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HEAT RAY-REFLECTING GLASS

This invention relates to heat ray-reflecting glass
for buildings, automobiles and other .vehicles.

Heat ray-reflecting glass having low transmission of
visible light and solar radiation has recently been extending
its use as window panes for buildings and automebiles for the
purpose of reducing the hea% of direct sunlight, reducing the
burden of air conditioners, protecting privacy, and improving
appearance. Heat ray—réfleéting glass is produced by forming
on a glass substrate a metal film or a metal nitride film by
a physical means, such as sputtering, br forming a metal
oxide film by spraying a film-forming solutibn containing a
metal compound onto the surface of the glass substrate heated
above the thermal decomposition temperature of the metal
compound. The latter method is superior to the former from
the standpoint of production cost, durability of the coating
film, and the like. However, the heat ray-reflecting glass
obtained by this method hardly reduces a visible light
transmission and a solar radiation transmission below a
certain level depending on the composition of the coating
film.

Under these circumstances, a coating film containing

metal oxides of cobalt and nickel is known as a coating film

capable of relatively reducing a visible light transmission,
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|ts use as wi ndow panes-for buildings and autonobiles for the purpose of
redUC|ng the heat of di“téct sunlight, reducing the bukden of air
conditioners, protecting privacy, and inproving appearance. Heat
ray-reflecting glass is produced by formng on a glass substrate a netal

filmor a netal nitride filmby a physical neans, such as sputtering, or

formng a nmetal oxide filmby spraying a filmform ng solution containing

a netal compound onto the surface of the glass substrate heated above the
met hod

'thermal deconposition tenperature of the netal conpound. The latter
I's superior to the fornmer from the standpoint of production cost,
durability of the coating film and the |like. However, the heat

ray-reflecting:y! 888 described in JP-B-63-32736. (The term "JP-B" used
herein means an examined Japanese patent publication.)

Hoﬁever, the coating film used in electrically
conductive articles disclosed in JP-B-63-32736 has é small
surface resistivity and therefore high electromagnetic wave
reflectivity and, when used as a heat ray-reflecting pane in
buildings, causes a ghost on a TV image in neighboring
houses, which is a disadvantage in practical use particularly
in towns and cities.

'In the light of these circumstances, an object of the
present invention is to provide heat ray-feflecting glass the
coating film of which has electromagnetic wave reflectivity
reduced to a level causing no problem in use, while retaining
a certain range of optical characteristics possessed by a
coating film containing cobalt oxide ahd nickel oxide, and
also exhibits excellent durability.

The present invention relates to heat ray-reflecting
glass comprising a glass substrate having on the surface
thereof a coating film comprising cobalt oxide and nickel
oxide. '

The coating film has the following characteristics:

(1) In a first aspect of the present invention,

the coating film has a surface resistivity of not

less than 10* @/square and a thickness of not less than

10 nm,
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obt ained by this nethod-hardly reduces a visible light-.;transm ssion and a
sol ar radiation transmission below a certain l'evel depénding on the
conposition of the coating film Under these circunstances, a
coating filmcontaining netal oxides of cobalt and nickel is known as a
coating film capable of relatively reducing a visible light transm.ssion,

-2

the content of cobalt in the coating film based on
the total metal content per unit area is from 60 to 90% by
weight, and

the content of nickel in the coating film based on
the total metal content per unit area is from 10 to 40% by.
weight. -

(2) In a second aséect of the present invention,

the éoating film further comprises a metal oxide
containing at least one metal selected from titanium,
vanadium, chromium, manganese, copper, aﬁd zirconium, and has
a surface, resistivity of not less than 10£ Q/square and a
thickness of not less than 10 nm,

the content of cobalt inlthe coating film based on
the total metal content per unit area is from. 60 to 89% by
weight,

the content of nickel in the coating film based on
the total metal content per unit area is from from 10 to 39%
by weight, and

the content of at least one metal selected from
titanium, vanadium, chromium, manganese, copper, and
zirconium in the coating film based on the total metal
content per unit area is from 1 to 30% by weight.

(3) In a third aspect of the present invention,

the coating film further c0mprise§ an iron oxide, and
has a surface resistivity of not less than 10* 9/squaré and a

thickness of not less than 10 nm, and
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etc. as described in JP-B-63-32736. (The term"JP-B" used herein means

an exam ned Japanese pﬁfent publlcatlon ) However, the coating
filmused in electrically conductive articles disclosed in JP-B-63-32736
has a smal | surface resistivity and therefore high el ectromagnetic wave

reflectivity and, when used as a heat ray-reflecting pane in bui I di ngs,
causes a ghost on a TV image in nei ghboring houses, which is a

di sadvantage in practical -use particularly in towns and cities.

In the light of these circunstances, an object of the

the content of iron in the coating film based on the
total metal content per unit area is frdmifrom 1.0 to 4.5% by
weight.

(4) In a fourth aspect of the present invention,

the coating film has.a surface resistivity of not
less than 10° Q@/square and a thickness of from 10 to 70 nm,
and consisting eésentially pf oxides having spihel structures
comprising cobalt oxide and nickel oxide, and

a reflecting color tone viewed from the side of said

heat ray-reflecting glass opposite to said coating film being

’ f

green series color.

-Fig. 1 shows the relationship between the content of
cobalt to the total metal content per unit area of a coating
film and change of visible light transmission before and
after an acid resistance test.

Fig. 2 shows a schematic.cross section of the heat
ray-reflecting glass according to the present invention, in
which the numeral 1 denotes a glass substrate, and 2 denotes
the coating f£ilm.

The heat ray-reflecting glass according to the
present invention can be produced by a method comprising
applying a film-forming solution containing a cobalt
compound, a nickel compound, and other compounds for.
constituting the components of the coating film to a glass
substrate kept at a temperature not lower than the thefmal'

decomposition temperature of these metallic compounds to form
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present invention is to provide heat ray-reflecting glass the coating film
of which has el ectromagnetic wave reflectivity reduced.to a |evel causing
no problemin use, while retaining a certain range of optical
characteristics possessed by a coating filmcontaining cobalt oxide and

ni ckel oxide, and also exhibits excellent durability. The present
I nvention relates to heat ray-reflecting glass conprising a glass
substrate having on the surface thereof a coating filmconprising cobalt
oxi de and ni ckel oxide. The coating filmhas the follow ng
characteristics: (1) In a first aspect of the present invention

the coating filmhas a surface resistivity of not
a metal oxide film. More specifically, the method can be

effected by spraying the film-forming solution onto glass
maintained at a high temperature after melt forming on the
glass manufacturing line by the float method.

The temperature of the glass substrate at which a
film-forming solution is applied is preferably from 350 to
goo°c. : ' -

. Examples of the cobgit-compounds include cobalt (II)-
or (III) acetylacetonate, cobalt acetate, cobalt chloride,
cobalt borate, cobalt sulfate, cobalt benéoate, cobait
bromide, cobalt nitrate, cobalt fluoride, ‘cobalt ioaide,
cobalt oxalate, cobalt phcsphate; cobalt phosphite, and
cobalt stearate.

Examples of the nickel compounds include
dipropionylmethanenickel, dipropionylacetonenickel, nickel
acetylacetonate, nickel acetate, nickel bromide, nickel
chloride, nickel fluoride, nickel fluorosilicate, nickel
nitrate, nickel formate, nickel hydroxide, nickel iodide,
nickel stearate, nickel sulfamate, and nickel sulfate.

Among these nickel compounds preferred are
dipropionylmethanenickel and/or dipropionylacetonenickel
which can provide a coating film with a satisfactory
appeérance and have satisfactory solubility in organic
solvents, such as alcohdls, toluene, and xylene.

Nickel acetylacetonate forms a coating film hav1ng

further improved appearance and can also preferably used in
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It-ess than 10[err] [err]/square and a thickness of not |ess than 10 nm
-3- t ha:gontent of cobalt in the coating-filmbased on t he

total metal content per unit area is from60 to 90% by

the present invention. Since nickel acetylacetonate has low
solubility in organic solvents, such as alcochols, toluene,
and xylene, it is preferably used in the form of a suspension
in an organic solvent.

Examples of the titanium compounds include titanium
tetrachloride, titanium tetraethoxide, titanyl
acetylacetonate, titanium QiII) sulfate, titanitim (IV)
sulfate, titanium tetrabutoxide, titanium isopropoxide,
titanium methoxide, titanium
diisopropoxybisoctyleneglycoxide, titaniﬁm
di-n-propoxybisoctyleneglycoxide, !
diisopropoxfmonooctyleneglycoxyacetylacetonatotitanium,
di-n—butoxymonooctyleneglycdxyacetylacetonatotitanium,
titanium tetrabctyleneglycoxide, and
di-n-propoxybisacetylacetonatotitanium;

Examples of the vanadium compounds include vanadium
acetylacetonate, vanadyl acetylacetonate, vanadium
trichloride, vanadyl diéhloride, vanadyl trichloride, wvanadyl
nitrate, vanadyl oxalate, and vanadyl sulfate.

Examples of the chromium compounds include chromiuh
acetylacetonate, chromium (III) acetate, chromium (II)
chloride, chromium (III) chloride, chromium (III) formate,
chromium (IIX) fluoride, ammonium chromium sulfate, chromium
(III) hydroxide, chromium (III) nitrate, chromium (III)
phosphate, potassium chromium sulfate, and chromium (IiI)
sulfate.

U
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melght and S the content of nickel in the coating film based on
the total netal contentiper unit area is from10 to 40%by .weight.

(2) I'n a second aspect of the present invention, the coating film
f.urther conprises a netal oxide containing at |east one netal selected
fromtitanium vanadium chrom um nanganese, copper, and zirconium and
has a surface resistivity of not less than 10[err] [err]/square and a

t hi ckness of not |less than 10 nm the content of cobalt in the
coating filmbased on the total netal content per unit area is from60 to

89% by wei ght,

Examples of the manganese compounds include manganese
(I) acetylacetonate, manganese (II) acetylacetonate,
manganese acetate, ammonium manganese sulfate, manganese
borate, manganese bromide, mahganese carbonate, manganese
chloride, manganese fluoride, manganese fluorosilicate,
manganese formate, manganese iodide, manganese lactate,
manganese nitrate, manganese'oxalate, manganese *-
dihydrogenphosphate, manganese hydrogenphosphate, manganese
sulfate, and manganese tartrate. |

Example§ of the copper.compounds include copper.
acetylacetonate, cuprous bromille, cupric b}omide, cuprous
chloride, cupric chloride, ammonium cupric chloride, cupric
citrate, cuprous éyanide, copper fluoroborate, cupric
fluoride, copper fluorosilicate, cupric formate, cupric
‘hydroxide, cuprous iodide, copper nitrate, copper oleate,
cupric oxalate, cupric phosphate, and copper sulfate.

Examples of the zirconium compounds include zircoﬁium
acetylacetonate, zirconium hydroxide, zirconium nitrate,
zirconium nitrife, zirconium oxychloride, zirconium
oxyphosphate, zirconium sulfate, zirconium tetrachloride, and
zirconium acetate.

Examples of the iron compounds include iron
acetylacetonate, ferrous chloride, ferric chloridé, ferric
citrate, ammonium ferric oxalate, ammonium ferric sulfate,
iron fluoroborate; ferric fluoride, iron fluorosilicate;

ferrous lactate, ferric nitrate, ferrous oxalate, ferrous

Sheet Has Been Replaced_

T T




the content of nickel in the coating filmbased on the total netal content
per unit area is from £#dm 10 to 39% by weight, and &% t he content
of at |east one netal selected from titanium vanadium chrom um
manganese, copper, and zirconiumin the coating filmbased on the total
metal content per unit area is from1l to 30% by wei ght. (3) In a
third aspect of the present invention, the coating filmfurther
conprises an iron oxide, and has a surface resistivity of not |ess than
10[err] [err]/square and a thickness of not less than 10 nm and

phosphate, ferric phosphate, ferrous sulfate, ferric sulfate,
and ferrous tartrate.

As a solvent for dissolving or dispersing the above-
mentioned metallic compounds, organic solvents such as
aromatic solvents, ester solvents, ketone solvents, alcohol
solvents, ether solvents can generally be used.

Examples of the glasé substrate generally includes a
colo;iess transparent soda-lime glass substrate but is not
limited thereto. For adjusting a visible light transmission
or a color tone of transmitted light, colored soda-lime glass
containing a slight amount of toloring agehts may also be
used.

In order to reduce the reflectance, the coating film
may further contain silicon or aluminum. In order.to adjust

" the color tone, the coating film may further contain zinc,
tin, antimony; indium, etc. The content of.these metals for
reducing the reflectance or adjusting the color tone is
preferably 3% by weight or less.bésed-on the total metal
content per unit area.

In the coating film according to the first aspect of
the present invention, the content of cobalt in the coating
film based on the total metal content per unit area is
preferably from 68 to 87% by weight, and the content of
nickel in the coating film based on the total metal content
per unit area is preferably from 13 to 32% by weight, from

the viewpoint of the durability of the coating film.
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-4- the content of iron in the coating fllmbased on the
total metal content persunit area is fromfrom1.0 to 4:'5% by wei ght .

(4) In a fourth aspect of the present invention, the coating film
has a surface resistivity of not | ess than 10[err] [err]/square and a

“thickness of from10 to 70 nm

The coating film according to the first and second
aspects of the present invention preferably has a thickness
of not more than 130 nm, because if the thickness is too
large, the surface resistivity may be less than 10* Q/square
depending on its composition. The thickness is more
preferably not more than 100 nm from the viewpoint of the
productivity of the heat raytieflecting glass, amd is further
preferably not more than 45 nm from the viewpoint of the
transmittance of visible lights.

The thickness of the coating film Eccording to all
the aspects of the present invention is stiﬁl preferably from
20 to 45 nm, bécause the coating film having the thickness of
this range provides excellent appearance. The thickness is
still further preferably from 20 to 40 nm. By using heat
ray-reflecting glass having the coating film having such a
thickness for windows of buildings, discomfort due to
reflection of room illuminants at night can be suppressed
because the reflecting color tone on the side of the coating
film becomes monotone; and pollution due to reflected lights
at outer walls of buildings can also be suppressed because -
the reflectance of the heat ray—reflecting.glass at both the
side of the coating fi;m and the side opposite to the coating
film can be reduced.

In the coating film according to the third aspect of
.the present invention, the content of nickel in the coéﬁing

film based on the total metal content per unit area is
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and consisting essentially of oxides having spinel structures conprising
cobalt oxi de and ni ckek=oxi de, and a reflecti g color tone viewed
fromthe side of said heat ray-reflecting glass opposite to said coating
fil mbeing green series color. Fig. 1 shows the relationship
between the content of cobalt to the total nmetal content ‘per -unit area of
a coating filmand change of visible light transni ssion before and =~ after
an acid resistance test. Fig. 2 shows a schematic cross section of

the heat ray-reflecting glass according to the present invention, in
whi ch the nuneral 1 denotes a glass substrate, and 2 denotes the coating

film
preferably from 5 to 40% by weight from the viewpoint of
adjustment of visible light transmittance and improvement in
durability of the coating film.

The heat ray-reflecting glass according to the
present invention preferably exhibits a transmitted color
tone as specified according to JIS 2Z8722-1982 falling within
the following ranges: ' .-

~4.5 < a* < ;.5
3.0 £ b* £ 12.5

The above-specified transmitted color still
preferably.falls within the following rangés in view of the
product value of the appearance of the heat ray-reflecting
glass:

-0.5 £ a” 0.5

I

5.0 £ b* < 8.5
The reflected visible light viewed from the side of
the heat ray-reflecting glass opposite to the coating film
prefgrably exhibits a reflected color tone as specified
according to JIS z8722-1982 falling within the following
ranges:

-7.0 a* -3.0

IA
A

-5.0 £ b < 4.0
a* and b" used herein are chromaticness indexes
according to the L*a*b* colorimetric system specified in JIS

28729-1980.
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The heat ray-reflecting glass according to the present, invention can be
produced by a nethod conprising applying a filmfornmfg sol ution
containing a cobalt conpound, a nickel conmpound, and ot her conpounds for.
Gonstituting the conponents of the coating filmto a glass substrate kept
at a tenperature not lower than the thermal deconposition tenperature of

these netallic conpounds to form -5-

The heat ray-reflecting glass according to the first
aspect of the present invention has a surface resistivity of
10 Q/square or higher so that the electromagnetic wave
reflection is inhibited to such an extent that gives rise to
substantially no problem in practical use. While the surface
resistivity increases according as the film thickness is
decreased, with thé composition of the film_being'equal, the
lower limit of the coating filﬁ of the first aspect of the
present invention is set at 10 nm so as to retain the optical
performance properties essential to heat fay-reflecting
glass. Further, the visible light transmiésioh and solar
radiation transmission of fhe heat ray-reflecting glass of
the first aspect of the present invention are controlled
within practically favorable ranges by limiting the contents
of cobalt oxide and nickel oxide. That is, in a coating film
containing cobalt oxide and nickel oxide, nickel cobaltite
having a spinel structure decreases the surfacelresistivity.
Therefore, while the resisti&ity of a coating film may be
increased by making the ratio of nickel to cobalt largely
different from the stoichiometrié ratio of nickel cobaltite
(Ni/Co = 1/2), if this means for increasing resistivity is
applied to the case in which the proportion of cobalt oxide
is less than 60%, there is a possibility that a visible light
transmission may exceed 50%. On the other hand, when the
means is apélied to the case in which the proportion of

nickel oxide is less than 10%, the solar radiation
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a:nmetal oxide film More specifically, the nethod can be effected by
spraying the filmforniig solution onto gl ass mai nt af’red at a high
tenperature after nelt formng on the gl ass manufacturing line by the
f1 oat net hod. The tenperature of the glass substrate at which a
filmformng -solution is applied is preferably from 350 to 800 [err]C

Exanpl es of the cobalt conpounds include cobalt (1) or (Il1)
acetyl acetonate, cobalt acetate, cobalt chloride, cobalt borate, cobalt
sul fate, cobalt benzoate, cobalt bronide, cobalt nitrate, cobalt fluoride,

cobal t i odi de,
transmission of the glass could not be so reduced as the
visible light transmission. In both cases, the features of
the coating film are not manifested. 1In the first aspect of
the present invention, therefore, such a problem is avoided
by specifying the weight percentages of cobalt and nickel to
the total metal content per unit area of the coating film so
as to fall within the range éf from 60 to 90% and the range
of from 10 to 40%, respectively.

The heat ray-reflecting glass according to the second
aspect of the present invention exhibits ﬁhe above-mentioned
characteristic features of the'first aspecé of the present
invention, and further the durability is improved since the
coating film of the second aspect of the present inveption
contains at least one metal selected from titanium, vanadium,
chromium, manganese, copper, and zirconium.

The heat ray-reflecting glass according to the third
aspect of the present invention also has a surface
resistivity of 10° Q/square or higher so that the
electromagnetic wave reflection is inhibited to such an
extent that éives rise to substantially no problem in
practical use. In the coating film of the third aspect.of
the present invention, the lower limit of the thickness is
set at 10 nm so as to retain the optical performance
properties essential to heat raY—reflecting glass, and the
upper limit of the thickness is set at 70 nm so as to aﬁtain

the surface resistivity of 10° Q/square or higher without
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cobalt oxal ate, cobalt phosphate, cobalt phosphite, and cobalt stearate.
Exanpl es of the nickel*<onpounds include dipropionyl methaneni ckel ,

di propi onyl acet oneni ckel , nickel acetylacetonate, nickel acetate, nickel
brom de, nickel chloride, ni ckel fluoride, nickel fluorosilicate, nicke
nitrate, nickel formate, nickel hydroxide, nickel iodide, nickel stearate,
ni ckel sul famate, and nickel sulfate. Among t hese ni ckel conpounds
preferred are dipropionyl met haneni ckel and/ or di propionyl acet oneni ckel

whi ch can provide a coating filmwth a satisfactory appearance and have

satisfactory solubility in organic
using a relatively large amount of iron. Accordingly, the
content of iron in the coating f£ilm according to the third
aspect of the present invention can be reduced to 4.5% by
weight or lower so as to improve the durability, particularly
acid resistance, of the coating film.

The heat ray-reflecting glass according to the fourth
aspect of the present invention also.has a surfage
resistivity of 10* Q/square or higher so that the
electroﬁagnétic wave reflection is inhibited to such an
extent that gives rise.to substantially no-problem in
practical use. In the heat rawy-reflecting ‘glass of the
fourth aspect of the present invention, the reflected color
tone viewed from the side opposite to the coating film is
green series color. Therefore, it can be utilized as the
heat ray-reflecting glass having green reflected color tone,
which has been demanded as those for windows of buildings
from the viewpoint of accordance in color tone of buildings
and surrounding scene. Conventional heat ray-reflecting
glass having green reflected color tone includes glass having
three-layered film composed of titanium oxide and titanium
nitride, as described in JP-A-63-190742. (The term “JP-A"
used herein means an unexamined Japanese patent application.)
Since this conveﬁtional heat ray-reflecting glass is produced
by forming the coating film by physical vapor deposition, it
is inferior in productivity to the heat ray-reflecting glass

of the fourth aspect of the present invention in which a
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sol vents, such as - al cohol s, toluene, and xyl ene. .. Nicke

acetylacetonate forns a-coating filmhaving further iapfoved appearancg

and can al so preferably used in o _
the present i-nvention. Since nickel acetylacetonate has ow solubility in

organi ¢ solvents, such as al cohols, toluéne,

coating film of high durability can be produced in a low
cost. An oxide film hav1ng the same spinel structures as in
the fourth aspect of the present invention but composed of
cobalt, chromium and iron can be produced by thermal
decomposition of a film forming solution. However, the
coatiﬁg film having such a composition cannot exhibit'green
reflected color tone even if.its thickness is adjusted. :In
this case, even though color tone near the green region can
be obtained, it is difficult to obtain uniform color tone by
forming a uniform coating film on a wide atrea.

The heat ray-reflectind glass_accofding to the first,
second and third aspects of the présent invention can
exhibits green reflected color tone as similar to the fourth
aspect of the present invention by adjustihg the coating
film, specifically by making the thickness of the coating
film to 70 nm or lower.

The present invention will be described in more
detail by reference to the following examples and comparative
examples, but the present invention is not construed as being
limited to the examples. '

Example 1

A 150 mm léng, 150 mm wide, and 4 mm thick soda-lime
silica glass plate was washed and dried to prepare a
substrate. The substrate was fixed with a hanger in én
electric oven set at 650°C and maintained for 5 minutes. A

coating solufion éomposed of 5.13 g of cobalt (III)
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and xylene, it is preferably used in the formof a suspgnsion ‘in an
organi ¢ sol vent. .7 Exanpl es of the titanium coripounds i ncl ude
titanium tetrachloride, titaniumtetraethoxide, titanyl

acetylacetonate, titanium (I111) sulfate, titanium (1V) sul fate, titanium
t et rabut oxi de, titaniumisopropoxide, titani um nmet hoxi de, titanium

di i sopropoxybi soctyl enegl ycoxi de, titanium '

di - n- propoxybi soct yl enegl ycoxi de,

di i sopropoxynonooct yl enegl ycoxyacet yl acet onat oti t ani um

di - n- but oxynonooct yl enegl ycoxyacet yl acet onatotitani um titani um
tetraoctyl enegl ycoxi de, and di - n- propoxybi sacet yl acet onat oti t ani um

acetylacetonate and 1.18 g of dipropionylmethanenickel (II)
dissolved in 100 cc of toluene was sprayed onto the substrate
taken out of the electric oven by using a commercially
available spraygun at an air pressure of 3.0 kg/cmz,.an air
flow of 90 ¢/min, and at a rate of spray coating of 20 mQ/min
for about 10 seconds.

The visible light tréasmission, visible light
reflectance, solar radiation transmission, and solar
radiation reflectance of the resulting heat ray-reflecting
glass was measured in accordance with JIS.R 3106-1985. The
cobalt content based on the total metal coﬂtent in the
coating film was measured by radiofrequency plasma emission
spectroscopy. The surface resistivity and thickness of the
coating film were measured. The results obtained are shown
in Table 1 below.

Example 2

Heat ray-;eflecting glass was prepared in the same
ménner as in Example 1, except that the amount of cobalt
(III) acetylacetonate was changed to 4.27 g, the amount of
dipropionylmethanenickel (II) was changed to 1.96 g, the tiﬁe
for spraying was changed to about 15 seconds, and the raté of
spray coating was changed to_24 m¢ /min. The resulting heat
ray-reflecting glass was examined in the same manner-as in

Example 1. The results obtained are shown in Table 1.
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Exanpl es of the vanadi um conpounds include vanadi um acetyl acetonate,
vanadyl acetyl acet onat@j: vanadi um trichloride, vanady#:dichloride, vanadyl
trichloride, vanadyl nitrate, vanadyl oxal ate, and vanadyl sulfate.

Exanpl es of the chrom um conpounds .i ncl ude chrom um acetyl acetonate,
chromum (111) acetate, chromum (I1) chloride, chromum (I11) chloride,
chromum (111) formate, chromum (I11) fluoride, ammonium chrom um

sul fate, chromium (111) hydroxide, chromum (lI1l) nitrate, chromum (I11l)
phosphat e, potassi um chrom um sul fate, and chromum (I11), sulfate.

Example 3

Heat ray-reflecting glass was prepared in the same
manner as in Example 1, except that the amount of cobait
(ITII) acetylacetonate was changed to 3.21 g, the amount of
dipropionylmethanenickel (II) was changed to 2.94 g, the time
for spraying was changed to about 20 seconds, and the rate of
spray coating was changed to 28 m¢/min. The resulting heat
ray-reflecting glass was examined in the same manner as in
Example 1. The results obtained are shown in Table 1.
Comparative Example 1

For comparison, a coating film composed of metallic
oxides of chromium, iron and cobalt was formed to produce
heat ray—feflecting glass. Heat ray-reflecting glass was
prepared in the same manner as in Example 1, except that the
amount of cobalt (III) acetylacetonate was changed to 6.55 g,
1.90 g of iron (III) acetylacetonate and 5.00 g of chromium
(IIT) acetylacetoﬁate were used instead of
dipropionylmethanenickel (II), the time for spraYing was
changed to about 30 seconds, and the rate of spray coating
was changed to 35 m¢/min. The resulting heat ray-reflecting

glass was examined in the samé manner as in Example 1. The

results obtained are shown in Table 1.
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- T- Exanpl es of the nanganese conpounds- i ncl ude nmanganese
‘(1) acetyl acetonate, “Ranganese (I1) acetyl acetonate, ~ “nmanganese acet at e,
.anmoni um manganese sul fate, manganese borate, manganese brom de,
.manganese carbonate, nanganese chl ori de, manganese fluoride, manganese
fluorosilicate, manganese fornmate, manganese iodi de, manganese | act at e,
manganese nitrate, nanganese oxal ate, nanganese
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di hydr ogenphosphat e, manganese hydr ogenphosphat e, manganese sul fate, and
manganese tartrate. e Exanpl es of the copper co¥pounds i ncl ude
copper acetylacetonate cuprous brom de, cupric brom de, cuprous

chl oride, cupric chloride, amroniumcupric chloride, cupric citrate,
cuprous cyani de, copper fluoroborate, cupric fluoride, copper
fluorosilicate, cupric formate, cupric hydroxide, cuprous iodide, copper
nitrate, copper oleate, cupric oxalate, cupric phosphate, and copper

sul fate. Exanpl es of the zirconi um conpounds include zirconi um
acetyl acetonate, zirconium hydroxide, zirconiumnitrate, zirconium

nitrite, zirconiun1oxygrgéndﬁy%rs%5r ° Egg]the results of Table 1 that
heat ray-reflecting glass of Examples 1 to 3 has a surface
resistivity of 10° Q/square or more and a visible light
transmission of 50% or less, and the solar radiation
transmission does not exceed the value 2.5% higher than the
visible light transmission. In the heat ray-reflecting glass
of Comparative Example 1, the visible light transmission is
suppressed to 50% or less, but the solar radiation
transmission is almost 5% higher than ﬁhe visible light
transmission. Accordingly, the heat ray-reflecting glass of
Examples 1 to 3 are excellent }n solar radiation shielding
performance in comparison to that of Comparative Example 1.
The chromaticness index a* and b* of the transmitted
light of the heat ray-reflecting glass obtained in Examples 2
and 3 and Comparative Example 1 were measured. The results

are shown in Table 2 below.

TABLE 2
a” b*
Example 2 0.28 8.29
Example 3 -0.13 8.41
Comparative -0.72 13.80
Example 1
heet Has Been Replaced - 18 -
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- oxyphosphate, zirconiumsulfate, zirconiumtetrachlorigde, and zirconium

acet ate. Exafpl-es of the iron conpounds include iron
acetyl acetonate, ferrous chloride, ferric chloride, ferric citrate,
amoni um ferric oxal ate, ammoniumferric sulfate, iron fluoroborate,

ferric fluoride, iron fluorosilicate, ferrous lactate, ferric nitrate,
ferrous oxal ate, ferrous - 8-

Examples 4 to 8 and Comparative Example 2 and 3

Heat ray-reflecting glass was prepared in the same
manner as in Example 1 except that the composition of the
coating solution was changed. The wvisible light
transmission, visible light reflectance, solar radiation
transmission, and solar radiation reflectance of the
resulting heat ray-reflecting glass was measured in
accordance with.JIS R 3106-1985. Further, the éhemical
resistance was examined'in accordance with JIS R 3221-1990,

provided that the time for immersing the glass in chemical

was 3 days.
’

The results obtained are shown in Table 3 and Fig. 1.
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phosphate, ferric phosphate, ferrous sulfate, ferric sulfate, and ferrous
tartrate. Asa sol vent for dissolving or dispérsing the above-

menti oned nmetal lic conpounds, organic solvents such as aromati c sol vents,
ester solvents, ketone solvents, alcohol sol vents, ether solvents can
general ly be used. Exanpl es of the glass substrate generally
includes a colorless transparent soda-linme glass substrate but is not
limted thereto. For adjusting a visible light transm ssion or a color
tone of transmtted light, colored soda-line glass contai ning a slight

anount of coloring agents may al so be
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used. In order .to reduce the reflectance, the coating film may
further contain siliconm dr aluminum In order to adjust*™the color tone,
the coating filmmy further contain zinc, tin, antinony, indium etc. The
content of these netals for reducing the reflectance or adjusting the
color tone is preferably 3% by weight or | ess based on the total netal
content per unit area. In the coating filmaccording to the first
aspect of the present invention, the content of cobalt in the coating
filmbased on the total netal content per unit area is preferably from 68
to 87% by weight, and the content of nickel in the coating film based on

the total metal contept is understood from Fig. 1 that the acid resistance
of the coating film is particularly excellent in the region
in that the cobalt content is from 68 to 87% by weight.

It is understood from the results in Table 3 that the
metallic oxide coating film having a cobalt content of 50% by
weight has a visible light transmission of more than 50%, but
the metallic oxide coating film having a cobalt content of
100% by weight has a solar radiation transmissi&g of about 5%
higher than the visible'light fransmission, thus failing to

attain a sufficient transmission energy controlling

performance.
» H

In all Examples 1 to 8, coating films having uniform
appearance were obtained. j

While in Examples 1 to' 8, colorless transparent soda-
lime glass was used as the gléss substrate, the visible light
transmission, the solar radiation transmission, the
transparent color tone of the resulting heat ray-reflecting
glass.can.be properly adjusted by using colored soda-lime
glass as the substrate.
Comparative Example 4

Heat ray-reflecting glass was prepared in the same
manner as in Example 1, except that the amount of cobalt
(III) acetylacetonate was changed.to 7.12 g, the amount of
dipropionylmethanenickel (IT) was.changed to 3.13 g, the
amount of toluene was changed to 200 cc, the time for

spraying was changed to about 50 seconds, and the rate of

I
- 21 -
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per unit area is preferably from13 to 32% by wei ght, from the viewpoint
of the durability of the coating film e The coating
filmaccording to the first and second aspects of the present invention
preferably has a thickness of not nore than 130 nm because if the

t hi ckness is too

spray coating was changed to 100 m¢/min. The resulting heat
ray-reflecting glass had a coating film having a thickness of
150 nm, and the visible light transmission wés 8.5%, but the
surface resistivity was 1,100 Q/square.

Example 9

A 150 mm long, 150 mm wide, and 4 mm thick soda-lime
silica glass plate was washed and dried to prepare a
substrate. The substrate was’fixed with a hang;¥ in an
electric oven set at 650°C and maintained for 5 minutes. A
coating solution composéd of 5.13 g of cobalt (III)
acetylacetonate, 1.18 g of di?ropionylmetpanenickel (II), and
0.65 g of vanadium acetylacetonate dissolved in 100.c¢ of
toluene was sprayed onto the substrate taken out of the
electric oven by using a Commercially available spraygun at
an air pressure of 3.0 kg/cm , an air flow of 90 ¢/min, and
at a rate of spray coatlng of 20 m¢/min for about 20 seconds.

The visible light transmission of the resulting heat
ray-reflecting glass was measured in accordance with JIS R
3106-1985. The cobalt content based on the total metal
content in tﬁe coating film was measured by radiofrequency
plasma emission spectroscopy. The surface resistivity and
thickness of the coating film were measured. The results
obtained are shown in Table 4 below.
Example 10

Heat ray-reflecting glass was prepared in the same
manner as in Example 9, excépt that 0.66 g of chromium

__f__——f____f____,h
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| 'arge, the surface resistivity may be less than 10[err] [err]/square
dependi ng- on its conposi-tion. The thickness is nore preferably not nore

than 100 nm fromthe viewpoint of the productivity of the heat
rray-reflecting glass, and is further preferably not nore than 45 nmfrom

the viewpoint of the transmttance of visible |Iights. The

t hi ckness of the coating filmaccording to all the aspects of the present
invention is still preferably from 20 to 45 nm because the coating film
havi ng the thickness of this range provides excell ent appearance. The
thickness is still further preferably from20 to 40 nm By using heat

ray-ref'eCt'”Qc8k9§§céégﬂ£¥LtJ§%‘Eﬁ@d q sigg Q%V gaélum ECetylacetonate,
and examined in the same manner as in Example 9. The results
obtained are shown in Table 4.

Example 11

Heat ray-reflecting glass was prepared in the same
manner as in Example 9, except that 0.65 g of manganese
acetylacetonate was used instead of vanadium acetylacetonate,
aid examined in the same manner as in Example 9. The results °
obtaihed are shown in Table 4;

Example 12

Heat ray-reflecting g%ass was prepared in the same
manner as in Example 9, except that 0.66 g of copper
acetylacetonate was used instead of vanadium acetylacetonate,
and examined in the same manner as in Example 9. The results’
obtained are shown in Table 4.

Example 13
Heat ray-reflecting glass was prepared in the same
" manner as in Example 9, except that 0.66 g of zirconium
acetylacetonate was used instead of vanadium acetylacetonate,
and examined in the same manner as in Example 9. The results

obtained are shown in Table 4.

Comparative Example 5
Heat ray-reflecting glass was prepared in the same
manner as in Example 9, except that zirconium acetylacetonate
was not used, and examined in the same manner as in Example
9. The results obtained are shown in Table 4.
[
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thi ckness for wi ndows of buildings, disconfort due to, reflection of room
illumnants at night c¢ar be suppressed because the refrectlng col or tone
an the side of the coating film becomes nonotone; and pollution due to
reflected lights at outer walls of buildings can al so be suppressed
because the reflectance of the heat ray-reflecting glass at both the side
of the coating filmand the side opposite to the coating filmcan be
reduced. In the coating filmaccording to the third aspect of the
present invention, the content of nickel in the coating filmbased on the

total netal content per unit area is
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-+ 10 - preferably from5 to 40% by weight fromthe vi ewpoint of
adj ust ment of visiblei:ght transnittance and i nprovengnit in durability
of the coating film The heat ray-reflecting glass according to
t he present invention preferably exhibits a transmtted col or tone as
specified according to JI'S Z8722-1982 falling within

It is understood from the results shown in Table 4
that the heat ray-reflecting glass of Examples 9 to 13 has a.
surface resistivity of 10* kQ/square or more and a visible
light transmission of 50%.or lower, and when é metallic oxide
of vanadium, chromium, manganese, or zirconium is added to
the coating film, the surface resistivity greatly increases.
Example 14

Cobalt (II) acetylacetonate, nickel (IIi
acetylacetonate, and titanium.acetylacetonate were mixed in a
molar ratio of 78.4/19.6/2, and 15 g of the resulting mixture
was added to 100 cc of toluene containinglpolyethylene glycol
and polydimethylsiloxane as dispersants. The mixture was
stirred for 10 seconds by using a paint shaker (produced by
Eishin Co.) to obtain a coating solution.

A 300 mm long, 300 mm wide, and 4 mm thick soaa;lime
glass plate was washed and dried to prepare a substrate. The
substrate was fixed with a hanger in an electric oven set at
650°C and maintained for 5 minutes. 15 g of the above
coating solution was sprayed onto the substrate taken out of
the electric oven by using a commercially available spraygun
at an air pressure of 4 kg/cm?, an air flow of 140 {(/min, to
form a metallic oxide coating film having a thickness of 50
nm. |

.The visible light transmission and solar radiation
transmission of the resulting heat ray-reflecting glass was

measured in accordance with JIS R 3106-1985. The surface
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the foll ow ng ranges: . -4.5 [err] a* Jerr] 4.5

3.0 [err]

still preferably falls within the follow ng ranges in view of the

b* [err] 125" The above-specified transmtted col or
pr oduct

val ue of the appearance of the heat ray-reflecting glass:

-0.5 [err]

a* [err] 0.5 5.0 [err] b* [err] 8.5

The reflected visible light viewed fromthe side of the heat
ray-reflecting glass opposite to the coating film preferably exhlblts a
refl ected color tone as speC|f|ed

resistivity of the coating film was measured. The results
obtained are shown in Table 5 below.

Examples 15 to 19

Heat ray-reflecting glass was obtained in the same
manner as in Example 14 except that titanium acetylacetonate
was replaced by the same amount of wvanadium acetylacetonate,
chromium acetylaéetonate, manganese acetylacetdnate, copper
acetylacetonate; or zirconium acetylacetonate. .fhe resulting
heat ray-reflecting glass was examined in the same manner as

in Example 14. The results obtained are shown in Table 5.

Comparative Example 6

. :
Héat ray-reflecting glass was obtained in the same

manner as in Example 14 except that titanium acetylacetonate
was not used. 'The resulting heat ray-reflecting glass was

examined in the same manner as in Example 14. The results

' obtained are shown in Table 5.
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ranges:

-5.0 [err] ®* [err] 4.0

i ndexes

according to the L*a*b*

-3.:0
used herein are chromaticness

a* [err]

-7.0 [err]

-according to JIS 7Z8722-1982 falling within the foll ow ng
a and b*
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The heat ray-reflecting. glass according to the first . .aspect of the
present invention has a surface resistivity of 10[ et 7] [err]/square or

hi gher so that the el ectromagnetic wave reflection is inhibited to such
an extent that gives rise to subst-antially no problemin practical use.
Wil e the surface resistivity increases according as the filmthickness
S decreased, with the conposition of the filmbeing equal, the | ower
limt of the coating filmof the first aspect of the present invention is
set at 10 nmso as to retain the optical performance properties essenti al
to heat ray-reflecting gl ass. Further, the visible light transm ssion and

sol ar It is understood from the results shown in Table 5
that the acid resistance of the heat ray-reflecting glass
having'a coating film of oxides of cobalt and nickel can be
improved by adding a metallic oxide of titanium, vanadium,
chromium, manganese, copper, or zirconium to the coating
£ilm. The effect of improving the acid resistance is
considerable in cases of vanadium, chromium, manganese,
copper, «r zirconium. It is further understood from the
comparison between Examples 15 to 19 added with an oxide of
titanium, etc. énd Comparative Example 6 using no additional
metallic oxide that the heat ray-reflecting glass of Examples
15 to 19 is improved in the durab;ll ty of the coatlng film,
particularly the acid resistance, with maintaining the
visible light transmission and the solar radiation
transmission within the certain ranges.

In all Examples 9 to 19, coating films having uniform
appearance were obtained. |

While in Exaﬁples 9 to 19, colorless transparent
soda-lime glass was used as the glass substrate, the visible
light transmission, the solar radiation transmission, the
transparent color tone of the resulting héat ray-reflecting

glass can be properly adjusted by using colored soda-lime

glass as the substrate.

Example 20 -
A 150 mm long, 150 mm wide, and 6 mm thick soda-lime

silica glass plate was washed and dried to prepare a

- 28 -
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radi ati on transm ssion of the heat ray-reflecting glass. of the first
aspect of the present Ziaivention are controll ed wi t hi-ft practically
favorabl e ranges by limting the contents of cobalt oxide and ni ckel
oxide. That is, in a coating film containing cobalt oxide and nickel

oxi de, nickel cobaltite havi ng a spinel structure decreases the surface
resistivity. Therefore, while the resistivity of a coating film my be

i ncreased by naking the ratio of nickel to cobalt |argely different from
the stoichionetric ratio of nickel cobaltite (Ni/Co =1/2), if this neans
for increasing resistivity is appl.ied to the case in which the proportion

|OT gﬁf’ba' t OXi fghstdatd eSTheN3UbERYatbNGLS £ Bxda ROESH M |Hdngdhat, gnvisible
1 electric oven set at 650°C and maintained for 5 minutes. A
coating solution composed of 5.3 g of cobalt (III)
acetylacetonéte, 1.2 g of dipropionylmethanenickel (II), and
0.3 g of iron (III) acetylacetonate dissolved in 200 cc of
toluene was sprayed onto the substrate taken out of the
electric oven by using a commercially available_spraygun at
an air pressure of 1.5 kg/cm?, an air flow of Sovflmin, and
at a raté of spray coating of 100 m{/min for about 5 seconds.

The visible light transmission of~the resulting heat

ray-reflecting glass was measg;ed in accogdance with JIS R
3106-1985. The iron content and the nickel content based on
the total metal content in the coating film was measured by
radiofrequency plasma emission spectroscopy. The crystalline
structure of the coating film was determined by X-ray
diffraction spectroscopy. The surface resistivity of the
coating film was measured by such a manner that the heat
ray-reflecting glass was cut into S5x4 cm, silver paste was
applied on the longer edge of 5 cm to a width of 0.5 cm to
form an electrode, and the resistivity was measured with a.
digital multimeter. The wear resistance wés measured by such
a manner that a Taber truck wheel was rotated for 200
revolutions according to JIS R 3221-1990, and the difference
in the haze values before and after the treatment was

measured. The chemical resistance was measured by such a

manner that the heat ray-reflecting glass was immersed in a

- 29 -
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t-Fansmi ssi on may exceed 50% On the other hand, when the neans is applied

to the case in which the proportion of nickel oxide is:less than 10% the

sol ar radiation - 12 -
transm ssion of the glass could not be so reduced as the

transm ssion. I n both cases, the features of

visible |ight

1 N sulfuric acid or a 1 N aqueous solution of sodium
hydroxide at 40°C for 24 hours, and the deterioration of the
coating film was evaluated to grade A, in which substantially
no deterioration was obse;ved,‘and grade B, in which obvious

deterioration was 6bserved. The results obtained are shown
in Table 6 below.

Example 21
Heat ray-reflecting- glass was prepared in the same

manner as in Example 20, except that the thickness of the
soda~lime silica giass as the substrate was changed to 12 mm.
The resulting heat ray—reflecying glass was examined in the
same manner as in Example 20. Thé results obtained are shown
in Table 6.

Example 22

Heat ray-reflecting'glass was prepared in the same
manner as in Example 20, except that the amount cobalt (III)
acetylacetonate was changed to 8.2 g, the amount of |
dipro?ionylmethanenickel (II) was changed to 1.2 g, and the
amount of iron (III) acetylacetonate was changed to 0.4 g.
The resulting heat ray-reflecting glass was examined in the

same manner as in Example 20. The results obtained are shown

in Table 6.

Example 23

Heat ray-reflecting glass was prepared in the same

manner as in Example 20, except that the amount cobalt (III)

acetylacetonate was changed to 4.5 g, the amount of
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the coating filmare not manifested. In the first aspect of t he present

i nvention, therefore, Stch a problemis avoi ded by specifying the weight
per cent ages of cobalt and nickel to the total netal content per unit area
of the coating filmso as to fall within the range of from®60 to 90% and

t he range of from10 to 40% respectively. The heat ]
ray-reflecting glass according to the second aspect of the present

i nvention exhibits the above-nenti oned characteristic features of the
first aspect of the present invention, and further the durability is
| nproved since the - coating filn1of t he second aspect of the present

I nvention { L ecte frogtgtquJ vanadj um

chr omi um mng&;lr%lé‘;)slo%g&mgr%ﬁgng Z| rCO Ifﬁ]was change ol. '5', ang gl’le
amount of iron (III) acetylacetonate was changed to 0.3 g.
The resulting heat ray-reflecting glass was examined in the
same manner as in Example 20. The results obtained are shown

in Table 6.

Comparative Example 7

Heat ray-reflecting glass was prepared in the same

manner as in Example 20, except that the amount cobalt (III)
acetylacetonate was changed to 5.3 g, the amount of
dipropionylmethanenickel (II) was'changed‘to 1.2 g, and thé

 amount of iron (III) acetylac?tonate was changed to 0.7 g.
The resulting heat ray-reflecting glass was examined in the
same manner as in Exémple 20. The results obtained'are shown
in Table 6.

Comparative Example 8

Heat ray-reflecting glass was prepared in the same
manner as in Example 20; except that the amount cdbalt {IIX)
acetylaéétonate was changed to 5.3 g, the amount of
dipropionylmethanenickel (II) was changed to 1.2 g,'the
amount of iron (III) acetylaéetonate was changed to 0.7 g,
and the time for spraying was changed to twice that in
Example 20. The resulting heat ray-reflecting glass was
examined in the same manner as in Example 20. The results

obtained are shown in Table 6.
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The heat ray-reflecting glass according to the third aspect of the present
invention also has a surface resistivity of 10[err] [€rr]/square or higher
so that the electromagnetic wave reflection is inhibited to such an

extent that gives rise to substantially no problemin practical use. In
the coating filmof the third aspect of the present invention, the |ower
limt of the thickness is set at 10 nmso as to retain the optical’
performance properties essential to heat ray-reflecting glass, and the
upper limt of the thickness is set at 70 nmso as to attain the surface

resistivity of 10[err] [err]/square or higher w thout
Comparative Example 9

Heat ray-reflecting glass was prepared in the same
manner as in Example 20, except that the amount cobalt (III)
acetylacetonate was changed to 3.3 g, the amount of
dipropionylmethanehibkel (II) was changed to 2.9 g, and the
amount of iron (III) acetylacetonate was changed to 0.1 g.
The resulting heat ray-reflecting glass was examined in the

same manner as in Example 20. The results obtained are shown

in Table 6.
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- 13 - using a relatively |arge amount of iron. Accordingly, the
content of iron in thé&-€oating filmaccording to the tthird aspect of the
present invention can be reduced to 4.5% by weight or |lower so as to
inprove the durability, particularly acid resistance, of the coating film
The heat ray-reflecting glass according to the fourth
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aspect of the present jnvention also has a surface resistivity of 10[err]
[err]/square or highefiso that the electromagnetic wave reflection is
inhibited to such an extent that gives rise to substantially no problemin
practical use. In the heat ray-reflecting glass of the fourth aspect of
the present invention, the reflected color tone viewed fromthe side
opposite to the coating filmis green series color. Therefore, it can be

utilized as the heat ray-reflecting glass having green reflected col or
tone, which has been demanded as those for w ndows of buildings fromthe
vi ewpoi nt of accordance in color tone of buildings and surrounding scene.

Conventional heat rayr{ &d ¢¢liel@tood from the results shown in Table 6
that the iron content in the coating film is preferably 1.0%
by weight or more for suppressing the electroconductivity of
the coating film, but if the iron content is too large, the
durability, particularly the acid resistance, of the coating
film is deteriorated, and'therefore the iron content is
preferably 4.5% by weight or less. If the nickel content is
too large, the crystalline structure of the met;l lic oxide in
the coating film does not become spinel structure, resulting
in problems such as high visible light transmission.
Therefore, the nickel content'is preferably from 5 to 40% by
weight, also in view of the durability of the coating film.
Example 24

A 150 mm long, 159 mm wide, and 6 mm thick soda-lime
silica glass plate was washed and dﬁied to prepare a
substrate. The substrate was fixed with a hanger in an
electric oven set at 6$0°C and maintained for 5 minutes. A
coating solution composed of 8.2 g of cobalt (III)
acetylacetonate and 1.2 g of dipropionylmethanenickel (II)
dissolved in 200 cc of toluene was sprayed onto the substrate
taken out of the electric oven by using a commercially
available spraygun at an air pressure of 1.5 kg/cm?, an air
flow of 50 ¢/min, and at a rate of spray coating of
120.m2/min for about 5 seconds.

The visible light transmission of the resulting heat

ray-reflecting glass was measured in accordance with JIS R
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gl ass having green reflected color tone includes gl ass, having
three-layered fil m coiiposed of titaniumoxide and titarium nitride, as
described in JP-A-63-190742. (The term "JP-A" used herein neans an
unexam ned Japanese patent application.) Since this conventional heat
ray-reflecting glass is produced by formng the coating film by physical
vapor deposition, it is inferior in productivity to the heat
ray-reflecting glass of the fourth aspect of the present invention in

which a - 14 -
3106-1985. The chrométicness indexes a" and b" according to
the L'a*b* colorimetric system specified in JIS Z 8729-1980
were measured according to JIS R 3106-1985. The crystalline
structure of the coating film was determined by X-;ay
diffraction spectroscopy. The surface resistivity of the
coating film was measured by such a manner that the heat
ray-reflecting glass wis cut. into 5x4 cm, silve;_paste was
applied on the longer «dge of 5 cm to a width of 0.5 cm to
form an electrode, énd the resistivity was measured with a
digital multimeter. The wear resistance was measured by such
a manner that a Taber truck wheel was rotated for 200
- revolutions according to JIS R 3221-19%0, and the difference
in the haze values before and after the treatment was
measured. The chemical resistance was measured by.such a
manner that the heat ray-reflecting glass was immersed in an
acid solution or an alkaline solution specified in JIS R 3221
for 24 hours, and the deterioration of the coating film was
evaluated to grade A, in which substantially no deterioration
was 6bserved, and grade B, in which obvious deterioration was
observed. The results obtained are shown in Table 7 below.
Example 25
Heat ray-reflecting glass was prepared in the same
manner as in Example 24, except that a coating solution
composed of 8.2 g of cobalt (III) acetylacetonate, 1.2 g of
dipropionylmethanenickel (II); and 0.7 g of iron (III)

acetylacetonate dissolved in 200 cc of toluene was used. The
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coating filmof high durability can be produced in a l.ow cost. An oxide
fil mhaving the sane sfgi'nel structures as in the fourth aspect of the
present invention but comnposed of cobalt, chromiumand iron can be
produced by thernal deconposi.tion of a filmform ng solution. However,
t he coating film having such a conposition cannot exhibit green
reflected color tone even if its thickness is adjusted. In this case,

even though color tone near the green region can be obtained, it is
difficult to obtain uniformcolor tone by formng a uniformcoating film

on a wi de area.
resulting heat ray-reflecting glass was examined in the same

manner as in Example 24. The results obtained are shown in
Table 7.

Example 26

Heat ray-reflecting glass kas prepared in the same
manner as in Example 24, except that soda-lime silica glass
having a thickness of 12 mm was used as the glass substrate,
and a coating solution composed of 8.2 g cf cobalt (III)
acetylacetonate, 1.2 g of dipfopionylmethanenickel (II), and
0.7 é of iron (III) acetylacetonate dissglved in 200 cc of
toluene was used. The reéulting heat ray;reflecting glaés
was examined in the same mannér as in Exaﬁple 24. The
results obtained are shown in Table 7.

Example 27

Heat ray-reflecting glass was prepared in the same
manner as in Example 24, except that soda-lime silica glass
having a thickness of 6 mm, the transmission color tone of
which was blue, was used as the glass substrate. The .
resulting heat ray-reflecting glass was examined in the same
manner as in Example 24. The results obtained are shown ip
Table 7.

Example 28

Heat ray—reflecting glass was prepared in the same
manner as in Example 24, except that soda-lime silica glass
having a thickness of 5 mm, the transmission color tone of

which was green, was used as the glass substrate. The

- 36 -
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The heat ray- reflectlng glass according to the first, second and third
aspects of the presenti-nvention can exhibits green r'éfilected col or tone
as simlar to the fourth aspect of the present invention by adjusting the
coating film specifically by making the thickness of the coating filmto
70 nm or | ower. The present invention will be described in nore
detail by reference to the follow ng exanpl es and conparative exanples,

but the present invention is not .construed as being linted to the
exanples. Exanple 1 A 150 nmlong, 150 nmw de, and 4 mmthick
soda-lime silica glass plate was washed and dried to prepare a

resulting heat ray-reflecting glass was examined in the same
manner as in Example 24. The results obtained are shown in
Table 7.
Comparative Example 10

Heat ray-reflecting giass was prepared in the same
manner as in Example 24, except that a coating solution
composed of 3.6 g of cobalt (III) acetylacetonate and 1.8 g
of chromium (I3T) -acetylacetonate dissolved in 500 cc of
toluene was used. The resulting heat ray-reflecting glass

was examined in the same manner as in Example 24. The

results obtained are shown in Table 7.
.

i
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substrate. The substrate was fixed with a hanger In an...electric oven set
at 650[err]C and nai nttained for 5 minutes. A coating §o| ution conposed of
5.13 g of cobalt (I111) - 15 -

acetyl acetonate and 1.18 g of dipropionyl net hanenickel (11) dissolved in
100 cc of toluene was sprayed onto the substrate
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t aken out of the electric oven by using a commercially available spraygun
at an air pressure of. 8.0 kg/cnferr], an air flow of%90 [err]/mn, and at
a rate of spray coatlng of 20 n{err]/n1n for about 10 seconds.

The visible light transmission, visible light reflectance, solar radiation
transm ssi on, and sol ar radiation refl ectance of the resulting heat
ray-reflecting glass was neasured in accordance with JIS R 3106-1985. The
cobalt content based on the total netal content in the coating filmwas
measured by radi of requency plasnma em ssion spectroscopy. The surface
resistivity and thickness of the coating filmwere neasured.. The results

obt ai ned are shown
It is understood from the results shown in Table 7

that in Examéles 24 to 26 using soda-lime glass as the
substrate, the chromaticness indexes a" and b" according to
the L*a’b” colorimetric system are in the foilowing ranges:
-7.0 < a* £ -3.0
-5.0 < b*< 4.0
The reflacted. light having a‘ color tone within qﬁe above
ranges is of green tone that are generally favorable in
appearance.

The heat ray-reflecting glass according to the
present invention is such that, can be produced by a method
based on fhermal decomposition of a coating solution, which
method is excellent in productivity. The present invention
affords an improvement on electromagnetic wave reflection,
durability of coating film, and color tone of reflected
light, which might be a serious problem in practical use for
the considerations on environmental conservation, while
retaining the characteristics of heat ray-reflecting glass
having a coating film containing cobalt oxide and nickel
oxide, i.e., the visible light transmission and solar
radiation transmission can be controlled below a certain

level.
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i Table 1 bel ow. Exanpl e 2 Heat ray-reflecti:ng gl ass was
prepared in the sane ‘fWdnner as in Exanple 1, except tkat the anmount of
cobalt (111) acetylacetonate was changed to 4.27 g, the anmount of

di propi onyl met haneni ckel (11) was changed to 1. 96 , the time for spraying

was changed to about 15 seconds, arfs 5¢cﬁr>b coating was Changed
! g gl ass was examned in

to 24 nerr]/mn. The resulting heat
the sane manner as in Exanple 1. i ned are shown in Table

CLAIMS

1. Heat ray-reflecting glass comprising a glass
substrate having on the surface thereof a coating film
comprising cobalt oxide and nickel oxide,

said coating film having a surface resistivity of not

less than 10% Q/s@uare and a thickness of not less fhan

10 nm,

the content of cobalt’'in said coating film based on
the total metal content pé: unit area being from 60 to 90% by
weight,

the content of nickel'in-said coaging film based on

the total metal content per unit area being from 10 to 40% by

weight.

2. Heat fay-reflecting glass as claimed in claim 1,
wherein the content of cobalt in 'said cbating film based on
the total metal content.per unit area is from 68 to 87% by
weight, and the content of nickel in said coating film based
on the total metal content per unit area is from 13 to 32% by
weight.

3. Heat ray-reflecting glass comprising a glass
substrate having on the surface thereof a coating film
comprising cobalt oxide and nickel oxide, |

sdid coating film further comprising a metal oxide
containing at least one metal selected from titanium,

vanadium, chromium, manganese, copper, and zirconium, and

- 40 -
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-716 - Exanple 3- Heat ray-reflecting glass was prepared

in

)

t he sane manner as i m:Exanple 1, except that the anmpuft _of cobalt (e
t he amount of '

acetyl acetonate was changed to 3.21 g,
di pr opi onyl met haneni ckel (11) was changed to 2.94 g, tHis HaSlB Replaced
sprayi ng was changed to about 20 seconds, and the rate of "

was changed to 28 nferr]/mn. The resultl ng heat ray- r
exam ned in the sane manner as in

having a surface resistivity of not less than 10* Q/square

and a thickness of not less than 10 nm,

the content of cobalt in said coating film based on

the total metal content per unit area being from 60 to 89% by

weight,

the content of nickel in said coating film based on

the total metal content per unit area being from 10 to 39% by

waight, 3

the content of at least one metal selected from
titanium, vanadium, chromium, manganese, copper, and
zirconium in said coating filﬁ based on the total.metal
content pér unit area being from 1 to 30% by weight.

4. Heat ray-reflecting glass as claimed in one of
claims 1 to 3,'wherein said coating film has a thickness of
not more than 130 nm. | |

5. Heat ray-reflecting glass comprising a glass
substrate having on the surface thereof a coating film
comprising éobalt oxide and nickel oxide,

said coating film further'comprising an iron oxide,
and having a surface resistivity of not less than
10* 9/square and a thickness of from 10 to 70 nm,

the content of iron in said coating film bésed on the
total metal content per unit area being from 1.0 to 4.5% by
weight.

6. Heat ray-reflecting glass as claimed in claim 5,

wherein the content of nickel in said coating film based on

- 41 -
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Exanple 1. The results obtained are shown in Table 1. . Conparative Exanple
1 For conpari s¢h, a coat|ng—illﬂlggﬂpg§ggegi_fetaII|c oxi des of-
chromum iron and cobalt was fornmed to produce ay-reflecting glass.
Heat ray-reflecting glass was eﬂHaﬂBtenagpgkéy%pner as in Exanple 1,
except that the amount of cobalt (I onate was changed to 6. 55

g, 1.90 g of iron (I11) acetyl aceto g of chromium (I171)

acetyl acetonate were used instead of dlpropl t haneni ckel (11), the
time for spraying was changed to about 30 seconds, and the rate of spray

coating was changed to 35 nferr]/mn. The resulting heat ray-reflecting
the total metal content per unit area is from 5 to 40% by

weight.

7. Heat ray-reflecting glass as claimed in one of
claims 1 to 6, wherein a reflecting color tone viewed from
the side of said heat ray-reflecting glass opposite to said
coating film is green series color.

8. Heat ray-reflecting glass as claimed in one of
claims 1 to 7, whereihwsaid coating film consistiﬁg
essentially of oxides having séinel structures.

9. Heat ray-reflecting glass as claimed in one of
claims 1 to 8, wherein a transmitted visib;e light exhibits a

. ’
transmitted color tone falling within the following ranges:

|

">
L
IA
V]

A
1]
wn

12.5

w
o
IA
o,
1A

wherein a* and b* represent chromaticness indexes.

10. Heat ray-reflecting glass as claimed in one of
claims 1 to 9, wherein a reflected visible light viewed from
the side of said heat ray-reflecting glass opposite to said
coating film exhibits a reflected color tone falling within

the following ranges:

- 42 -
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gl ass was exam ned in t-he sanme manner as in Exanple 1..The 'results

obt ai ned are shown in“able 1. - 17 - [er‘r]

-

-3.0

1
~
o
A
[+
A

4.0

I
W
o
A
o
*
A

wherein a* and b" represent chromaticness indexes.

11. Heat ray-reflecting glass comprising a glass

substrate having on the surface thereof a coating film .-

comprising cobalt oxide and‘nickel oxide,

said coating film consisting essentially of oxides
having spinel structures comprising cobalt oxide and nickel
oxide, and having a surface rqsistivity of, not less than
10* Q/square and a thickness of from 10 to 70 nm,

a reflecting color tone viewed from the side of said

heat ray-reflecting glass opposite to said coating film being

green series color.
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- 18 - It is understood fromthe results of Table 1 that heat
ray-reflecting glass d&f'Exanpl es :1-t0"3 has a surface *iesistivity.of
10[err] [err]/square or nore and a visible light transm ssion of 50% or
tess, and the solar radiation transm ssion does not exceed the value 2.5%
hi gher than the visible light transmssion. In the heat ray-reflecting

gl ass of Conparative Exanple 1, the vi SABSITRAQTj ght transnission is
suppressed to 50% or |ess, but the solar radiation

HEAT RAY-REFLECTING GLASS

A heat ray-reflecting glass is disclosed, which
comprises a glass substrate having on the surface thereof a
coating film comprising cobalt oxide and nickel oxide. The
coating film has the following characteristics:

(1) 1In.a first aspect of the present invention, the
coating film hawu. a surface resistivity of not less than
10* Q/square and a thickness of'not less than 10 nm, the
content of cobalt in the coating film based on the total
metal content per unit area is from 60 to éO% by weight, and
the content of nickel in the c;ating film ﬁased on the total
metal content per unit area is from 10 to 40% by weight.

(2) In a second aspect of the present invention, the
coating film further comprises a metal oxide containing at
least one metal selected from titanium, vanadium, chromium,
manganese, coéper, and zirconium, and has a surface
resistivity of not less than 10° Q/square and a thickness of
not less than 10 nm, the content of cobalt in the coating
film based on the total metal content per unit area is from
60 to 89% by weight, the content of nickel in the coating
film based on the total metal content per unit area is from
from 10 to 39% by weight, and the content of at least one
metal selected from titanium, vanadium, chromium, manganese,

copper, and zirconium in the coating film based on the total

metal content per unit area is from 1 to 30% by weight.

- 44 -
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tYansmi ssion is al nost. 5% hi gher than the V|5|ble l'i ght. transm ssion.

Accordingly, the heat "'r"éy reflecting glass of Exanples’” ‘1 to 3 are
excellent in solar radiation shielding performance in conparison to that

of Conparative Exanple 1. The chromaticness i ndex a* and b* of the
transmtted light of the heat ray-reflecting glass obtained in Exanples 2
and 3 and Conparative Exanple 1 were neasured. The results- are shown in
Tabl e 2 bel ow. TABLE 2

a* b* Exanpl e 2 0. 28 8. 29
Exanpl e 3 -0.13 8.41 '

(3) In a third aspect of the present invention, the
coating film further comprises an iron oxide, and has a
surface resistivity of not less than 10° Q/square and a
thickness of not less than 10 nm, and the content of iron in
the coating film based on the total metal content per unit .
area is from:from 1.0 to 4.5% by weight.

(4) In a fourth aspect of the present i~vention, the
coating film has é surface resistivity of not less than
10* Q/square and a thickness of from 10 to 70 nm, and
consisting essentially of oxides having sPinel structures
comprising cobalt oxide and n%ckel oxide, and a reflecting

color tone viewed from the side of said heat ray-reflecting

glass opposite to said ccating film being green series color.
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Conparative -0. 72 13. 80 Exampl e 1

-+ 19 - & Exanpoles 4 to 8 and Conpar ative Exanple 2 and 3 Heat
ray-refl ecting glass was prepared in the sane manner as.in Exanple 1
except that the conposition of the coating solution was changed. The

visible |ight
|
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transm ssion, visible light reflectance, solar radiation transnissionnwand
sol ar radiation reflectance of the resulting heal.ray- refleptlng glass was

:measured in accordance with JIS R 3106-1985. Further fheic T 4C:8kl:

resi stance was examined in accordance with JIS R ®22
the tine for imersing the glass in chen cal masfé day
results obt ai ned are shomn in Table 3 and Fig. ﬂ-/

5
3

HEAT RAY-REFLECTING GLASS

This invention relates to heat ray-reflecting glass
for building;} automobiles and othér-vehicles.

Heat.ray-reflecting glass having low transmission of
visible light and solar radiation has recently been extending
its use as window panes for buildings and automobiles for the
purpose of reducing the heat of direct sunlight, reducing the
burden of air -conditioners, protecting privacy, and improving
appearance. Heat raylreflecting glass is produced.by forming
on a glass substrate ; metal film or a metal nitride film by
a physical means, such as sputtering, br forming a metal
oxide film by sﬁréying a film-forming solution contéining a
metal compound onto the surface of the glass substrate heated
above the thermal decomposition temperature of the metal
compound. The latter method is superior to the former from
the standpoint of production cost, durability of the coating
:fllm, and the like. However, the heat ray-reflecting glass
’obtalnéd by this method hardly reduces a visible light
transmission and a solar radiation transmission below a
certain level depending on the composition of the coating
£ilm. |

Under these circumstances, a coating filmxcontaining
metal oxides of cobalt and nickel is known as a coating film

capable of relatively reducing a visible light transmission,

This is the replacement sheet
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-'20 - [err] . - 21 - | t
s understood fromFig. 1 that the acid resistance

etc. as described in JP-B-63-32736. (The term "JP-B" used
herein means an examined Japanese pdtent publication.)
However, the coéting film used in electrically
conductive articles disclosed in JP-B-63-32736 has a small
surface resistivity and therefore high electromagnetic wave
reflectivity and, when used as a heat ray-reflecting pane in
buildings, causes a ghost on a TV image in neighboring

houses, which is a disadvantage in practical useiparticularly

in towns and cities.

In the light of these circumstahces, an object of the
present invention is to provide heat ray-reflecting glass the
coating film of thch has electromagnetic wave reflectivity
reduced to a level causing no problem in use, while retaining
a certaiﬁ range of optical characteristics possessed by a
coating film containing cobalt oxide and nickel Qxide, and
also exhibits excellent durability. |

The present.invention relates to heat fay—reflecting
glass comprising a glass substrate having on the surface

thereof a coating film comprising cobalt oxide and nickel

oxide.

The coating film has the following characteristics:
" (1) 1In a first aspect of the present invention,
the coating film has a surface resistivity of not

less than 10° Q/séuare and a thickness of not less than

10 nm,

This is the replacememnt sheet
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of the coating filmis particularly excellent in the region in that the
cobalt content is from®68 to 87% by wei ght. It is understood from
the results in Table 3 that the metallic oxide coating filmhaving a
cobalt content of 50% by wei ght has a visible light transm ssion of nore
t han 50% but the metallic oxide coatgﬂg filmhaving a cobalt content of
100% by wei ght has a solar radiation trahsni ssion of about 5% higher than
the visible light transm ssion, thus failing to attain a sufficient
transm ssion energy controlling per f or mance. In all Exanples 1
to 8, coating filns having uniform. appearance were obtai ned. -

VWhile in Exanples 1 to 8, colorless transparent soda-

the content of cobalt in the coating film based on
the total metal content per unit area is from 60 to 90% by
weight, and

the content of nickel in the coating film based on
the total metal content per unit area is from 10 to 40% by
weight. |

(2) In a second aspect of the present invention,

the coating film further comprises a metal oxide
containing at least one metal selected from titanium,

vanadium, chromium, manganese, copper, and zirconium, and has

a surface resistivity of not less than 10° Q/square and a
thickness of not less than 10 nm,.

the content of cobalt in the coating film based on
the total metal content per unit area is from 60 to 89% by
weight,

the content of nickel in the coating film based on
the total metal content per unit area is.from-from 10 to 39%
by weight, and

the content of at least one metal selected from
titanium, vanadium, chromium, manganese, copper, and
zirconium in the coating film based on the total metél
content per unit area is from 1 to 30% by weight.'

(3) In a third aspect of the present inyention,

the coating film further comprises an iroﬁ oxide, and
has a surface rés;stivity of not less than 10* Q/squaré and a
thickness of not less thaﬁ 10 nm,. and

This is the replacemem sheet
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lime glass was used as the glass substrate, the visible |ight

transm ssion, the solar radiation transm ssion, the transparent color tone
of the resulting heat ray-reflecting glass can be properly adjusted by
using colored soda-linme glass as the substrate. Conparative Exanple 4
Heat ray-reflecting glass was prepared igh the sane manner as in Exanple 1,
except that the anount of cobalt (I11) acetylacetonate was changed to 7.12
g, the anmount of dipropionyl net haneni ckel (11) was changed to 3.13 g, the
anount of toluene was changed to 200 cc, the tine for spraying was changed

to about 50 seconds, and the rate of

the content of irodn in the coating film based on the
total metal content per unit area is from from 1.0 to 4.5% by
weight.

(4) In a fourth aspect of the present invention,

the coating £ilm has a surface resistivity of not
less than 10° Q/square and a thickness of from 10 to 70 nm,
and consisting eésentially of oxides having spinel structures
comprising cobalt oxide and nickel oxide, and

a reflecting color tone viewed from the side of said
heat ray-reflecting glass opposite to said coating film being
green series color.

.Fig. 1 shows the relationship between the content of
cobalt to the total metal content per unit area of a coating
film and change of visible light transmission beforg and
after an acid resistance test.

Fig. 2 shows a schematic cross section of the heat
ray-reflecting glass according to ihe present invention, in
which the numeral 1 denotes a glass substrate, and 2 denotes
the coating £ilm.

The heat ray-reflecting glass according to the
present invention can be produced by a method comprising
applying a film-forming solution containing a cobalt
compound, a nickel compound, and other compounds‘fon
constituting the components of the coating film to a glass
substrate kept at a temperature not lower than the thefmal

decomposition temperature of these metallic compounds to form
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- 22 - spray coating was changed to 100 nferr]/mn. The resulting
heat ray-reflecting glass had a coating film having a thickness of 150
nm and the visible light transm ssion was .8.5% but the surface
resistivity was 1,100 [err]/square. Exanpl e 9 A 150 mm | ong,
150 mMmmwi de, and 4 nmthick soda-line . 5 _

a metal oxide film. More specifically, the method can be
effected by spraying the film-forming solution onto glass
maintained at a high temperature after melt forming on the
glass manufacturing line by the floét method.

The temperature of the glass substrate at which a
film-forming solution is applied is preferably from 350 to
goo0°cC.

Examples of the cobalt compounds include cobalt (I1)
or (III) acetylacetonate, cobalt acetate, cobalt chloride,
cobait borate, cobalt sulfate, cobalt benzoate, cobalt
bromide, cobalt nitrate, cobalt fluoride, cobalt iodide,
cobalt oxalate, cobalt phosphate; cobalt phosphite, and
cobalt stearate.

Examples of the nickel compounds include
dipropionylmethanenickel, dipropionylacetonenickel, nickel
acetylacetonate, nickel acetate, nickel bromide, nickel
chloride, nickel fluoride, nickel fluorosilicate, nickel
nitrate, nickel formate, nickel h&droxide, nickel iodide,
nickel stearate, nickel sulfamate, and nickel sulfate.

Among these nickel compounds preferred are
dipropionylmethanenickel and/or dipropionylacetonenickel
which can provide a coating film with a satisfactory
appearance and have satisfactory solubility in organic
solvents, such as alcohols, toluene, and xylene.u

Nickel acetylacetonate forms a coating film having

further improved appearance and can also preferably used in
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silica glass plate was washed and dried to prepare a substrate. The
substrate was fixed with a hanger in an el ectric oven set at 650[err]C
and nmaintained for 5 mnutes. A coating solution conposed of 5.13 g of
cobalt (I11) acetyl acetonate, 1.18 g of dipropionyl nethanenickel (I1),
and 0. 65 g of vanadi um acetyl acet onat.e gdi.ssol ved in 100 cc of t ol uene
was sprayed onto the substrate taken out of the el ectric oven by using a
comercially avail abl e spraygun at . an air pressure of 3.0 kg/cnferr], an
air flowof 90 [err]/m n, and at a rate of spray coating of 20 nferr]/nin
for about 20 seconds. . The visible light transm ssion of the
resulting heat ray-reflecting glass was neasured in accordance with JIS R

the present invention. Since nickel acetylacetonate has low

solubility in organic solvents, such as alcohols, toluene,
and xylene, it is preferably used.in the form of a suspension
in an organic solvent.

Examples of the titaniﬁﬁ compounds include titanium
tetrachloride, titanium tetraethoxide, titanyl
acetylacetonate, titanium (III) sﬁlfate, titanium (IV)
sulfate, titanium tetrabutoxide, titanium isopropoxide,
titanium methoxide, titanium
diisopropbxybisoctyieneglycoxide, titanium
di-n-propoxybisoctyleneglycoxide, |
diisopropoxymonooctyleneglycoxyacetylacetonatotitanium,
di-n-butoxymonooctyleneglycoxyacetylacetonatotiﬁanium,
titanium tetrabctyleneglycoxide, and
di-n-propoxybisacetylacetonatotitanium.

- Examples of the vanadium compounds include vanadium
acetylacetonate, vanadyl acetylacetonate, vanadium
trichléride, vanédyl diéhloride, van;dyl trichloride, vanadyl
nitrate, vanadyl oxalate, and vanadyi sulfate.

Examples of the chfomium compounds include chromium
acetylacetonate, chromium (III) acetate, chromium (II)
chloride, éhromium (IXII) chloride, chromium (III) formate,
chromium (III) fluoride, ammonium chromium sulfate, chromium
(III) hydroxide, chromium (III) nitrate, chromiuﬁ (III)

phosphate, potassium chromium sulfate, and chromium (III).

sulfate.
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3106-1985. The cobalt content based on the total netal content in the
coating fil mwas measured by radiofrequency plasnma en ssion spectroscopy.
The surface resistivity and thickness of the coating filmwere measur ed.
The results obtained are shown in Table 4 below. Exanple 10 Heat
ray-reflecting glass was prepared in thegsgnme nmanner as in Exanple 9,
except that 0.66.g of chrom um _ - 23 -

Examples of the manganese compounds include manganese
(I) acetylacetonate, manganese (II) acetylacetonate,
manganese acetate, ammonium manganese sulfate, manganese
borate, manganese bromide, manganese carbonate, manganese -
chloride, manganese fluoride, manganese fluorosilicate,
manganese formate, manganese iodide, manganese lactate,
manganese nitrate, manganese oxalate, manganese
dihydrogenphosphate, manganese hydrogenphosphate, manganese
sulfaté, and manganese tartrate.

Examples of the copper compounds include copper
acetylacetonate, cuprous bromide, cupric bromide, cuprous
chloride, cupric chloride, ammonium cupric chloride, cupric
citrate, cuprous cyanide, copper fluoroborate, cupric
fluoride, copper fluorosilicate, cupric formate, cupric
hydroxide, cuprous iodide, copper nitrate, copper oleate,
cupric oxalate, cupric phosphate, and copper sulfate.

Examples 6f the zirconium compounds include zirconium
acetylacetonate, zirconium hydroxide, zirconium nitrate,
zirconium nitrife, zirconium oxychloride, zirconium
oxyphosphate, zirconium sulfate, zirconium tetrachloride, and
zirconium acetate.

Examples of the iron compounds include iron
acetylacetonate, ferrous chloride, ferxic chloride, ferric
citrate, ammonium ferric oxalate, ammonium ferricﬁsulfate,
iron fluoroborate; ferric fluoride, iron"fluorosilicate;

ferrous lactate, ferric nitrate, ferrous oxalate, ferrous
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acetyl acetonate was used instead of vanadi um acetyl acetonat e, and

exam ned in the sane manner as in Exanple 9. The results obt ai ned are
shown in Table 4. Exampl e 11 Heat ray-reflecting glass was
prepared in the sane - manner as in Exanple 9, except that 0.66 g of
manganese acetyl acetonate was used instgead of vanadi um acetyl acetonate,
and exam ned in the sanme manner as in Exanple 9. The results obt ai ned

are shown in Table 4. Exanpl e 12

phosphate, ferric phosphate, ferrous sulfate, ferric sulfate,
and ferrous tartrate.

As a solvent for dissolving or dispefsing the above-
mentioned metallic compounds, organic solvents such as
aromatic.solvents, ester solvents, ketone solvents, alcochol
solvents, ether solvents can generally be used.

Examples of the glass .substrate generally includes a
colorless transparent soda-lime glass substrate but is not
limited thereto. For adjusting a visible light transmission
or a color tone of transmitted light, colored soda-lime glass
containing a slight amount of coloring agents may also be
used.

In order to reduce the reflectance, the coating film

may further contain silicon or aluminum. In order to adjust

the color tone, the coating film may further contain zinc,

tin, antimony, indium, etc. The content of these metals for

reducing the reflectance or adjusting the color tone is

preferably 3% By weight or less based on the total metal

content per unit area.

In the coating film according to the first aspect of
the present invention, the content of cobalt in the éoating
film based on the total metal content per unit area is
preferably from Gé to 87% by weight, and the content of
nickel in the coating film based on the total metal content
per unit area is preferably from 13 to 32% by weight, from

the viewpoint of the durability of the coating film.
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Heat ray-reflecting glass was prepared in the sane manner as in Exanple 9,
except that 0.66 g of copper acetylacetonate was used instead of vanadi um
acetyl acetonate, and exanm ned in the same nanner as in Exanple 9. The
results obtained are shown in Table 4. Exanple 13 Heat
ray-reflecting glass was prepared in the_sgnme manner as in Exanple 9,
except that 0.66 g of zirconium acetylace onate was used instead of

vanadi um acetyl acetonate, and exanm ned in the same nanner as in Exanple 9.
The results obtained are shown in Table 4. Conparative Exanple 5

Heat ray-reflecting glass was prepared in the sanme

The coating film according to the first and second
aspects of the present invention preferably has a thickness
df not more than 130 nm, because if the thickness is too
large, the surface resistivity may be less than 10‘ Q/square
depending on its composition. The thickness is-more
preferably not more than 100 nm from the viewpoint of the
productivity of the heat ray-reflecting glass, and is further
preferably not more than 45 nm from the viewpoint 'of the
transmittance of wvisible light#.

The thickness of the coating film according to all
the aspects of the present invention is still preferably from
20 to 45 nm, because the coating film having the thickness of

this range provides excellent appearance. The thickness is

still further preferably from 20 to 40 nm. By using heat
ray-reflecting glass having the coating film having such a
thickness for windows of buildings, discomfort due to
reflection of room illuminahts at night can be suppressed
because the reflecting color tone on the side of the coating
£ilm becomes monotone; and pollution due to reflected lights
at outer walls of buildings can also be suppressed because
the reflectance of the heat ray-reflecting giass at both the
side of the coating film and the side opposite to the coating
film can be reduced. ‘
In the coating film according to the third aspect of

the present invention, the content of nickel in the coating-

film based on the total metal content per unit area is
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manner as in Exanple 9, except that zirconium acetyl acetonate was not

used,

and examned in the sane nmanner as in Exanple 9. The results

obt ai ned are shown in Table 4. - 24 - [err]

- 10 -

preferably from 5 to 40% by weight from the viewpoint of

adjustment of visible light transmittance and improvement in

‘durability of the coating film.

The heat ray-reflecting glass according to the
present invention preferably exhibits a transmitted color
tone as specified according to JIS 28722-1982 falling within

the following ranges:

-4.5 £ a 4.5

*
A

3.0 £ b* £ 12.5
The abové-specified transmitted color still
preferably fails within the following rangeé in view of the
product value of the appearance of the heat ray-reflecting
glass: |
-0.5_< a* £ 0.5
5.0 £ b < 8.5
The reflected visible light viewed from the side of
the heat ray-reflecting glass opposite.to the coating £film
preferably exhibits a reflected color tone as specified
according to JIS %8722-1982 falling within the following

ranges:

a“ < -3.0

1
~3
(=]
IA

b* < 4.0

1
wn
o
A

a" and b" used herein are chromaticness indexes
according to the L*a'b" colorimetric system specified in JIS

Z8729-1980.
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It is understood fromthe results shown in Table 4
ray-reflecting glass of- Exanples 9 to 13 has a surface

resistivity of 10[err] k[err]/square or nore and a visible | i ght
transm ssion of 50% or |ower, and when a netallic oxide of vanadi um
chrom um nmanganese, or zirconiumis ad o the coating film the
surface resistivity greatly increases. anple 14 Cobalt (I1)

acetyl acetonate, nickel (I1)

- 25 -
t hat the heat

The heat ray-reflecting glass according to the first
aspect of the present invention has a surface resistivity of
10* @/square or higher so that the electromagnetic wave
reflection is inhibited to such an extent that gives rise to
substantially no problem in practical use. While the surface
resistivity increases according as the film thickness is
decreased, with the composition of éhe film being equal, the
lower limit of the coating film of the first aspect of the
present invention is set at 10 nm so as to retain the optical
performance properties essential to heat ray-reflecting
glass. Further, the visible light transmission and solar
radiation transmission of fhe heat ray-reflecting glass of
the first aspect of the present invention are controlled
within practically favorable ranges by limiting the contents
of cobalt oxide and nickel oxide. Thaﬁ is, in a coating film
containing cobalt oxide and nickel oxide, nickel cobaltite
having a spinel structure decreases the surface resistivity.
Therefore, while the resistivity of a coating film may be
increased by making the ratio of nickel to cobalt iargely
different from the stoichiometric ratio of nickel cobaltite
(Ni/Co = 1/2), if this means for increasing resistivity is
applied to the case in which the proportion of cobalt oxide
is less than 60%, there is a possibility that a visible light

transmission may exceed 50%. On the other hand, when the

means is applied to the case in which the proportion of

nickel oxide is less than 10%, the solar radiation
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acetyl acetonate, and titanium acetyl acetonate were nixed in a nolar ratio
of 78.4/19.6/2, and 15 g of the resulting m xture was added to 100 cc of

t ol uene contai ni ng pol yet hyl ene gl ycol and pol ydi net hyl si | oxane as
di spersants. The m xture was stirred for 10 seconds by using a paint

shaker (produced by Ei shin Co.) to obfgin a coating sol ution. A

300 mmlong, 300 nrmwi de, and 4 nmthick soda-linme glass plate was washed

and dried to prepare a substrate. The substrate was fixed with a hanger in
an electric oven set at 650[err]C and maintained for 5 mnutes. 15 g of

t he above coating solution was sprayed onto the substrate taken out of

the electric oven by using a coomercially available spraygun at an air

pressure of 4 kg/cnierr], an air flow of 140 [err]/mn, to
transmission of the glass could not be so reduced as the

visible light transmission. In both cases, the features of

the coating film are not manifested. In the first aspect of
the present invention, therefore, such a problem is avoided

by specifying the weight percentages of cobalt and nickel to
the total metal content per ﬁnit area of the coating film so
as to fall within the range of from 60 to 90% and the fange

of from 10 to 40%, respectively.

The heat ray-reflecting glass acco;ding to the second
aspect of the present invention exhibits the above—meﬁtioned
characteristic features of the first aspect of the present
invention, and further the durability is improved since the
coating film of the second aspect of the present invention
contains at least one metal selected from titanium, vanadium,
chromium, manganese, copper, and zixrconium. ‘

The heat ray-reflecting glass according to the third
aspect of the present invention also has a surface
resistivity of 10° Q/square or higher so that the
electromagnetic wave reflection is inhibited to such an
extent that éives rise to substantially no problem in
practical use. In the coating film of the third aspect'of
the present invention, the lower limitlof the thickness is
set at 10 nm so as fo retain the optical performance |
properties essential to heat ray-reflecting glass, and the
upper limit of the thickness is set at 70 nm so as to aftain

the surface resistivity of 10° Q/square or higher without
This 8 the raplacemsm sheet
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forma netallic oxide coating film having a thickness of 50 nm
The visible light transm ssion and solar radiation transm ssion of the
resulting heat ray-reflecting glass was neasured in accordance with JIS R

3106- 1985. The surface - 26-
resistivity of the coating filmwas nmegsyged. The results

using a relatively large amount of iron. Accordingly, the
content of iron in the coating film according to the third
aspect of the present invention can be reduced to 4.5% by
weight or lower so as to improve the durability, particularly
acid resistance, of the coating film.

The heat ray-reflecting glass accoxding to the fourth
aspect of the present invention also.-has a surface
resistivity of 10° Q/square or higher so that the
electromagnétic wave reflection is_inhibited to such an
extent that gives rise to substantially no problem in
practical use. In the heat ray-reflecting glass of the
fourth aspect of the present invention, the reflected color
tone viewed from the side opposite to the coating film is
green series color. Therefore, it can be utilized as the
heat ray-reflecting glass having green reflected color tone,
which has been demanded as those for windows of buildings
from the viewpoint of accordance in color tone of buildings
and surrounding scene. Conventional heat ray-reflecting

: glass having green reflected color tone includes glass having
three-layered filﬁ composed of titanium oxide and titanium
nitride, as described in JP-A-63-190742. (The term "JP-A"
used herein means an unexamined Japanese patent application.)
Since this conventional heat ray-reflecting glass is produced
by forming the coating f£ilm by physical vapor debosition, it
is inferior in productivity to_the heat ray-reflecting glass

of the fourth aspect of the present invention in which a
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obtai ned are shown in Table 5 bel ow. Exanples 15 to 19 Heat
ray-reflecting glass was obtained in the sane nmanner as in Exanple 14

except that titanium acetylacetonate was replaced by the sanme anmount of
vanadi um acet yl acetonate, chrom um acetyl acet onate, manganese
acetyl acetonate, copper acetylacetonatey, or zirconium acetyl acetonate
The resulting heat ray-reflecting glass was exam ned in the sane manner as
in Exanpl e 14. The results obtained are shown in Table 5. Conparative
Exanpl e 6 Heat ray-reflecting glass was obtained in the sanme
manner as in Exanple 14 except that titanium acetyl acetonate
coating film of high durability can be produced in a low
cost. An oxide film having the same spinel structures as in
the fourth aspect of the present invention but composed of
cobalt, chromium and iron can be produced by thermal
decomposition qf a film forming solution. However, the
coating film having such a composition cannot exhibit green
reflected color tone even if its thickness is adjusted. :In
this case, even though color tone near the green region can
be obtained, it is difficult to obtain unifoxrm color tone by
forming a uniform coating film on a wide area.

The heat ray-reflecting glass according to the first,
second and third aspects of the présent invention can
exhibits green reflected color tone as similar to the fourth
aspect of the present invention by adjusting the coating
film, specifically b& making the thickness of the coating.
film to 70 nm or lower.

The present invention will be described in more
detail by reference to the following examples and comparative
examples, but the present invention is not construed as being

limited to the examples.

Example 1

A 150 mm long, 150 mm wide, and 4 mm thick soda-lime
silica glass plate was washed and dried to prepare a
substrate. The substrate was fixed with a hangef in an
electric oven set at 650°C and maintained for 5 minutes. A

coating solution composed of 5.13 g of cobalt (III)
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was not used. The resulting heat ray-reflecting glass was exanined in the
sanme manner as in Exanple 14. The results obtained are shown in Table 5.

- 27 - [err]

- 15 -

acetylacetonate and 1.18 g of dipropionylmethanenickel (II)
dissolved in 100 cc of toluene was sprayed onto the substrate
taken out of the electric oven by using a commercially
available spraygun at an air pressure of 3.0 kg/cm?, an air
flow of 90 e/min; and at a rate of spray coating of 20 m¢/min
for about 10 seconds.

The visible light transmission, visible light
reflectance, solar radiation transmission, and solar
radiation reflectance of the resulting heat ray-reflecting
glass-was measured in accordance with JIS R 3106-1985. The
cobalt content based on the total metal content in the
coating film was measured by radiofrequency plasma emission
spectroscopy. The surface resistivity and thickness of the
coating film were measﬁred. The results obtained are shown

in Table 1 below.
Example 2

Heat ray—;eflecting glass was prepared in the same
manner as in Example 1, except that the amount of cobalt
(III) a;etylacetonate was changed to 4.27 g, the amount of
dipropionylmethanenickel (II) was changed to 1.96 g, the time

for spraying was changed to about 15 seconds, and the rate of

spray coating was changed to 24 m¢/min. The resulting heat

ray-reflecting glass was examined in the same manner as in

Example 1. The results obtained are shown in Table 1.
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- 28 - It is understood fromthe results shown in Table 5

t-hat the acid resistance of the heat ray-reflecting gl ass havi ng a
coating filmof oxides of cobalt and nickel can be i nproved by adding a
metallic oxide of titanium vanadi um chrom um nmanganese, copper, or

zirconiumto the coating film The effggt_of inproving the acid
resistance is considerable in cases of vanadium chrom um nmanganese,
copper, or zirconium It is further understood fromthe conpari son

bet ween Exanples 15 to 19 added with an oxi de of

Example 3

Heat ray-reflecting glass was prepared in the same
manner as in Example 1, except that the amount of cobalt
(III) acetylacetonate was changed to 3.21 g, the amount of
dipropionylmethanenickel (II) was changed to 2.94 g, the time
for spraying was changed to about 20 seconds, and the rate of
spray coating was changed to 28 m¢/min. The'resulting heat
ray~-reflecting glass was examined in the same manner as in

Example 1. The results obtained are shown in Table 1.

Comparative Example 1

For comparison, a coating film composed of metallic
oxides of chromium, iron and cobalt was formed to produce
heat ray-feflecting glass. Heat ray-reflecting glass was
‘prepared in the same manner as in Example 1, except that the
amount of cobalt (III) acetylacetonate was changed to 6.55 g,
1.30 g of iron (III) acetylacetonate and 5.00 g of chromium
(ITI) acetylacetoﬁate were used instead of
qipropionylmethanenickel (IX), the time for spraying was
changed to about 30 seconds, and the rate of spray coating
was changed to 35 m¢/min. The resulting heat ray-reflecting
glass was examined in the same manner as in Example l; - The

results obtained are shown in Table 1.
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titanium etc. and Conparative Exanple 6 using no additional metallic

oxi de that the heat ray-reflecting glass of Exanples 15 to 19 is inproved
in the durability of the coating film particularly the acid resistance,
with maintaining the wvisible light transm ssion and the solar radiation

transm ssion within the certain ranges.- 17 - In all Exanples 9 to 19,

coating filnms having uniform appearance were obtai ned. Wiile in
Exanples 9 to 19, colorless transparent soda-linme glass was used as the
gl ass substrate, the visible |light transm ssion, the solar radiation

transm ssion, the transparent color tone of the resulting heat
ray-reflecting
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glaés can be properly adjusted by using colored soda-lime glass as the

substrate. Exanple 20 A 150 mm |l ong, 150 mm w de, and 6 mmthick
soda-lime silica glass plate was washed and dried to prepare a
- 29 - substrate. The substrate was fixed with a hanger in an

' - 18 -

It is understood from the results of Table 1 that
heat ray-reflecting glass of Examples 1 to 3 has a surface
resistivity of 10° Q/square or more and a visible light
transmission of 50% or less, and the solar radiation
transmission does not exceed the value 2.5% higher than the
visible light transmission. In the heat ray-reflecting glass
of Comparative Example 1, the visible light transmission is
suppressed to 50% or less, but the solar radiation
transmission is almost 5% higher than the visible light
transmission. Accordingly, the heat ray-reflecting glass of
Examples 1 to 3 are excellent in solar radiation shielding
performance in comparison to that of Comparative Example 1.

The chromaticness index a* and b* of the transmitted
light of the heat ray-reflecting glass obtained in Examples 2
and 3 and Comparative Example 1 were measured. The results

are shown in Table 2 below.

TABLE 2
a* b*
Example 2 0.28 8.29
Example 3 -0.13 ' 8.41
Comparative -0.72 13.80

Example 1

This is the replacement sheet

Date: 2 Q ﬂCT m



el éctric oven set at 650[err]C and nmaintained for 5 mnutes. A coating
solution conposed of 5.3 g of cobalt (I11) acetyl acetonate, 1.2 g of

di pr opi onyl met haneni ckel (11), and 0.3 g of iron (I1l) acetylacetonate
di ssolved in 200 cc of tol uene was sprayed onto the substrate taken out

of the electric oven by using a commgrgially avail able spraygun at an
air pressure of 1.5 kg/cnR2, an air flow of 50 [err]/mn, and at a rate of
spray coating.of 100 nferr]/m n for about 5 seconds. The visible
light transm ssion of the resulting heat ray-reflecting glass was neasured
in accordance with JIS R 3106-1985. The iron content and the nickel

content based on _the total netal content in the coatiqg ;ilnlmas measur ed

by Examples 4 to 8 and Comparative Example 2_an

Heat ray-reflecting glass was prepared in the same
manner as in Example 1 except that the composition of the
coating solution was changed. The visible light
transmission, visible light reflectance, solar radiation
transmission, and solar radiation reflectance of the
resulting heat ray-reflecting glass was measured in
accordance with.JIS R 3106-1985. Further, the chemical
resistance was examined in accordance with JIS R 3221-1990,
provided that the time for immersing the glass in chemical
was 3 days.

N

The results obtained are shown in Table 3 and Fig. 1.
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radi of requency plasma em ssion spectroscopy. The crystalline structure of
the coating filmwas determned by X-ray diffraction spectroscopy. The
surface resistivity of the coating filmwas neasured by such a manner t hat
the heat ray-reflecting glass was cut into 5x4 cm silver paste was
applied on the | onger edge of 5 cmto a wdtth of 0.5 cmto forman
el ectrode, and the resistivity was neasured with a digital nmultinmeter. The
wear resistance was nmeasured by such a manner that a Taber truck wheel was
rotated for 200 reévolutions according to JIS R 3221-1990, and the
difference in the haze values before and after the treatnent was

nmeasured. The chem cal resistance was neasured by such a manner that the

heat ray-reflecting gl ass s imersed in a
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- 30 - 1 Nsulfuric acid or a 1 N aqueous solution of sodium
hydroxi de at 40[err]C for 24 hours, and the deterioration of the coati ng
filmwas evaluated to grade A, in which substantially no deterioration
was observed, and grade B, in which obvious deteriorati on was observed.

The results obtained are shown in Table46 bel ow.

It is understood from Fig. 1 that the acid resistance
of the coating film is particularly excellent in the region
in that the cobalt content is from 68 to 87% by weight.

It is understood from the results in Table 3 that the
metallic oxide coating film having a cobalt content of 50% by
weight has a visible light transmission of more than 50%, but
the metallic oxide coating film having a cobalt content of
100% by weight has a solar radiation transmission of about 5%
higher than the visible light transmission, thus failing to

attain a sufficient transmission energy controlling

performance.

In all Examples 1 to 8, coating films having uniform
appearance were obtained.

While in Examples 1 to 8, colorless transparent soda-~
lime glass was used as the glass substrate, the visible light

| transmission, the solar radiation transmission, the

transparent color tone-of the resulting heat ray-reflecting
glass can be properly adjusted by using colored soda-lime
glass as the substrate.

Comparative Example 4

Heat ray-reflecting glass was prepared in the sﬁme
manner as in Example 1, except that the amount of cobalt
(III) acetylacetonate was changed to 5.12 g, the amount of
dipropionylmethanenickel (II) was changed to 3.13 g, the
amount of toluene was changed to 200 cc, the time for

spraying was changed to about 50 seconds, and the rate of
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Exanpl e 21 Heat ray-reflecting glass was prepared in the sanme
manner as in Exanple 20, except that the thickness of the soda-1i ne
silica glass as the substrate was changed to 12 mm The resulting heat
ray-reflecting glass was exam ned in the sanme manner as in Exanple 20.

The results obtained are shown i n Tabl £3 6. Exanpl e 22 Heat
ray-reflecting glass was prepared in the same manner as in Exanple 20,
except that- the amount cobalt (111) acetylacetonate was changed to 8.2 g,
t he amount of di propi onyl net haneni ckel (I11) was changed to 1.2 g, and the

spray coating was changed to 100 m¢/min. The resulting heat

ray—feflecting glass had a cecating film having a thickness of
150 nm, and the visible light transmission was 8.5%, but the

surface resistivity was 1,100 Q/square.

Example 3

A 150 mm long, 150 mm wide, and 4 mm thick soda-lime
silica glass plate was washed .and dried to prepare a
substrate. The substrate was’ fixed with a hanger in an
electric oven set at 650°C and maintained for 5 minutes. A
coating solution composed of 5.13 g of cobalt (III)
acetylacetonate, 1.18 g of dipropionylmethanenickel (II), and
0.65 g of vanadium acetylaéetonate dissolved in 100 cc of
toluene was sprayed onto the substrate taken out of the
electric oven by using a Commertially available spraygun at
an air pressure of 3.0 kg/cm?, an air flow of 90 ¢/min, and
at a rate of spray coating of 20 m¢{/min for about 20 seconds.

The visible light transmiésion of the resulting heat
ray-reflecting glass was measured in accordance with JIS R
3106-1985. The cobalt content based on the tofal metal

content in the coating film was measured by radiofrequency

plasma emission spectroscopy. The surface resistivity and

thickness of the coating film were measured. The results

obtained are shown in Table 4 below.

Example 10

Heat ray-reflecting glass was prepared in the same

manner as in Example 9, except that 0.66 g of chromium
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anount of iron (111) acetylacetonate was changed to 0.4 g.. The resulting
heat ray-reflecting glass was exanmned in the sanme manner as in Exanple
20. The results obtained are shown in Table 6. Exanple 23 Heat
ray-reflecting glass was prepared in the sane manner as in Exanple 20,

except that the amount cobalt (111) aceaylacetonate was changed to 4.5 g,
t he anount of - 31 -

acetylacetonate was used instead of vanadium acetylacetonate,
and examined in the same manner as in Example 9. The results
obtained are shown in Table 4.

Example 11

Heat ray-reflecting glass was prepared in the same
manner as in Example 9, except that 0.66 g of manganese
acetylacetonate was used instggd of vanadium acetylacetonate,
and examined in the same maﬂné; as in Example 9. The results
obtained are shown in Table 4.

Example 12

Heat ray—refiecting glass was prepared in the séme
manner as in Example 9, except that 0.66 g of copper
acetylacetonate was used instead of vanadium acetylacetonate,
and examined in the same manner as in Example 9. The results
obtained are shown in Table 4.
Example 13
Heat ray-reflecting glass was prepared in the same
' manner as in Example 9, except that 0.66 g of zirconium
acetylacetonate was usea instead of vanadium acetylacetonate,
and examined in the same manner as in Example 9. The results

obtained are shown in Table 4.

Comparative Example 5

Heat ray-reflecting glass was prepared in the same
manner as in Example 9, except that zirconium acetylacetonate
was not used, and examined in the same manner as in Example

9. The results obtained are shown in Table 4.
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di propi onyl met haneni ckel (11) was changed to 1.2 g, and the anmpunt of

tron (111) acetylacetonate was changed to 0.3 g. The resul ting heat
ray-reflecting glass was examned in the same nmanner as in Exanple 20.
The results obtai ned are shown in Tabl e 6. Conpar ati ve Exanple 7

Heat ray-reflecting glass was prepared 4§ Lhe same nmanner as in Exanple
20, except that the amount cobalt (lI11) acetylacetonate was changed to 5.3
g, the anount of dipropionyl net hanenickel (11) was -changed to 1.2 g, and
the anount of iron (111) acetyl acetonate was changed to 0.7 g. '
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The resulting heat ray-reflecting glass was examned in the sanme manner as
in Exanpl e 20. The results obtained are showmn in Table 6. Conparative
Exanpl e 8 Heat ray-reflecting glass was prepared in the sane
manner as in Exanple 20, except that the anpunt cobalt (I11)

acetyl acetonate was changed to 5.3 g, thesnount of

di propi onyl net haneni ckel (I1) was changed to 1.2 g, the amount of iron
(I'11) acetylacetonate was changed to 0.7 g, and the time for spraying was
changed to twice that in Exanple 20. The resulting heat ray-reflecting

gl ass was examned in the sane manner as in Exanple 20. The results

It is understood from the results shown in Table 4
that the heat ray-reflecting glass of Examples 9 to 13 has a
surface resistivity of 10° kQ/square or more and a visible
light transmission of 50% or lower, and when a metallic oxide
of wvanadium, chromium; manganese, or zirconium is added to
the coatinghfilm, the surxface resistivity greatly increases.
Exemple 14
Cobalt (II) acetylacetonate, nickel (II)
acetylacetonate, and titanium écetylacetonate were mixed in a
molar ratio of 78.4/19.6/2, and 15 g of the resulting mixture
was added to 100 cc of toluene containing polyethylene glycol
and polydimethylsiloxane as dispersanté. The mixture was
stirred for 10 seconds by using a paint shaker (produced by
Eishin Co.) to obtain a coating solution.
A 300 mm long, 300 mm wide, and 4 mm thick soda-lime
glass plate was washed and dried to prepare a substrate. The
.sub;trate was fixed with a hanger in an electric oven set at
650°C and maintained for 5 minhutes. 15 g of the above
coating solution was sprayed onto the substrate taken out of
the electric oven by using a.commercially available spraygun
at an air pressure of 4 kg/cm?, an air flow of 140 ¢/min, to
form a metallic oxide coating film having a thickness of 50
nm.
The visible light transmission and solar radiation
‘transmission of the resulting heat ray-reflecting glass was

measured in accordance with JIS R 3106-198B5. The surxface
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obt ai ned are shown in Table 6. - 32 -
Conparative Exanple 9 Heat ray-reflecting glass was prepared in

the sane nanner as in Exanple 20, except that the anpunt cobalt (I11)
acetyl acetonate was changed to 3.3 g, the anount of
' . - 26 -

resistivity of the coating film was measured. The results
obtained are shown in Table 5 below.

Examples 15 to 19

Heat ray-reflecting glass was obtained in the same
manner as in Example 14 except that titanium acetylacetonate
was replaced by the same amount of vanadium acetylacetonate,
chromium acetylacetonate, manganese acetylacetonate, copper
acetylacetonate; or zirconium -acetylacetonate. The resulting
heat ray-reflecting glass was examined in the same ménner as

in Example 14. The results obtained are shown in Table 5.

Comparative Example 6

Heat ray-reflecting glass was obtaiﬁed in the same
manner as in Example 14 except that titanium acetylacetonate
was not used. The resulting heat ray-reflecting glass was
examined in the same manner as in Example 14. The results

obtained are shown in Table 5.
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in Table 6
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The resul ting heat
same nmanner as in Exanple 20. The

in Tabl e 6.
i s understood fzpbmthe resul ts shown

(I'l') was changed to 2.9 g,

(I11) acetyl acetonate was changed to 0.1 g.
ray-reflecting glass was examned in the

results obtained are shown
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that the iron content in the coating filmis preferably 1.0% by wei ght or
nmbre for suppressing the el ectroconductivity -of the coating film but if
the iron content is too |large, the durability, particularly the acid

resi stance, of the coating filmis deteriorated, and therefore the iron
content is preferably 4.5% by wei ght-oegless. If the nickel content is
too large, the crystalline structure of the netallic oxide in the coating
fil mdoes not beconme spinel structure, resulting i n probl ens such as high
visible light transm ssion. Therefore, the nickel content is preferably
from5 to 40% by weight, also in view of the durability of the coating

film Exanl e 24 It is understood from the results shown in Table 5
that the acid resistance of the heat ray-reflecting glass
having a coating film of oxides of cobalt and nickel can be
improved by adding a metallic oxide of titanium, vanadium,
chromium, manganese, copper, or zirconium to the coating
film. The effect of improving the acid resistance is
considerable in cases of vanadium, chromium, manganese,
copper, ¢r zirconium. It is:further understood from the
comparison between Examples 15 to 19 added with an oxide of
titanium, etc. and Comparatiﬁe Example 6 using no additional
metallic oxide that the heat ray-reflecting glass of Examples
15 to 19 is improved in the durability of the coating film,
particularly the acid resistance, with maintaining the
visible light transmission and the solar radiation
transmission within the certain ranges.

In all Examples 9 to 19, coating films having uniform
appearance were obtained.

While in Examples 9 to 19, colorless transpareni
soda-lime glass was used as the glass substrate, the visible
light transmission, the solar radiation transmission, the
transparent color tone of the resulting heat ray-reflecting
glass can be properly adjusted by using colored soda-lime
glass as the substrate.

Example 20

A 150 mm long, 150 mm wide, and 6 mm thick soda-lime

silica glass plate was washed and dried to prepare a
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A 150 mmlong, 150 nmw de, and 6 mmthick soda-line silica glass plate
was washed and dried to prepare a substrate. The substrate was fixed with
a hanger in an electric oven set at 650[err]C and nmai ntained for 5

m nutes. A coating solution conposed of 8.2 g of cobalt (I11)
acetylacetonate and 1.2 g of dipropiony et haneni ckel (11) dissolved in
200 cc of toluene was sprayed onto the substrate taken out of the electric
oven by using a commercially available spraygun at an air pressure of 1.5
kg/cnferr], an air flow of 50 [err]/mn, and at a rate of spray coating of
120 nerr]/mn for about 5 seconds. The visible light transm ssion

of the resultjng heat T ay.rellesting lAss B8 JRASY SikdgbAgRopdance vith
electric oven set at 650°C and maintained for S minutes. A
coating solution composed of 5.3 g of cobalt (III)
acetylacetonate, 1.2 g of dipropionylmethanenickel (II), and
0.3 g of iron (III) acetylacetonate dissolved in 200 cc of
toluene was sprayed.onto the substrate taken out of the
electric oven by using a commercially available spraygun at
an air pressure of 1.5 kg/cm?, an air flow of S50 ¢/min, and
at a raté of spray coating.of 100 m¢ /min for about 5 seconds.
The visible light transmission of the resulting heat
ray-reflecting glass was measured in accordance with JIS R
3106-1985. The iron cocntent and the nickel content baseq on
the total metal content in the coating film was measured by
radiofrequency plasma emission spectroscopy. The crystalline
structure of the coating film was determined by X-ray
diffraction spectroscopy. The surface resistivity of the
coating film was measured by such a manner that the heat
ray-reflecting glass was cut into S5x4 cm, silver paste was
applied on the longer edge of S cm to a width of 0.5 cm to
form an electrode, and the resistivity was measured with a
digital multimeter. The wéar resistance was measured by such
a manner that a Taber truck wheel was rotated for 200
revolutions according to JIS R 3221-1990, and the difference
in the haze values before and after the treatment was
measured. The chemical resistance was measured by such a

manner that the heat ray-reflecting glass was immersed in a
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g 34’ - [err]

1 N sulfuric acid or a 1 N aqueous solution of sodium
hydroxide at 40°C for 24 hours, and the deterioration of the
coating film was evaluated to grade A, in which substantially

no deterioration was observed, and grade B, in which obvious

deterioration was observed. The results obtained are shown

in Table 6 below.

Example 21

Heat rayfreflecting'glass was prepared in the same
manner as in Example 20, except that the thickness of the
soda-lime silica glass as the substrate was changed to 12 mm.
The resulting heat ray-reflecting glass was examined in the
same mannexr as in Example 20. The results obtained are shown

in Table 6.

Example 22

Heat ray-reflecting glass was prepared in the same
ﬁanner as in Example 20, except that the amount cobalt (III)
acetylacetonate was changed to 8.2 g, the amount of" .
dipropionylmethanenickel (II1) was changed to 1.2 g, and the
amount of iron (III) acetylacetonate was changed to 0.4 g.

The resulting heat ray-reflecting glass was examined in the
same manner as in Example 20. The results obtained are shown
in Table 6.

Example 23
Heat ray-reflecting glass was prepared in the same

manner as in Example 20, except that the amount cobalt (III)

acetylacetonate was changed to 4.5 g, the amount of
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3106- 1985. The chromati cness i ndexes a and b* according to the L*a b*
colorimetric systemspecified in JIS Z 8729-1980 wer e nmeasured accordi ng
to JIS R 3106-1985. The crystalline structure of the coating fil mwas
determ ned by X-ray diffraction spectroscopy. The surface resistivity of
the coating filmwas neasured by suchza manner that the heat
ray-reflecting glass was cut into 5x4 cm silver paste was applied on the
| onger edge of 5 cmto a width of 0.5 cmto forman electrode, and the
resistivity was neasured with a digital nultineter. The wear resistance
was neasured by such a manner that a Taber truck wheel was rotated for

200 dipropionylmethanenickel (II) was changed to 1.2 g, and the
amount of iron (III) acetylacetonate was changed to (0.3 g.

The resulting heat ray-reflecting glass was examined in the

same manner as in Example 20. The results obtained are shown

in Table 6.

Comparative Example 7

Heat ray-reflecting glass was prepared in the same
manner as in Example 20, exceﬁ%‘that the amount cobalt (III)
acetylacetonate was changed to 5.3 g, the amount of
dipropionylmethanenickel (II) was changed to 1.2 g, and the
amount of iron (III) acetylacetonate was changed to 0.7 g.
The resulting heat ray-reflecting glass was examined in the
same manner as in Example 20. The results obtained are shown

in Table 6.

Comparative Example 8 -

Heat ray-reflecting glass was prepared in the same
manner as in Example 20, except that the amount cobalt (III)
acetylacetonate was changed td 5.3 g, the amount of
dipropionylmethanenickel (II) was changed to 1.2 g, the
amount of iron (IIX) acetylacetonate was changed to 0.7 g,
and the time for spraying was changed to twice that in
Example 20. The resulting heat ray-reflecting glass was
examined in the same manner as in Example 20. The results

obtained are shown in Table §.
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revol utions according to JIS R 3221-1990, and the difference in the haze
val ues before and after the treatnent was measur ed. ‘The chem cal

resi stance was neasured by such a manner that the heat ray-reflecting

gl ass was immersed in an acid solution or an al kaline solution specified
inJIS R 3221 for 24 hours, and the .dgter.i oration of the coating filmwas
evaluated to grade A, in which substantially no deterioration was
observed, and grade B, in which obvious deterioration was observed. The
results obtained are shown in Table 7 bel ow. Exanpl e 25 Heat
ray-reflecting glass was prepared in the sanme manner as in Exanple 24,
except that a coating solution conposed of 8.2 g of cobalt (Il1)

acetylacetoneggbagéé%ég(gkample 9

Heat ray-reflecting glass was prepared in the same

manner as in Example 20, except that the amount cobalt (III)
acetylacetonate was changed to 3.3 g, the amount of -
dipropionylmethanenickel (II) was changed to 2.9 g, and the
amount of iron (III) acetylacetonate was changed to 0.1 g.
The resulting heat ray-reflec__tj'.ng glass was examined in the

same manner as in Example 20. The results obtained are shown

in Table 6.
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di propi onyl met haneni ckel (11), and 0.7 g of iron (I11) acetylacetonate
di ssolved in 200 cc of toluene was used. The

- 36 - resulting heat ray-reflecting glass was exam ned in the sane
manner as in Exanple 24. The results obtained are shown in Tabl e 7.
Exanpl e 26 - 33 -

It is understood from the results shown in Table 6
that the iron content in the coating film is preferably 1.0%
by weight or more for suppressing the electroconductivity of
the coating film, but if the iron content is too large, the
durability, particularly the acid resistance, of the coating
film is deteriorated, and thersfore the iron content is
preferably 4.5% by weight or less. If the nickel content is
too large, the crystalline stfﬁciure of the metallic oxide in
the coating film does not become spinel structure, resulting
in problems such as high vi#ible light transmission.
Therefore, the nickel content is preferably from 5 to 40% by
waight, also in view of the durability of the cocating film.
Example 24

A 150 mm long, 150 mm wide, and 6 mm thick soda-lime
silica glass plate was washed and dried to prepare a
substrate. The substrate was fixed with a hanger in an
electric oven set at 650 C and malntalned for 5 minutes. A
coating solution composed of 8. 2 g of cobalt (III)
acetylacetonate and 1.2 g of dipropionylmethanenickel (II)
dissolved in 200 cc of toluene was sprayed onto the substrate
taken out of the electric oven by using a commercially
available spraygun at an air pressure of 1.5 kg/cm?, an air
flow of 50 ¢/min, and at a rate of spray coating of

120 m¢ /min for about 5 seconds.

The visible light transmission of the resulting heat

ray-reflecting glass was measured in accordance with JIS R
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Heat ray-reflecting glass was prepared in the sane
havi ng a thickness of 12 mm was

and a coating solution conposed of 8.2 g of

24, except that soda-line silica glass

used as the glass substrate,
cobalt (Ill) - acetyl acetonate,

0.7 g of iron (I11) acetyl acetonate dissbived in 200 cc of
heat ray-reflecting gl ass

used. The resulting

manner as in Exanple 24. Th

Exanpl e 27

manner as in Exanple 24, J

TABLE 6

Heat _r

Chemi

Visible
light
transmission

oo

Ee)
]
Bl
«
@
-

Acid

Wear
resistance

Nickel
content

Iron
content

Surface
‘resistivity

film structure

Thickness of Crystalline

coatin

(x)

(%)

(kQ/square) (2)

(%)

(nm)

manner as in Exanple

1.2 g of dipropionyl nethanenickel (I11), and

0

21.7

4.2

spinel 35.7 1.4

25

Example 20

0.9

20.7

1.9

30 spinel 33.6 2

Example 21

0.7

spinel 32.1 3.2 3.8 3

22 .

Example 22

1.1

36.8

1.2

.8

33 spinel J45.8 10

Example 23

0

21.4

6.7

27 spinel 34.9 3

Comparative

Example 7

t ol uene was

was exam ned in the same
results obtained are shown in Table 7.

r ef Ikect¥ ng<gl &ss <was {fr epafed in the sane
pt that soda-lime silica glass

0.9

19.5

2.2

25.3 0

spinel

Comparative

Example 8

46.8

.1

11.8

spinel

20

Comparative
Example 9
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having a thickness of 6 mm the transm ssion color tone of which was bl ue,
was used as the glass substrate. The resulting heat ray-reflecting glass
was exam ned in the sane nanner as in Exanple 24. The results obtained are
shown in Table 7. Exanple 28 Heat ray-reflecting glass was

prepared in the sane nmanner as in Exanpis 24, except that soda-linme silica
glass having a thickness of 5 mm the transm ssion color tone of which

was green, was used as the glass substrate. The

3106-1985. The chrom&ticness indexes a" and b" according to
the L*a’b" colorimetric system specified in JIS 2 8729-1980
were measured according to JIS R 3106-1985. The crystalline
structure of the céating film was determined by X-ray
diffraction spectroscopy. The surface resistivity of the
coating film was measured by such a manner that the heat
ray-reflecting glass wias cﬁt into 5x4 cm, silver paste was
applied on the longer «dge éfﬂé cm to a width of 0.5 cm to
form an electrode, and the resistivity was measured with a
digital multimeter. The wear resistance was measured by such
a manner that a Taber truck wheel was rotated for 200
revolutions according to JIS R 3221-1990, and the difference
in the haze values before and after the treatment was
measured. The chemical resistance was measured by.such a
. manner that the heat fay—reflecting glass was immersed in an
acid solution or an alkaline:solution specified in JIS R 3221
for 24 hours, and the deterioration of ﬁhe coating film was
evaluated to grade A, in which substantially no deterioration
was observed, and grade B, in which obvious deterioration was
observed. The results obtained are shown in Table 7 below.
Example 25
Heat ray-reflecting glass was prepared in the same

manner as in Example 24, except that a coating solution
composed of 8.2 g of cobalt (III) acetylacetonate, 1.2 g of
dipropionylmethanenickel (Ii), and 0.7 g of iron (III) .

acetylacetonate dissolved in 200 cc of toluene was used. The
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- 37 - resulting heat ray-reflecting glass was exam ned in the sane
manner as in Exanple 24. The results obtained are shown in Table 7.
Conpar ati ve Exanple 10 Heat ray-reflecting glass was prepared in
the sane nmanner as in Exanple 24, except that a coating solution conposed
of 3.6 g of cobalt (I1l11) acetylacetonates3gnd 1.8 g of chromum (I11l)

acetyl acetonate dissolved in 200 cc of

resulting heat ray-reflecting glass was examined in the same

manner as in Example 24. The results obtained are shown in

Table 7.

Example 26

Heat ray-reflecting glass was prepared in the same
mannér as in Example 24, except that soda-lime silica glass
having a thickness of 12 mm was used as the glass substrate,
and a coating solution composed of 8.2 g ¢f cobalt (III)
acetylacetonate, 1.2 g of dipropionylmethanenickel (II), and
0.7 g of iron (III) acetylacetonate dissolved in 200 cc of

- toluene was used. .The ;eéulting heat ray-reflecting glass
was examined in the same manner as in Example 24. The

results obtained are shown in Table 7.

Example 27

Heat ray—rgflecting glass was prepared in the same
manner as in Example 24, except that soda~lime silicé glass
having a thickness of 6 mm, the transmission coloxr tone of
wﬁich was blue, was used as ﬁhe glass substrate. The

resulting heat ray-reflecting glass was examined in the same

manner as in Example 24. The results obtained are shown in

Table 7.

Example 28

Heét ray-reflecting glass was prepared in the same
manner as in Example 24, except that soda-lime silica glass
having a thickness of 5 mm, the transmission col;r tone of

which was green, was used as the glaSs substrate. The
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t ol uene was used. The resulting heat ray-reflecting glass was exam ned in
t he sane manner as in Exanple 24. The results obtained are shown in Table

7. - 38 - [err]
- 37 -

resulting heat ray-reflecting glass was examined in the same

manner as in Example 24. The results obtained are shown in

Table 7.

Comparative Example 10

Heat ray-reflecting glass was prepared in the same
manner as in Example 24, except that a coating solution
composed of 3.f g of cobalt (III) acetylacetonate and 1.8 g
of chromium (I&T) -acetylacetonate dissolved in 200 cc of
toluene was used. The resulting heat ray-reflecting glass
was examined in the same manner as in Example 24. The

results obtained are shown in Table 7.
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- 39 - It is understood fromthe results shown in Table 7
that in Exanples 24 to 26 using soda-linme glass as the substrate, the
chromati cness i ndexes a* and b* according to the L*a*b* colorinetric

systemare in the follow ng ranges: -7.0 [err] a* [err]
-3.0 -5.0 [err] b* [-emmg 4.0 The reflected light having a

color tone within the above ranges is of green tone that are generally

favorabl e in appearance. -t
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The heat ray-reflecting glass according to the present invention is such
that can be produced by a nethod based on thernal deconposition of a
coating solution, which nethod is excellent in productivity. The present
invention affords an inprovenment on el ectromagnetic wave reflection,
durability of coating film and col or.tgpe.of reflected 1ight, which m ght
be a serious problemin practical use for the considerations on

envi ronnmental conservation, while retaining the characteristics. of heat
ray-reflecting glass having a coating filmcontaining cobalt oxide and
nickel oxide, i.e., the visible light transm ssion and solar radiation

transnission can be]ﬁpqgrthggsggggmfﬂbﬁeEEQjfEsults shown in Table 7
that in Examples 24 to 26 using soda-lime glass as the
substrate, the chromaticness indexes a” and b" according to

the L’a"d” colorimetric system are in the following ranges:

L4

A

-7.0 £ a -3.0

-5.0 £ b*s 4.0
The refiécted-light having a color tone within_the above
ranges is of green tone that are generally favorable in
appearance.

The heat ray-reflecting glass according to the
present invention is such that can be produced by a method
based on thermal decomposition of a coating solutioﬁ, which
method is excellent in productivity. The present invention
affords an improvement on electromagnetic wave reflection,
durability of coating film, and color tone of refiected
light, which might be a serious problem in practical use for
the considerations on environmental conservation, while
retaining the characteristics of heat ray-reflecting glass
having a coating film containing cobalt oxide and nickel
oxide, i.e., the visible light transmission and solar '

radiation transmission can be controlled below a certain

level.
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| evel . - 40 - CLAI M5

I Heat ray-reflecting glass conprising a glass substrate having on the
surface thereof a coating film conprising cobalt oxide and nickel oxide,

said coating filmhaving a surface resistivity of not
~ 40 -

CLAIMS

1. Heat ray-reflecting glass comprising a glass
substrate having on the surface thereof a coating film
comprising cobalt oxide and nickel oxide,

said coating film having a surface resisti?ity of not
less than 10° Q/SQuare and a thickness of not less than

- 10 nm,

the content of cobalt*in said coating film based on

the total metal content per unit area being from 60 to 90% by

‘weight,

the content of nickel in said coating film based on

the total metal content per unit area being from 10 to 40% by

weight.

2. Heat ray-reflecting glass as claimed in claim 1,
wherein the content .of cobalt in said coating f£ilm based on
the total metal content per unit area is'from 68 to 87% by
weight, and the content of nickel in said coating film based

on the total metal content pef unit area is from 13 to 32% by

weight.

3. Heat ray-reflecting glass comprising a glass
substrate having on the surface thereof a coating film

comprising cobalt oxide and nickel oxide,

said coating film further comprising a metal oxide
containing at least one metal selected from titanium,

vanadium, chromium, manganese, copper, and zirconium, and

L S ———
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| ess than 10[err] [err]/square and a thickness of not |ess than 10 nm
t'he content of cobalt in said coating filmbased on the total netal

content per unit area being from60 to 90% by wei ght , t he
content of nickel in said coating film based on the total netal content
per unit area being from10 to 40% by - V& ght . 2. Heat

wherein the content of cobalt

ray-reflecting glass as clained in claiml,
in said coating filmbased on the total nmetal content per unit area is

from68 to 87% by weight, and the content of nickel in said coating film
based on the total netal content per unit area is from13 to 32% by
having a surface resistivity of not less than 10° Q@/square

and a thickness of not less th:i. 10 nm,
the content of cobalt in said coating f£ilm based on

the total metal content per unit area being from 60 to 89% by

weight,

the cdntént of niékel in said coating film based on
the total metal content per unit area being from 10 to 39% by
wsight,

the content of at least one metal selected from
titanium, vanadium, chromium, manganese, copper, and
zirconium in said coating film based on the total metal
content per unit area being trom 1 to 30% by weight.

4. Heat ray-reflecting glass aé claimed in one of
claims 1 to 3, wherein said coating film has a thickness of
not more than 130 nm. .

5. Heat ray-reflecting glass comprising a glass
substrate having on the surface thereof a coating film
comprising cobalt oxide and nickel oxide,

. said coating film further comprising an iron oxide,
and having a surface resistiviiy of not less than
10° @/square and a thickness of from 10 to 70 nm,

the content of iron in said coating film bésed on the
total metal content per unit area being from 1.0 to 4.5% by
weight.

6. Heat ray-reflecting glass as claimed in claim 5,

wherein the content of nickel in said coating film based on

I

I o
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wei ght . 3. Heat ray-reflecting glass conprising a glass substrate
havi ng on the surface thereof a coating film conprising cobalt oxide and
ni ckel oxi de, said coating filmfurther conprising a netal oxide
containing at | east one netal selected fromtitanium vanadium chrom um
manganese, copper, and zirconium and- 42 -

- 41 -

the total metal content per unit area is from 5 to 40% by
weight.

7. Heat ray-reflecting glass as claimed in one of
claims 1 to 6, whereiﬁ a reflecting color tone viewed from
the side of said heat ray-reflecting Qlass opposite to said
coating film is green series color.

8. Heat ray-reflecting glass as claimed in one of
claims 1 to 7, whereinﬁsaid Coating film consisting
essentially of oxides having spinel structures.

9. Heat ray-reflecting glass as claimed in one of
claims 1 to 8, wherein a transmitted visible light exhibits a

transmitted color tone falling within the following ranges:

w
o
IA
A
1A

12.5

wherein a" and b” iepresent éhromaticness indexes.

10. Heat ray-reflecting glass as claimed in one of
claims 1 to 9, wherein a reflected visible light viewed from
the side of said heat ray-reflecting glass opposite to said
coating film exhibits a reflected color tone falling within

the following ranges:

I —————

A
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having a surface resistivity of not less than 10[err] [err]/square and a

t hi ckness of not |ess than 10 nm the content of cobalt in said
coating filmbased on the total netal content per unit area being from 60
to 89% by wei ght, the content of nickel in said coating film -
based on the total nmetal content peL agpit area being from10 to 39% by
wei ght , the content of at |east one netal selected from

titanium vanadi um chrom um nanganese, copper, and zirconiumin said
coating filmbased on the total netal

IA
A1)
A

-7.0 -3.0

1
wn
o
IA
o,
IA

~

o

wherein a* and b* represent chromaticness indexes.

11. Heat ray-reflecting glass comprising a glass
.substrate having on the surface thereof a coating film.r
comprising cobalt oxide and nic#el oxide,

said coating film consisting essentially of oxides
having spinel structures comprising cobalt oxide and nickel
oxide, and having a surface resistivity of not less than
10* Q/square and a thickness of from 10 to 70 nm,

a reflecﬁing color tone viewed from the side of said

heat ray-reflecting glass opposite to said coating film being

green series color.

g
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content per unit area being from1l to 3096by wei ght . 4. Heat
ray-reflecting glass as clained in‘one of claims 1 to 3, wherein said
coating filmhas a thickness of not nore than 130 nm 5. Heat
ray-reflecting glass conprising a glass substrate having on the surface
thereof a coating film conprising cobal g40xi de and ni ckel oxide,

said coating filmfurther conprising an iron oxide, and having a surface

resistivity of not less than 10[err] [err]/square{“ii‘ from
fll'?ﬁPb?éé@H on the

10 to 70 nm the content of ir aid
total metal content per unit area bei ngagﬁtﬁl%c ELA SHIACHRI ght .

HEAT RAY-REFLECTING GLASS

A heat ray-reflecting glass.is disclosed, which
comprises a glass substrate having on the surface thereof a
coating film comprising cobalt oxide and nickel oxide. The
coating film has the following characteristics:

(1) In.a first aspéct:of the present invention, the
coating film ha.. @ surface resistivity of not less than
104 Q/square and a thickhess of not less than 10 nm, the
Eontent of cobalt in the coating film based on the total
metal conteht per unit area is from 60 to 90% by weight, and
the content of nickel in thea cnating film based on the total
metal content per unit érea is from 10 to 40% by weight.

(2) In a second aspect of the present invention, the
coating film furthér-comprises a metal oxide containing at
least one metal selected from titanium, vanadium, chromium,
manganese, copper, and zirconiﬁm, and has a surface
resistivity of not less than 104 Q/square and a thickness of
not less than 10 nm, the content of cobalt in the coating
film based on the total metal content per unit area is from
60 to 89% by weight, the_conﬁent of nickel in the coating
film based on the total metal content per unit area is from
from 10 to 39% by weight, and the content of at least one

.metal selécted from titanium, wvanadium, chromium, manganese,
copper, and zircoﬁium in the coating film based on the total

metal content per unit area is from 1 to 30% by weight.

Sheet Has Been ReplacedTI This is the replacement sheet
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6. Heat ray-reflecting glass as clained in.claim5, wherein the content

of nickel in said coating filmbased on
- 42 - the total netal content per unit area is from5 to 40% by

wei ght . 7. Heat ray-reflecting glass as clai rred in one of cl ai ns
1 to 6, wherein a reflecting color tonregw ewed fror

(3) In a third aﬁpect of the present invention, the
coating film further comprises an iron oxide, and has a
surface resistivitylof not less than 10 Q/square and a
thickness of not less than 10 nm, and the content of iron in
the coating film based on the total metal content per unit
area is from from 1.0 to 4.5% by weight.

(4) In a fourth aspect of the present invention, the
coating film has a surface resistivity of not less than
10° @/square and a thickness of from 10 to 70 nm, and
consisting essentially of oxidées having spinel structures
comprising cobalt oxide and nickel oxide, and a reflecting
color tone viewed from the side of said heat ray-reflecting

glass opposite to said cocating film being green series color.

\

his Sheet Hg

e
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the side of said heat ray-reflecting glass opposite to said coating film

‘i's green series color. 8" Heat ray-reflecting glass as clained in
one of <clains 1 to 7, wherein said coating filmconsisting essentially of
oxi des havi ng spinel structures. 9. Heat ray-reflecting glass as

claimed in one of clains 1 to 8 wherein a transmtted visible |ight
exhibits a transmtted color tone falling within the foll ow ng ranges:
-4.5 [err] a* [err] 4.5 : 3.0 [err] b* [err] 12.5

FIG. 1
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--”

wherein a* and b* represent chromat.icness indexes.

ray-reflecting glass as clainmed in one of
reflected visible light viewed from the side of~ sgr'

gl ass opposite to said

falling wthi the follow ng ranges:
43 - THIS SHEET HAS BEEN -~ 44 -
REPLACED
—_— ABSTRACT

eet Has Been Replaced

"

10, B2

cl ai ns 1to 9, V\/nereln a

"‘Hl“ HEAT RAY-REFLECTING GLASS

A heat ray-reflecting glass is disclosed, which

comprises a glass substrate having on the surface thereof a

coating film comprising cobalt oxide and nickel oxide.

The

coating film has the following characteristics:

(1) In.a first aspect of the present invention, the

coating film ha:. a2 surface resistivity of not less than

10* @/square and a thickness of not less than 10 nm, the

content of cobalt in the coating film based on the total

metal content per unit area is from 60 to 90% by weight, and

the content of nickel in tha

cnating £ilm based on the total

metal content per unit area is from 10 to 40% by weight.

(2) In a second aspect of the present invention, the

coating film further comprises a metal oxide containing at

least one metal selected from titanium, vanadium, chromium,

manganese, copper, and zirconium, and has a surface

resistivity of not less than

10 Q/square and a thickness of

not less than 10 nm, the content of cobalt in the coating

film based on the total metal content per unit area is from

60 to 89% by weight, the content of nickel in the.coating

film based on the total metal

content per unit area is from

from 10 to 39% by weight, and the content of at least one

metal selected from titanium, wvanadium, chromium, manganese,

copper, and zirconium in the

metal content per unit area is

coating film based on the total

from 1 to 30% by weight.
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-70[err] a* [err] -3.0 - ' -5.0 [err] b* [err] 4.0
wherein a* and b* represent chrorratlcness | ndexes. 11. Heat

ray-reflecting glass conprising a glass substrate hayin OO t+he-sur-f.gce
thereof a coating film conprising cobalt oxide and nirdiée-?f i b&S BEFN

said coating filmconsisting essentiatl450f oxides jhavi nGiEBPACED
structures conprising cobalt oxide and nickel oxide, and having—a—strface
resistivity of not less than 10[err] [err]/square and a thickness of from

10 to 70 nm

(3) In a third aspect of the present invention, the
coating film further comprises an iron oxide, and has a
surface resistivity of not less than 10 Q/square and a
thickness of not less than lO nm, and the content of iron in
the coating film based on the total metal content per unit
qrea is from.from 1.0 to 4.5% by weight.

(4) In a fourth aspect of the present invention, the

" coating film has a surface resistivity of not less than

10° Q@/square and a thickness of from 10 to 70 nm, and
consisting'essentially of oxides having spinel structures
comprising cobalt oxide 'and nickel oxide, and a reflecting
color tone viewed from.the side of said heat ray-reilecting

glass opposite to said ccating film being green series color.

Fi1GURE 2
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a reflecting color tone viewed fromthe side of said heat ray- reflectl

glass opposite to said coating fil'mbeing green series color

v

%

- 44 -
ABSTRACT
HEAT RAY-REFLECTING GLASS

A heat ray-reflecting glass'is disclosed, which comprises a glass
substrate having on the surface thereof a coating film comprising

cobalt oxide and nickel oxide. The coating film has the following

. characteristics:

(1) In a first aspect of the present invention, the coating
film has a surface resistivity of not less than 10* Q/square and a
thickness of not less than 10 nm, the content of cobalt in the coating
film based on the total metal content per unit area is from 60 to 90%
by weight, and the content of nickel in the-coating film based on the
total metal content per unit area is from 10 to 40% by weight.

(2) 'In a second aspect of the present invention, the coating
film further comprises a metal oxide containing at least one meﬁal
selected from titanium, vanadium, chromium, manganese, copper and
zirconium, and has a surface resistivity of not less than 10* Q/square
and a thickness of not less.than 10 nm, the content of cobalt in the
coating film based on the total metal content per unit area is from 60
to 89% by weight, the content of nickel in the coating film based on
the total metal content per unit area is from from 10 to 39% by weight,
and the content of at least one metal selected from titanium, vanadium,
chromium, manganese, copper, and zirconium in the coating film based on
the total metal content per unit area is-from 1 to 30% by weight.

(3) In a third aspect of the present invention, the coating
film further comprises an iron oxide, and has a surface resistivity of
not less than 10* Q/square and a thickness of not less than 10 nm, and
the content of iron in the coatiﬁg filﬁ based on the total metal
content per unit area is from 1.0 to 4.5% by weight.

(4) In a fourth aspect of the present invention, the coating
film has a surface resistivity of not less than 10* Q/square and a
thickness of from 10 to 70 nm, and consisting essentially of oxides
having spinel structures comprising ccbalt and nickel oxide, and a
reflecting color tone viewed from the side of said heat ray-reflecting

glass opposite to said coating film being green series color.

FIGURE 2
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