 16, a nickel azo compound was used in 
examples 17 to 28, an isoindoline compound was used in 
example 29, a quinoxaline compound was used in example 
30, a condensed diazo compound was used in example 31, an 
isoindolinone compound was used in example 32, and a bis 
muth Vanadate compound was used in example 33. 

Comparative Examples 1 to 4 
0177. The heat-ray shielding transparent laminated base 
materials of comparative examples 1 to 4 were obtained in the 
same manner as example 1, excluding a point that the con 
centration of the “particle a' in the composition A for pro 
ducing the heat-ray shielding film described in example 1 was 
changed, and the selective wavelength absorbing material 
described in example 1 was not added. Further, the optical 
properties of the heat-ray shielding transparent laminated 
base materials of comparative examples 1 to 4 were measured 
in the same manner as example 1. The concentration of the 
“particle a' in comparative examples 1 to 4 are shown in table 
2. Further, results of measuring the optical property of the 
heat-ray shielding transparent laminated base materials of 
comparative examples 1 to 4 are shown in table 2. 

Comparative Examples 5 to 9 
0.178 The heat-ray shielding transparent laminated base 
materials of comparative examples 5 to 9 were obtained in the 
same manner as example 1, excluding a point that the con 
centration of the “particle a' and the kind and concentration 
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of the selective wavelength absorbing material in the compo 
sition A for producing the heat-ray shielding film described in 
example 1 were changed. The results are shown in table 2. 
0179. As the selective wavelength absorbing material, in a 
benzimidazolone compound was used in comparative 
example 5, and the quinophthalone compound was used in 
comparative examples 6 to 9. 

Example 34 

0180 RbNO, 8.8g was dissolved in 13.5g of water, which 
was then added into 45.3 g of H.WO (equivalent to Rb/W 
(molar ratio)=0.33), and a mixture was thoroughly stirred and 
dried. The dried product was heated while supplying 2% H. 
gas using N gas as a carrier gas, sintered for 30 minutes at a 
temperature of 800° C., and thereafter sintered for 90 minutes 
at the same temperature of 800° C. in a Nagas atmosphere, to 
thereby obtain Rb-added composite tungsten oxide particles 
(abbreviated as “particle b” hereafter). 
0181. The composition formula of the “particle b” was 
RbWO, and the powder color was shown as L*: 36.3938, 
a: -0.2385, and b*: -3.8318. 
0182 “Particle b”: 20 mass %, “dispersanta': 10 mass %, 
and plasticizera: 70% were weighed. They were charged into 
a paint shaker containing 0.3 mm-O ZrO beads, and Sub 
jected to pulverization and dispersion treatment for 10 hours 
to obtain a plasticizer dispersion liquid ofRb-added compos 
ite tungsten oxide particles (abbreviated as particle dispersion 
liquid Bhereafter). Here, the average dispersed particle size 
of the Rb-added tungsten oxide particles in the particle dis 
persion liquid B was measured using a Microtrac particle size 
analyzer produced by Nikkiso Co., Ltd., and it was found that 
the average dispersed particle size was 28 nm. 
0183. A composition B for producing a heat-ray shielding 
film was obtained by adding a predetermined amount of the 
particle dispersion liquid B and the selective wavelength 
absorbing material dispersion liquid C. into a mixture in which 
30 mass % of plasticizera and 70 mass % of polyvinylbutyral 
resin were mixed, so that the concentration of the “particle b” 
in the mixture was 0.25 mass % and the concentration of the 
selective wavelength absorbing material was 0.0278 mass %. 
As a result, the weight ratio of the selective wavelength 
absorbing material and the Rb-added composite tungsten 
oxide particles (Rb-added composite tungsten oxide par 
ticles/selective wavelength absorbing material) in the com 
position B for producing the heat-ray shielding film was 
0.25/0.0278=90/10. The composition B for producing the 
heat-ray shielding film was kneaded at 200° C. by a twin 
screw extruder, and extruded from a T-die by a calender roll 
method, to thereby obtain the heat-ray shielding film of 
example 34 as a 0.7 mm-thick sheet. 
0184 The obtained heat-ray shielding film was sand 
wiched between two facing inorganic glasses and integrally 
laminated together by a publicly-known method, to thereby 
obtain the heat-ray shielding transparent laminated base 
material of example 34. Further, the optical property of the 
heat-ray shielding transparent laminated base material of 
example 34 was measured in the same manner as example 1. 
0185. As shown in table 2, the optical property of the 
heat-ray shielding transparent laminated base material was 
shown as follows: the solar transmittance was 28.9%, and the 
haze value was 0.6% when the visible light transmittance was 
70.9%. 
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Examples 35 to 39 

0186 The heat-ray shielding transparent laminated base 
materials of examples 35 to 39 were obtained in the same 
manner as example 34, excluding a point that the kind and the 
concentration were changed, namely the kind and the con 
centration of the selective wavelength absorbing material in 
the composition B for producing the heat-ray shielding film 
described in example34. Further, the optical properties of the 
heat-ray shielding transparent laminated base materials of 
examples 35 to 39 were measured in the same manner as 
example34. The concentration of the “particle band the kind 
and the concentration of the selective wavelength absorbing 
material in examples 35 to 39 are shown in table 2. Further, 
results of measuring the optical property of the heat-ray 
shielding transparent laminated base materials of examples 
35 to 39 are shown in Table 2. 

0187. As the selective wavelength absorbing material, a 
nickel azo compound was used in example 35, an isoindoline 
compound was used in example 36, a quinoxaline compound 
was used in example 37, a condensed diazo compound was 
used in example 38, and an isoindolinone compound was 
used in example 39. 

Comparative Example 10 

0188 The heat-ray shielding transparent laminated base 
material of comparative example 10 was obtained in the same 
manner as example 34, excluding a point that a selective 
wavelength absorbing material was not added. The results are 
shown in table 2. 

0189 Composition C for producing the heat-ray shielding 
film was obtained by adding a predetermined amount of the 
particle dispersion liquid A, the selective wavelength absorb 
ing material dispersion liquid C., and the dimmonium com 
pound CIR-RL produced by Japan Carlit Co., Ltd., as an 
infrared ray-absorbing organic compound, into a composi 
tion obtained by mixing 30 mass % of the plasticizera and 70 
mass % of the polyvinylbutyral resin described in example 1 
so that the concentration of the “particle a' in the mixture was 
0.125 mass %, the concentration of the selective wavelength 
absorbing material was 0.0139 mass %, and the infrared 
ray-absorbing organic compound was 0.0139 mass %. As a 
result, the weight ratio of the selective wavelength absorbing 
material and the composite tungsten oxide particles (compos 
ite tungsten oxide particles/Selective wavelength absorbing 
material) in the composition C for producing the heat-ray 
shielding film was 0.125/00139-90/10. The composition C 
for producing the heat-ray shielding film was kneaded at 200° 
C. by a twin-screw extruder, and extruded from a T-die to 
obtain the heat-ray shielding film of example 40 by a calendar 
roll method, as a sheet having 0.7 mm thickness. 
0190. The obtained heat-ray shielding film was sand 
wiched between two facing inorganic glasses and integrally 
laminated by a publicly-known method to thereby obtain the 
heat-ray shielding transparent laminated base material of 
example 40. Further, the optical property of the heat-ray 
shielding transparent laminated base material of example 40 
was measured in the same manner as example 1. 
0191 As shown in table 2, the optical property of the 
heat-ray shielding transparent laminated base material was as 
follows. The solar transmittance was 37.6% and the haze 
value was 0.6% when the visible light transmittance was 
77.5%. 
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Examples 41 to 51 
0.192 The heat-ray shielding transparent laminated base 
materials of examples 41 to 51 were obtained in the same 
manner as example 40, excluding a point that the kind and the 
concentration were changed, namely the kind and concentra 
tion of the selective wavelength absorbing material and the 
kind and concentration of the infrared ray-absorbing organic 
compound in the composition C for producing the heat-ray 
shielding film described in example 40. Further, the optical 
property of the heat-ray shielding transparent laminated base 
materials of examples 41 to 51 were measured in the same 
manner as example 40. The concentration of the “particle a”. 
the kind and the concentration of the selective wavelength 
absorbing material, and the kind and the concentration of the 
infrared ray-absorbing organic compound in examples 41 to 
51 are shown in table 2. Further, results of measuring the 
optical property of the heat-ray shielding transparent lami 
nated base materials of examples 41 to 51 are shown in table 
2. 
0193 As the selective wavelength absorbing material, the 
quinophthalone compound was used in examples 41 to 43, 48, 
50, and 51, and a nickel azo compound was used in examples 
44 to 47 and 49. 
0194 Meanwhile, as the infrared ray-absorbing organic 
compound, the abovementioned dimmonium compound was 
used in examples 41 to 47, 50, and 51, and a phthalocyanine 
compound was used in examples 48 and 49. 

Example 52 
(0195 An infrared ray-reflection film (Scotchtint S90 pro 
duced by Sumitomo 3M Limited: visible light transmittance: 
89%, solar reflectance: 22%) was sandwiched between the 
heat-ray shielding film obtained in example 5 and a transpar 

12 
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ent PVB intermediate film, and further sandwiched between 
two facing inorganic glasses, and integrally laminated by a 
publicly-known method to obtain the heat-ray shielding 
transparent laminated base material of example 52. 
0196. Then, the optical property of the heat-ray shielding 
transparent laminated base material of example 52 was mea 
Sured in the same manner as example 1. In this measurement, 
the optical property was measured from a glass Surface in 
contact with the transparent PVB intermediate film. 
0197) The concentration of the “particle a”, the kind and 
the concentration of the selective wavelength absorbing 
material, and the kind and the concentration of the infrared 
ray-absorbing organic compound in example 52 are shown in 
table 3. Further, results of measuring the optical property of 
the heat-ray shielding transparent laminated base material of 
example 52 are shown in Table 3. 

Examples 53 to 55 
0198 The heat-ray shielding transparent laminated base 
materials of examples 53 to 55 were obtained by performing 
an operation similarly to example 52 using the infrared ray 
reflection film of example 52 and the heat-ray shielding film 
of examples 6 to 8. 
0199 The optical property of the heat-ray shielding trans 
parent laminated base materials of examples 53 to 55 were 
measured in the same manner as example 1. Then, the con 
centration of the “particle a”, the kind and the concentration 
of the selective wavelength absorbing material, and the kind 
and the concentration of the infrared ray-absorbing organic 
compound in examples 53 to 55 are shown in table 3. Further, 
results of measuring the optical property of the heat-ray 
shielding transparent laminated base materials of examples 
53 to 55 are shown in table 3. 

TABLE 1 

Composition for producing heat-ray-shielding film 
Optical properties of heat 
ray-shielding transparent 

Infrared ray- laminated base material 

Heat-ray-shielding Selective wavelength absorbing material absorbing organic Visible 

fine particles 450 nm 550 mm compound Mass Mass light Solar 

Concen- Concen- Trans- Trans- concen- ratioA ratioB trans- trans 
tration tration mittance mittance tration X1 X2 mittance mittance Haze 

Kind (mass %) Kind (mass %) (%) (%) Kind (mass %) wiw wiw (%) (%) (%) 

Example 1 8. O.15 Quinophthalone O.OO79 5.3 92.8 95.5 78.0 41.4 O6 
Example 2 8. O.20 Quinophthalone O.O1 OS 5.3 92.8 95.5 74.2 35.5 0.7 
Example 3 8. O.25 Quinophthalone O.O132 5.3 92.8 95.5 704 31.4 O6 
Example 4 8. O.30 Quinophthalone O.O158 5.3 92.8 95.5 66.2 28S O6 
Example 5 8. O.15 Quinophthalone O.O167 5.3 92.8 90.10 - - 778. 38.7 O6 
Example 6 8. O.20 Quinophthalone O.O222 5.3 92.8 90.10 - - 74.O 32.3 O.S 
Example 7 8. O.25 Quinophthalone O.O278 5.3 92.8 90.10 - - 70.6 28S O6 
Example 8 8. O.30 Quinophthalone O.O333 5.3 92.8 90.10 - - 66.1 25.6 O6 
Example 9 8. O.15 Quinophthalone 0.0375 5.3 92.8 80.20 - - 77.6 39.4 O6 
Example 10 8. O.20 Quinophthalone O.OSOO 5.3 92.8 80.20 - - 73.6 32.7 O.S 
Example 11 8. O.25 Quinophthalone O.0625 5.3 92.8 80.20 - - 704 29.3 0.7 
Example 12 8. O.30 Quinophthalone 0.0750 5.3 92.8 80.20 - - 65.6 25.8 O6 
Example 13 8. O.15 Quinophthalone O.O643 5.3 92.8 70.30 77.2 41.4 O6 
Example 14 8. O.20 Quinophthalone O.O857 5.3 92.8 70.30 734 36.3 O.S 
Example 15 8. O.25 Quinophthalone O.1071 5.3 92.8 70.30 692 31.5 O6 
Example 16 8. O.30 Quinophthalone O.1286 5.3 92.8 70.30 65.4 28.8 O6 
Example 17 8. O.15 Nickel Azo O.OO79 15 91.5 95.5 777 41.9 O.S 
Example 18 8. O.20 Nickel Azo O.O1 OS 15 91.5 95.5 73.9 36.0 0.7 
Example 19 8. O.25 Nickel Azo O.O132 15 91.5 95.5 70.3 31.9 O6 
Example 20 8. O.30 Nickel Azo O.O158 15 91.5 95.5 65.9 29.0 O6 
Example 21 8. O.15 Nickel Azo O.O167 15 91.5 90.10 - - 77.5 39.2 O.S 
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TABLE 1-continued 

Optical properties of heat 
Composition for producing heat-ray-shielding film ray-shielding transparent 

Infrared ray- laminated base material 

Heat-ray-shielding Selective wavelength absorbing material absorbing organic Visible 

fine particles 450 nm 550 mm compound Mass Mass light Solar 

Concen- Concen- Trans- Trans- concen- ratioA ratioB trans- trans 
tration tration mittance mittance tration X1 X2 mittance mittance Haze 

Kind (mass %) Kind (mass %) (%) (%) Kind (mass %) wiw wiw (%) (%) (%) 

Example 22 8. O.2O Nickel Azo O.O.222 15 91.5 90.10 - - 73.7 32.8 O.8 
Example 23 8. O.25 Nickel Azo O.O278 15 91.5 90.10 - - 70.2 29.2 O.6 
Example 24 8. O.30 Nickel Azo O.O333 15 91.5 90.10 - - 65.8 26.1 O.8 
Example 25 8. O.15 Nickel Azo O.O375 15 91.5 80;20 - - 77.3 39.9 0.7 
Example 26 8. O.2O Nickel Azo O.OSOO 15 91.5 80;20 - - 73.3 33.2 O.6 
Example 27 8. O.25 Nickel Azo O.0625 15 91.5 80;20 - - 70.1 29.8 O.S 
Example 28 8. O.30 Nickel Azo 0.0750 15 91.5 80;20 - - 65.3 26.3 O.8 
Example 29 8. O.25 Isoindoline O.O278 33.5 91.5 90.10 - - 704 32.1 O.6 
Example 30 8. O.25 Quinoxaline O.O278 28.9 9 O.S 90.10 - - 70.5 31.4 O.S 
Example 31 8. O.25 Condensed diazo 0.0278 36.7 91.3 90.10 - - 70.1 30.9 O.6 
Example 32 8. O.25 Isoindolinone O.O278 25.7 90.9 90.10 - - 70.3 30.6 O.6 
Example 33 8. O.25 Bismuth vanadate 0.0278 40 90 90.10 - - 70.2 32.3 0.7 

TABLE 2 

Optical properties 
of heat-ray 

shielding trans 
Composition for producing heat-ray-shielding film parent laminated 

Heat-ray- Selective wavelength Infrared base material 

shielding absorbing material ray-absorbing Vis 

fine 450 550 organic ible 
particles Con- ill ill compound light Solar 

Concen- Cell- Trans- Trans- COCC- Mass Mass trans- trans 
tration tration mit- mit- tration ratioA ratioB mit- mit 
(mass (mass tance tance (mass X X2 tance tance Haze 

Kind %) Kind %) (%) (%) Kind %) ww ww (%) (%) (%) 

Example b O.25 Quino- 0.0278 5.3 92.8 90.10 70.9 28.9 O.6 
34 phtha 

lone 
Example b O.25 Nickel O.O278 15 91.5 90.10 70.7 29.7 O.S 

35 AZO 
Example b O.25 Isoindo- 0.0278 33.5 91.5 90.10 70.5 32.3 O.8 

36 inone 
Example b O.25 Quino- 0.0278 28.9 90.5 90.10 70.1 31.3 O.9 

37 Xaline 
Example b O.25 Con- O.O278 36.7 91.3 90.10 70.3 31.1 0.7 

38 ensed 
diazo 

Example b O.25 Isoindo- 0.0278 25.7 90.9 90.10 70.2 30.7 0.7 
39 inone 

Example 8. O.12S Quino- 0.0139 5.3 92.8 Dimmon- O.O13889 90.1O 90,10 77.5 37.6 O.6 
40 phtha- ium 

lone compound 
Example 8. O.167 Quino- 0.0185 5.3 92.8 Dimmon- O.O18519 90.1O 90,10 73.8 31.2 O.S 

41 phtha- ium 
lone compound 

Example 8. O.208 Quino- 0.0231 5.3 92.8 Dimmon- O.O23148 90.1O 90.1O 70.4 27.4 O.6 
42 phtha- ium 

lone compound 
Example 8. O.25 Quino- 0.0278 5.3 92.8 Dimmon- 0.027778 90.1O 90,10 65.8 24.5 O.6 

43 phtha- ium 
lone compound 

Example 8. O.12S Nickel O.O139 5.3 92.8 Dimmon- O.O13889 90.1O 90,10 77.3 37.6 O.S 
44 AZO ium 

compound 
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TABLE 2-continued 

Optical properties 
of heat-ray 

shielding trans 
Composition for producing heat-ray-shielding film parent laminated 

Heat-ray- Selective wavelength Infrared base material 

shielding absorbing material ray-absorbing Vis 

fine 450 550 organic ible 
particles Con- ill ill compound light Solar 

Concen- Cell- Trans- Trans- COCC- Mass Mass trans- trans 
tration tration mit- mit- tration ratioA ratioB mit- mit 
(mass (mass tance tance (mass X X2 tance tance Haze 

Kind %) Kind %) (%) (%) Kind %) ww ww (%) (%) (%) 

Example 8. O.167 Nickel O.0185 5.3 92.8 Dimmon- O.O18519 90.1O 90,10 73.5 31.2 O.8 
45 AZO ium 

COOll 

Example 8. O.208 Nickel O.O231 5.3 92.8 Dimmon- O.O23148 90.1O 90.1O 70.1 27.8 O.6 
46 AZO ium 

COOll 

Example 8. O.25 Nickel O.O278 5.3 92.8 Dimmon- 0.027778 90.1O 90,10 65.6 24.7 O.8 
47 AZO ium 

COOll 

Example 8. O.208 Quino- 0.0231 5.3 92.8 Phthalo- O.O23148 90.1O 90.1O 70.3 27.9 O.6 
phtha- cyanine 

48 lone COOll 
Example 8. O.208 Nickel O.O231 5.3 92.8 Phthalo- O.O23148 90.1O 90.1O 70 28.7 O.6 

49 AZO cyanine 
COOll 

Example 8. O.O67 Quino- 0.0074 5.3 92.8 Dimmon- OO67 90.10 50/50 70.5 31.5 O.6 
50 phtha- ium 

lone COOll 

Example 8. O.233 Quino- 0.0259 5.3 92.8 Dimmon- O.012263 90.1O 95.5 70.7 31.2 O.6 
51 phtha- ium 

lone COOll 

Com 8. O.15 10O.O 78.2 44.1 0.7 
(X86 

1 
Com 8. O.20 10O.O 74.4 38.2 0.7 
(X86 

2 
Com 8. O.25 10O.O 70.2 33 O.6 
(X86 

3 
Com 8. O.10 10O.O 66.5 30 O.S 
(X86 

4 
Com 8. O.25 Benzi- O.O278 25.5 80.7 90.10 66.7 35.3 O.6 
(X86 mida 

5 zole 
Com 8. O.15 Quino- 0.1000 5.3 92.8 60/40 76.8 42.9 O.S 
(X86 phtha 

6 lone 
Com 8. O.20 Quino- 0.1333 5.3 92.8 60/40 73.1 37.8 O.6 
(X86 phtha 

7 lone 
Com 8. O.25 Quino- 0.1667 5.3 92.8 60/40 68.8 33.2 O.S 
(X86 phtha 

8 lone 
Com 8. O.30 Quino- 0.2000 5.3 92.8 60/40 64.8 30 O.6 
(X86 phtha 

9 lone 
Com b O.25 10O.O 71 33.2 0.7 
(X86 

10 

X1: Composite tungsten oxide fine particles selective wavelength absorbing material 
X2: Composite tungsten oxide fine particles infrared ray-absorbing organic compound 
Com: Comparative example 
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TABLE 3 

Composition for producing heat-ray-shielding film 
Optical properties of heat 
ray-shielding transparent 

Infrared ray- laminated base material X3 

Heat-ray-shielding Selective wavelength absorbing material absorbing organic Visible 

fine particles 450 nm 550 mm compound Mass Mass light Solar 

Concen- Concen- Trans- Trans- concen- ratioA ratioB trans- trans 
tration tration mittance mittance tration X1 X2 mittance mittance Haze 

Kind (mass %) Kind (mass %) (%) (%) Kind (mass %) wiw ww (%) (%) (%) 

Example 52 8. O.15 Quinophthalone 0.0167 5.3 92.8 90.10 77.1 36.7 O.6 
Example 53 8. O.2O Quinophthalone 0.0222 5.3 92.8 90.10 73.2 3O.S 0.7 
Example 54 8. O.25 Quinophthalone 0.0278 5.3 92.8 90.10 7O.O 27.0 0.7 
Example 55 8. O.30 Quinophthalone 0.0333 5.3 92.8 90.10 65.6 24.3 0.7 

X1: Composite tungsten oxide fine particles selective wavelength absorbing material 
X2: Composite tungsten oxide fine particles infrared ray-absorbing organic compound 
X3: Structure of transparent laminated base material: glasstransparent PVB film infrared ray-reflective film heat-ray-shielding film glass. 

Evaluation of Examples 1 to 16 and Comparative 
Examples 1 to 4 and 6 to 9 

0200. In examples 1 to 16, lower solar transmittance was 
obtained by using the selective wavelength absorbing mate 
rial together with the composite tungsten oxide particles. 
0201 The results are described using FIG. 1. 
0202 FIG. 1 is a graph showing the solar transmittance on 
the vertical axis and the visible light transmittance on the 
horizontal axis. In the graph, data of examples 1 to 4 is plotted 
by - O - showing that the weight ratio A is 95/5, which is the 
weight ratio (composite tungsten oxide particles a? selective 
wavelength absorbing material <quinophthalone com 
pound>), data of examples 5 to 8 is plotted by -- showing 
that the weight ratio is 90/10, data of examples 9 to 12 is 
plotted by -A- showing that the weight ratio is 80/20, data of 
examples 13 to 16 is plotted by -x-showing that the weight 
ratio is 70/30, data of comparative examples 1 to 4 is plotted 
by -- showing that the weight ratio is 100/0, and data of 
comparative examples 6 to 9 is plotted by ----showing that the 
weight ratio is 60/40. 
0203 From FIG. 1, it was found that by setting the weight 
ratio in the range of 99/1 to 70/30, namely the weight ratio of 
the selective wavelength absorbing material and the compos 
ite tungsten oxide particles (composite tungsten oxide par 
ticles a? selective wavelength absorbing material <quinoph 
thalone compound>) as shown in examples 1 to 16, higher 
heat shielding performance can be obtained than a case of 
using the composite tungsten oxide particles alone as shown 
in comparative examples 1 to 4. 
0204 Meanwhile, it was found that if the weight ratio 
(composite tungsten oxide particles a? selective wavelength 
absorbing material <quinophthalone compound>) was 60/40 
as shown incomparative examples 6 to 9, which was not in the 
range of 99/1 to 70/30, the heat shielding property was dete 
riorated compared with the case of using the composite tung 
Sten oxide particles alone. 

Evaluation of Examples 17 to 28 and Comparative 
Examples 1 to 4 

0205. In examples 17 to 28 as well, lower solar transmit 
tance was obtained by using the selective wavelength absorb 
ing material together with the composite tungsten oxide par 
ticles. 

0206. The results are described using FIG. 2. 
0207. In the graph of FIG. 2, similarly to FIG. 1, data of 
examples 17 to 20 is plotted by - O - showing that the weight 
ratio A is 95/5, namely the weight ratio (composite tungsten 
oxide particles a? selective wavelength absorbing material 
<nickel azo compound>), data of examples 21 to 24 is plotted 
by -- showing that the weight ratio is 90/10, data of 
examples 25 to 28 is plotted by -A- showing that the weight 
ratio is 80/20, and data of comparative examples 1 to 4 is 
plotted by -- showing that the weight ratio is 100/0. 
0208. From FIG. 2, it was found that by setting the weight 
ratio in the range of 99/1 to 70/30, which is the weight ratio of 
the selective wavelength absorbing material and the compos 
ite tungsten oxide particles (composite tungsten oxide par 
ticles a? selective wavelength absorbing material <nickel azo 
compound>), higher heat shielding performance can be 
obtained than the case of using the composite tungsten oxide 
particles alone as shown in comparative examples 1 to 4. 

Evaluation of Examples 29 to 33 and Comparative 
Examples 1 to 4 and 5 

0209. In examples 29 to 33, lower solar transmittance was 
obtained by using the selective wavelength absorbing mate 
rial together with the composite tungsten oxide particles. 
0210. The results are described using FIG. 3. 
0211. In the graph of FIG. 3, similarly to FIG. 1, data of 
example 29 is plotted by - O - showing that the selective 
wavelength absorbing material is an isoindoline compound, 
data of example 30 is plotted by -- showing that the selec 
tive wavelength absorbing material is a quinoxaline com 
pound, data of example 31 is plotted by -A- showing that the 
selective wavelength absorbing material is a condensed diazo 
compound, data of example 32 is plotted by - O - showing that 
the selective wavelength absorbing material is an isoindoli 
none compound, data of example 33 is plotted by -O-show 
ing that the selective wavelength absorbing material is a bis 
muth Vanadate compound, data of comparative example 5 is 
plotted by ---- showing that the selective wavelength absorb 
ing material is a benzimidazolone compound, and data of 
comparative examples 1 to 4 is plotted by -*-showing that the 
selective wavelength absorbing material is not used. 
0212. From FIG. 3, it was found that higher shielding 
performance could be obtained than the case of using the 
composite tungsten oxide particles alone, by using the selec 
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tive wavelength absorbing material together with the com 
posite tungsten oxide particles, the selective wavelength 
absorbing material having the following transmission profile: 
the transmittance of the light having the wavelength of 550 
nm is 90% or more and the transmittance of the light having 
the wavelength of 450 nm is 40% or less. 
0213 Meanwhile, comparative example 5 shows the fol 
lowing transmission profile of the used selective wavelength 
absorbing material: the transmittance of the light having the 
wavelength of 550 nm is 90% or less and the transmittance of 
the light having the wavelength of 450 nm is 40% or more, 
which is outside the range defined by the present invention. 
Therefore, heat shielding property was deteriorated com 
pared with the case of using the composite tungsten oxide 
particles alone. 

Evaluation of Examples 34 to 39 and Comparative 
Example 10 

0214. In examples 34 to 39, lower solar transmittance was 
obtained by using a selective wavelength absorbing material 
together with the Rb-containing composite tungsten oxide 
particles. Further, it was found that by using a selective wave 
length absorbing material having a transmission profile in 
which a transmittance of a light having a wavelength of 550 
nm is 90% or more and a transmittance of a light having a 
wavelength of 450 nm is 40% or less, together with the 
abovementioned Rb-containing composite tungsten oxide 
particles, a higherheat shielding performance can be obtained 
than a case of using the Rb-containing composite tungsten 
oxide particles alone as described in comparative example 10. 

Evaluation of Examples 5 to 8 and 40 to 47, and 
Comparative Examples 1 to 4 

0215. In examples 40 to 47, lower solar transmittance was 
obtained by using the selective wavelength absorbing mate 
rial and the infrared-ray absorbing organic compound, 
together with the composite tungsten oxide particles. 
0216. The results are described using FIG. 4. 
0217. In the graph of FIG. 4, similarly to FIG. 1, data of 
examples 40 to 43 is plotted by - O - showing that the weight 
ratio A (composite tungsten oxide particles/Selective wave 
length absorbing material <quinophthalone compound>) is 
90/10 and the weight ratio B (composite tungsten oxide par 
ticles/infrared ray-absorbing organic compound <diimmo 
nium compound>) is 90/10, data of examples 44 to 47 is 
plotted by -A- showing that the weight ratio A (composite 
tungsten oxide particles/Selective wavelength absorbing 
material <nickel azo compound>) is 90/10 and the weight 
ratio B (composite tungsten oxide particles/infrared ray-ab 
Sorbing organic compound <dimmonium compound>) is 
90/10, data of examples 5 to 8 is plotted by -x-showing that 
the weight ratio A (composite tungsten oxide particles/Selec 
tive wavelength absorbing material <quinophthalone com 
pound>) is 90/10, and data of comparative examples 1 to 4 is 
plotted by -- showing that the weight ratio is 100/0. 
0218. From FIG.4, it was found that by using the selective 
wavelength absorbing material and the infrared ray-absorb 
ing organic compound, together with the composite tungsten 
oxide particles, higher heat shielding performance could be 
obtained than the case of using the composite tungsten oxide 
particles alone, or the case of using the selective wavelength 
absorbing material together with the composite tungsten 
oxide particles. 
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Evaluation of Examples 48 to 51 and Comparative 
Examples 1 to 4 

0219. In examples 48 to 51, the selective wavelength 
absorbing material and the infrared ray-absorbing organic 
compound were used together with the composite tungsten 
oxide particles. In examples 48 to 51, by using the selective 
wavelength absorbing material and the infrared-ray absorb 
ing organic compound together with the composite tungsten 
oxide particles, lower Solar transmittance was obtained than 
the transmittance of comparative examples 1 to 4 in which the 
composite tungsten oxide particles are not used together. 
Also, by using the selective wavelength absorbing material 
and the infrared-ray absorbing organic compound together 
with the composite tungsten oxide particles, it was found that 
higher shielding performance could be obtained, compared 
with the case of using the composite tungsten oxide particles 
alone. 
0220 Here, the weight ratio A (composite tungsten oxide 
particles/Selective wavelength absorbing material <quinoph 
thalone compound>) was 90/10, the weight ratio B (compos 
ite tungsten oxide particles/infrared ray-absorbing organic 
compound <phthalocyanine compound>) was 90/10, in 
example 48, and the weight ratio A (composite tungsten oxide 
particles/Selective wavelength absorbing material <nickel 
azo compound>) was 90/10 and the weight ratio B (compos 
ite tungsten oxide particles/infrared ray-absorbing organic 
compound <phthalocyanine compound>) was 90/10 in 
example 49, and the weight ratio A (composite tungsten oxide 
particles/selective wavelength absorbing material <quinoph 
thalone compound>) was 90/10 and the weight ratio B (com 
posite tungsten oxide particles/infrared ray-absorbing 
organic compound <diimmonium compound>) was 50/50 in 
example 50, and the weight ratio A (composite tungsten oxide 
particles/Selective wavelength absorbing material <quinoph 
thalone compound>) was 90/10 and the weight ratio B (com 
posite tungsten oxide particles/infrared ray-absorbing 
organic compound <diimmonium compound>) was 95/5 in 
example 51. 

Evaluation of Examples 52 to 55 
0221. In examples 52 to 55, the selective wavelength 
absorbing material and the infrared ray-reflection film were 
used together with the composite tungsten oxide particles. In 
examples 52 to 55, by using the tungsten oxide particles 
together, lower Solar transmittance was obtained than the 
Solar transmittance of comparative examples 1 to 4 in which 
the composite tungsten oxide particles were not used 
together. Also, by using the selective wavelength absorbing 
material and the infrared-ray reflection film together with the 
composite tungsten oxide particles, it was found that higher 
heat shielding performance could be obtained than the case of 
using the composite tungsten oxide particles alone. 

1. A heat-ray shielding film comprising a compound hav 
ing a heat-ray shielding function, a selective wavelength 
absorbing material, a polyvinyl acetal resin, and a plasticizer, 
wherein the selective wavelength absorbing material has a 
transmission profile in which a transmittance of a light having 
a wavelength of 550 nm is 90% or more, and a transmittance 
of a light having a wavelength of 450 nm is 40% or less, and 
a weight ratio of the compound having a heat-ray shielding 
function and the selective wavelength absorbing material 
(compound having a heat-ray shielding function/selective 
wavelength absorbing material) is in a range of 99/1 to 70/30. 
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2. The heat-ray shielding film according to claim 1, 
wherein composite tungsten oxide particles expressed by a 
general formula M.WO (wherein M is an element of one 
kind or more selected from Cs, Rb, K, Tl, In, Ba, Li, Ca, Sr, 
Fe, Sn, Al, and Cu, Satisfying 0.1 sys0.5, and 2.2s Zs3.0) and 
having a hexagonal crystal structure, are composed of the 
compound having the heat-ray shielding function. 

3. The heat-ray shielding film according to claim 2, 
wherein the composite tungsten oxide particles are particles 
having an average particle size of 40 nm or less. 

4. The heat-ray shielding film according to claim 1, 
wherein the selective wavelength absorbing material is at 
least one kind of compounds selected from an isoindoline 
compound, an isoindolinone compound, a quinoxaline com 
pound, a quinophthalone compound, a condensed diazo com 
pound, a nickel azo compound, and a bismuth Vanadate com 
pound. 

5. The heat-ray shielding film according to claim 1, 
wherein the selective wavelength absorbing material is at 
least one kind of compounds selected from a quinophthalone 
compound and a nickel azo compound. 

6. The heat-ray shielding film according to claim 1, 
wherein the selective wavelength absorbing material has a 
transmission profile in which transmittance of a light having 
a wavelength of 550 nm is 90% or more and a transmittance 
of a light having a wavelength of 450 nm is 15% or less. 

7. The heat-ray shielding film according to claim 1, 
wherein the heat-ray shielding film further contains an infra 
red ray-absorbing organic compound. 

8. The heat-ray shielding film according to claim 7. 
wherein the infrared ray-absorbing organic compound is at 
least one kind of compounds selected from a phthalocyanine 
compound, a naphthalocyanine compound, an immonium 
compound, a dimmonium compound, a polymethine com 
pound, a diphenylmethane compound, a triphenylmethane 

Nov. 13, 2014 

compound, a quinone compound, an azo compound, a penta 
diene compound, an azomethine compound, a squarylium 
compound, an organometallic complex, and a cyanine com 
pound. 

9. The heat-ray shielding film according to claim 8. 
wherein the infrared ray-absorbing organic compound is at 
least one kind of compounds selected from a phthalocyanine 
compound and a diimmonium compound. 

10. The heat-ray shielding film according to claim 7. 
wherein a weight ratio of the infrared ray-absorbing organic 
compound and the composite tungsten oxide particles (com 
posite tungsten oxide particles/infrared ray-absorbing 
organic compound) is in a range of 95/5 to 50/50. 

11. A heat-ray shielding transparent laminated base mate 
rial wherein a heat-ray shielding film of claim 1 is arranged 
between several transparent base materials. 

12. The heat-ray shielding transparent laminated base 
material according to claim 11, wherein an infrared ray 
reflection film having a visible light transmittance of 88% or 
more and a solar reflectance of 21% or more is further 
arranged between several transparent base materials. 

13. The heat-ray shielding transparent laminated base 
material according to claim 11, wherein at least one of the 
transparent base materials is glass. 

14. The heat-ray shielding transparent laminated base 
material according to claim 11, wherein a visible light trans 
mittance calculated based on JIS R3106 is 70% or more, and 
a solar transmittance is 32.5% or less. 

15. An automobile comprising a heat-ray shielding trans 
parent laminated base material of claim 11 as a window 
material. 

16. A building comprising a heat-ray shielding transparent 
laminated base material of claim 11 used as a window mate 
rial. 


