F-P121333K(SG) DESCRIPTION TITLE OF THE INVENTION: FILM-FORMING METHOD AND
FILM-FORMED ARTICLE TECHNICAL FIELD [0001] The invention relates to a method of forming
a coating on a metal roof of an existing architectural structure. 10 BACKGROUND ART[0002] Roofs
of architectural structures such as houses, factories, and warehouses have been made using a variety
of 15 materials such as clay roof tiles, cement roof tiles, slate roof tiles, asphalt shingles, and metal
sheets. Among them, roof tile materials such as clay roof tiles, which have been used traditionally, are
somewhat disadvantageous in terms of eartiguakegesistance, etc., because they have a 20 relatively
heavy weight per piece and may apply a heavy load on an architectural structure. [0003] On the other

hand, metalisheet ngofaterialsz wiichy .  are significantly lighter than roof tile materials, have 25
been recently often used in various architectural F- P121 335K (SO) structures. Steel sheets with
painted surfaces are FILM-FORMING METHOD AND FILM-FORMED ARTICLE

5 TECHNICAL FIELD
[0001]

The invention relates to a method of forming a
coating on a metal roof of an existing architectural
Structure.

10
BACKGROUND ART
[0002]
Roofs of architectural structures such as houses,
factories, and warehouses have been made using a variety of
15 materials such as clay roof tiles, cement roof tiles, slate
roof tiles, asphalt shingles, and metal sheets. Among them,
roof tile materials such as clay roof tiles, which have
been used traditionally, are somewhat disadvantageous in
terms of earthquake resistance, etc., because they have a
20 relatively heavy weight per piece and may apply a heavy
load on an architectural structure.
[0003]

On the other hand, metal sheet roof materials, which

are significantly lighter than roof tile materials, have

25 Dbeen recently often used in various architectural



generally used for such metal roofs. Unfortunately, the noise of falling rain on such metal roofs used in
architectural structures res tends to be higher, which is not preferred for living conditions, etc. [0004]
For example, Japanese Patent Application Laid-Open (JP-A) No. 2000645121 (PatentIocument 1)
discloses a method of reducing rain noise on a metal roof, which 10 includes placing a heat insulator
made of a synthetic resin foam, a rubber foam, or the like on the back surface (indoor side) of a metal
roof. JP-A No. 2005-9205 (Patent Document 2) also discloses a method of reducing rain noise by
using a damping adhesive with a specific loss.factor in a metal roof structure including a metal roofing
material, %td%?n%ﬁgr %%hes%(/\%elg?/erg %%%I%asbgclk?r%g %aajtgﬁaelg[o%%% aﬁr?f%rtﬁﬁgtely, if the methods

disclosed?gﬁgqsdel@@,teggggc%gngu%iq@e%rglalkgig%cge_d t9,indaar side 20 structures for metal roofs,

are used for existing architectural structures, modification of attic structures and other processes will

be necessaryswhich may leadsto- extensivesconsteiction. [0096125Qn the gther hand, JP-A No.
2003-238897 (Patent D-P12133SK(SO) Document 3) discloses a method of forming a

sound-insuating-ecatinga which-ineludes appying apaintcompesition for ferming a-soft paint film and
then apply another paint composition for forming a hard paint film 5 onto the soft paint film. The
techpiquerdisClosed in Patent Documenir3disapplied te the outdoor side of a metal roof, which can
also be performed to refurbish the metal roof at the same tine. [0007]

[0004]

For example, Japanese Patent Application Laid-Open
(JP~-A) No. 2000-64512 (Patent Document 1) discloses a
method of reducing rain noise on a metal roof, which
10 includes placing a heat insulator made of a synthetic resin
foam, a rubber foam, or the like on the back surface
(indoor side) of a metal roof. JP-A No. 2005-9205 (Patent

Document 2) also discloses a method of reducing rain noise

by using a damping adhesive with a specific loss factor in

ot
(@]

a metal roof structure including a metal roofing material,
a damping adhesive layer, and a backing material.
[0005]

Unfortunately, 1f the methods disclosed in these
patent documents, which are all directed to indoor side
20 structures for metal roofs, are used for existing
architectural structures, modification of attic structures
and other processes will be necessary, which may lead to
extensive construction.
[0006]

25 On the other hand, JP-A No. 2003-2388%87 (Patent



10Unfortunately, in some cases, satisfactory performance cannot be obtained for rain noise reduction
and other purposes only by simply stacking coating compositions for forming soft and hard paint films
as disclosed in Patent Document 3. 15[0008] On the other hand, infreEertlyears tRére has been a
move afoot to reduce power consumption for air conditioning used in buildingsview of environmental
protection, energy saving, etc. To meet such a move, there are 20 proposed techniques to suppress
the sunlight-induced increase in the temperature of roof materials. For example, JP-A No. 2004-10903

(Patent Dogument,4) discloges-thak a paint,composition eontaining holloy, cgramic empty particles at a

high concentration is applied to a roof material. 25[0009] Unfortunately, a sufficient rain

noise-redugirg, effect-cannet, be .expected-evenittheeaintegmpesition asdisglosed in Patent
Document 4 is applied to roof materials. PRIOR ART DOCUMENTS Patent Documents [0010] Patent

DocumentcbimirAiNe.c2000-64512 Ratent Dacument 21 JP-A Naw 2005-920510Ratent Bgcument 3:
JP-A No. 2003-238897 Patent Document 4: JP-A No. 2004-10903 SUMMARY OE THE INVENTION
PROBLEMSMOBE SOLVEDR:BYCPHEdNMENTHON 45{0014] 2 hard paint film
5 onto the soft paint film. The technique disclosed in
Patent Document 3 is applied to the outdoor side of a metal
rocof, which can also be performed to refurbish the metal
roof at the same time.
[0007]
10 Unfortunately, in some cases, satisfactory
performance cannot be obtained for rain noise reduction and
other purposes only by simply stacking coating compositions
for forming soft and hard paint films as disclosed in
Patent Document 3.
15 [0008]

On the other hand, in recent years, there has been a
move afoot to reduce power consumption for air conditioning
used in buildings in view of environmental protection,
energy saving, etc. To meet such a move, there are

20 proposed technigues to suppress the sunlight-induced
increase in the temperature of roof materials. For example,
JP-A No. 2004-10903 (Patent Document 4) discloses that a
paint composition containing hollow ceramic empty particles
at a high concentration is applied to a roof material.

25 [0009]



An object of the invention, which has been accomplished in view of the above problems, is to provide a
method that can conveniently and effectively reduce rain noise on a metal roof formed in an existing
architectural 20 structure and also suppress direct sunlight-induced terfipératurédifigrease. MEANS
FOR SOLVING THE PROBLEMS [0012] 25As a result of earnest studies to solve such problems,
F-P12133SK(SG) the inventors have accomplished the invention based on the finding that when a
coating including a specific intermediate coating layer and a specific top coating layer is formed on the

outdoor side surf%ce of % @net%lerf;c’f of an e%(i tigg grg%hitectural structugreé &k&% level of the noise of

raindrops falling onnt%%rmeta? FooFcan be Eeptllow, and the ?er%ﬁér%?ﬁre increasa during direct solar

radiation. ¢ aiso o AupRTsssed, )AL L0Thys pe peentions dBeleddt s on 4o & method of

forming a coating,including: forming an intermediate coating layer on the outdoor side surface of a

metal roof of an existing arehitecturahstructure, whereinthe intermediate, ceating layetingludes 15 a
dispersion of 30 to 300 parts by weight of inorganic particles in 100 parts by weight of a resin matrix
derived from a urethane prepolymer and has a thickness of 50 to 1,000 pm; and forming a top coating
layer on the intermediate 20 coating layer, wherein the top coating layer contains an infrared reflecting
powder apd/arranrirfrareo-tramsimisting powder, and water has a contact angle of 70 or less on the
coating formed; and 2. a coating structure obtained by the coating 25 forming method
according’ to-iterh 1DoRRI2183SK(SG)

(00101
Patent Document 1: JP-A No. 2000-64512
Patent Document Z: JP-A No. 2005-9205
10 Patent Document 3: JP-A No. 2003-238897

Patent Document 4: JP-A No. 2004-10903

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
15 [0011]

An object of the invention, which has been
accomplished in view of the above problems, is to provide a
method that can conveniently and effectively reduce rain
noise on a metal roocf formed in an existing architectural

20 structure and also suppress direct sunlight-induced

temperature increase.

MEANS FOR SOLVING THE PROBLEMS
[0012]

25 As a result of earnest studies to solve such problems,



EFFECTS OF THE INVENTION [0014] According to the invention, rain noise on a metal roof
formed in an existing architectural structure can be reduced conveniently and effectively. The invention
also makes it possible to suppress the direct sunlight-induced increase in-the Zémpéeratsre)of roof
materials, so that power consumption for air conditioning can also be reduced 10 in summer and other
seasons. The method of the invention can also refurbish a metal roof at the same time, which also
contributes to improvements in the esthetic quality of architectural structures. EMBODIMENTS FOR

CARRYING QUT Ué%é'é'}@\hﬂ%‘ Qgé%%liﬂ?é%m@ g er%%dd'%@tsp%’éé’ﬁ”é{lﬁ‘gt%ué the invention

will be described. [00161 20The coating ing method of the invention is performed on the outdoor

side surface; of a metalyoof gf-an exist.g architectural structyre, [QQL7] Examples of the base material

that forms the metal 25 roof include a metal sheet such as a steel sheet, a 8-8121338K(SS) stainless

steel sheet;, an-alyminum sheet an-ajuminum allay sheet, Ok ascopper sheets and @ plated.metal sheet
such as a zinc-aluminum-alloy-plated steel sheet such as a Galtite or Galvalume steel sheet, an

aluminum-plated steeli sbeet; R acxzinerpltated steel sheek Jhese shegtsamnay alsorbe eoatad with
various types of paint or the like. The thickness of such a base material is generally from about 0.2 to
about® mmax 0018} 4 03 he hnvention:cah bringrattoutean adwantagedusosffedte noise of

raindrops falling on the metal roof can be kept low, and
the temperature increase during direct solar irradiation
can also be suppressed.
[0013]
10 Thus, the invention is directed to:
1. a method of forming a coating, including:
forming an intermediate ccating layer on the outdoor
side surface of a metal roof of an existing architectural
structure, wherein the intermediate coating layer includes
15 a dispersion of 30 to 300 parts by weight of inorganic
particles in 100 parts by weight of a resin matrix derived
from a urethane prepolymer and has a thickness of 50 to
1,000 pyum; and
forming a top coating layer on the intermediate
20 coating layer, wherein the top coating layer contains an
infrared reflecting powder and/or an infrared transmitting
powder, and water has a contact angle of 70° or less on the
coating formed; and
2. a coating structure obtained by the coating

25 forming method according to item 1.



particularly when it is performed on a base material having an existing paint film with low lightness.
The lightness  of such an existing paint film is preferably 80 or less, more preferably 60 or less. The
lightness (L*) is a 15 value in the CIE Casb* color space, which can beEmeasureelSusinga
spectrophotometer. [0019] In the invention, the intermediate coating layer may be formed directly
on the base material, but alternatively 20 an undercoating layer of anti-corrosive paint or the like may
also be formed on the base material. In the invention, when such an undercoating layer is formed, the
advantageous effects of the invention can be obtained for a long period of time. It will be understood
that in the invention, such an undercoating layer does not interfere with the effect of F-P12133SK(SG)

reducing faiphojse, the effectof suppressing temperature increase, or other effects. [0020] An

anti-corrosive paint composition containing a 5 r C Cand an anti-corrosive pigment or the like as
essential components may be used. In such a composition, for example, the resin may be a vinyl
chloride resin, an epoxy resin, an acrylic resin, a urethane resin, an acrylic silicone resin, an alkyd

resin, or any othex#esindihe d Oesimmmay beuseciin the forn aba seluion, argispersion, or a mixture
of them. [0021] commercavailable or known material may be used as the anti-corrosive pigment.
Examples incfude>aphosphatesbasedsantrgoraesive pigmentssuchas.zine phosphateciron phosphate,
or aluminum phosphate, a ph o s phi -based anti-corrosive pigment such as zinc phosphite, iron
phosphite;cotiataediinurn phosphitel v motybeafesbaseddrnti-coffbsive pigmentsuchla>calcium 20
molybdate, aluminum molybdate, or barium mblybdate, a

makes 1t possible to suppress the direct sunlight-induced

increase in the temperature of roof materials, so that

power consumption for air conditioning can also be reduced

10 in summer and other seasons. The method of the invention
can also refurbish a metal roof at the same time, which

also contributes to improvements in the esthetic quality of

architectural structures.

15 EMBODIMENTS FOR CARRYING OUT THE INVENTION
[0015]

Hereinafter, embodiments for carrying out the
invention will be described.
[0016]

20 The coating forming method of the invention is
performed on the outdoor side surface of a metal roof of an
existing architectural structure.

[0017]
Examples of the base material that forms the metal

25 roof include a metal sheet such as a steel sheet, a



vanadium-based anti-corrosion pigment such as vanadium oxide, and a chromate-based anti-corrosive
pigment such as strontium chromate, zinc chromate, calcium chromate, potassium chromate, or
barium: chromate. Based on 100 parts by weight of the solid of the resirf, the aat-EofrdSive
F-3121335K(SG) pigment may be mixed generally in an amount of 5 to 150 parts by weight, preferably
about 10 to about 100 parts by weight. [0022] The undercoating layer can be formed by applying an
anti-corrosive paint composition as described above and drying the composition. The application

method to be Lised.may be any apprapriate,coafing method;such as.spray goating, roller goating, or

brush coating. The drying may be 10 performed at normal temperature (about 0 to about 40C) The

thickness efthe windgrcoatingdayer is geperally from aboyta o abedt 2QQ, pe; preferablysfrom about
10 to about 100 pm. [0023] In the invention, the intermediate coating layer is formed on the base

material optionadly pravided withahe snrdencoading dayer assdeseribed aboye. Theintermediate coating
layer is made of an intermediate coating material including a dispersion of inorganic particles in a resin
20 matrix deriveslframangretharel prepelymerain theuinventior, the ase of sadh ahmaterial enables an
increase in the thickness, strength, and other properties of the intermediate coating layer, which is also
highlyceffectivesinzedacingaairnoise ssuppressing téinperatalrecintreasey 25 afd itproving adhesion
and other properties. T-P12133SK(SG) [0024] In the intermediate coatinci material, the resin matrix
derived frop®alutethaht prépolyeFhay acdntihudds phase forhredldfEpolyRier containing the
reaction product 5 of the urethane prepolymer. In the invention, the use of such a specific resin matrix

can enhantB th&BfESt SHediiciiy fair AdRe dEdther effSctgenerally from about

0.2 to about 2 mm.
[0018]

10 The invention can bring about an advantageous effect,
particularly when it is performed on a base material having
an existing paint film with low lightness. The lightness
(L"y of such an existing paint film is preferably 80 or
less, more preferably 60 or less. The lightness (L") is a

15 wvalue in the CIE L'a'd" color space, which can be measured
using a spectrophotometer.

[0019]
In the invention, the intermediate coating layer may
be formed directly on the base material, but alternatively

20 an undercoating layer of anti-corrosive paint or the like
may also be formed on the base material. In the invention,
when such an undercoating layer is formed, the advantageous
effects of the invention can be obtained for a long period

of time. It will be understood that in the invention, such

25 an undercoating layer does not interfere with the effect of



[0C25] For such a matrix, the urethane prepolymer, which has 10 an isocyanate group at the end of
the molecule, can be obtained by reaction of a polyol compound with excess of a polyisocyanate
compound. [0026] For example, the polyol compound used to form the A5Rirethaneprépolymer may
be polyether polyol, polyester polyol, or the like. Such polymers Generally have a weight average
molecular weight of 300 to 5,000 (preferably 500 to 3,000) [0027] 20The polyisocyanate compound
may be aliphatic, alicyclic, or aromatic polyisocyanate used in general production of polyurethane.

Specifc eyamplag e fetramet ven disaoyapate, hexamedylonc,isagyangte, 4 &oyclohexane

diisocyanate,4'-dicyclohexylmet lisocyanate, isophorone diisocyanate, 2,4-tolylene

F-P12133SK(3G) L Isogyanate . 2,6-telylene diisocyanate, m-xylene diisocyanate, and
4.,4'-diphenylmethane diisocyanate. [CO28] The reaction ratio between the pciyol compound and the

polyisocyanatecompound may be set in such a manner that the isocyanate group in the
poiyisocyanate compound is excessive relative to the hydroxyl group in the polyol compound, and in
general, it is prefexablyrset irsuctva thanner that NCQ/OKti is from abaut 12itacabout 2.2. 10[0029]

In the intermediate coating material, the resin matrix contains at least a product of reaction between
the ubetharssprepahanemarschan active hydrogepicontain compoundl The active hydrogen-containing
compound is a 15 compound capable of reacting with the isocyanate group of the urethane
prepolyméer Exaiiplés oPsich an betive Hydogenssbntaiking sempaundiiatThay e used include an

amino group-containing compound and a hydroxyl group-containing compound.
for example, the resin may be a vinyl chloride resin, an

epoxy resin, an acrylic resin, a urethane resin, an acrylic
silicone resin, an alkyd resin, or any other resin. The

10 resin may be used in the form of a solution, a dispersion,
or a mixture of them.
[0021]

A commercially available or known material may be

used as the anti-corrosive pigment. Examples include a

15 phosphate-based anti-corrosive pigment such as zinc
phosphate, iron phosphate, or aluminum phosphate, a
phosphite-based anti-corrosive pigment such as zinc
phosphite, iron phosphite, or aluminum phosphite, a
molybdate-based anti-corrosive pigment such as calcium

20 molybdate, aluminum molybdate, or barium molybdate, a
vanadium-based anti-corrosion pigment such as vanadium
oxide, and a chromate-based anti-corrosive pigment such as
strontium chromate, zinc chromate, calcium chromate,
potassium chromate, or barium chromate. Based on 100 parts

25 by weight of the solid of the resin, the anti-corrosive



20[0030] Specific examples of the amino group-containing compound include aromatic, aliphatic,
or heterocyclic polyamines, and modifications thereof, such as epoxide addition products thereof,
amidation products thereof, and 25 Mannich reaction products thereof. E-P12133SK(56))

Examples of the hydroxyl-group containing compound include a polyol compound such as polyether
polyol, polyester poiyol, or acrylic polyol, and a hydroxyl group- 5 containing vinyl compound, a
hydroxyl croup-containing epoxy compound, etc. When the urethane prepolymer is allowed to react

with the h)fﬁ'g%@éIQEOH%WOB@W@Q;&H‘%&P@PQ%Q’ the rggidggb@'g;&l greups..can ke allowed to further

react with each other. When the urethane 10 prepolymer is allowed to react with the hydroxyl
group-containing epexy, £oRPoUNd - ar 8MiRe grawpscentaining campeund ©f the ke may be further
added so that the residual epoxy group can undergo a reaction, in particular, the hydroxyl
group-coniainigg €ompound is preferably 15 acrylic polyol. [00321 Examples of the inorganic
particles to be used . include heavy calcium carbonate, precipitated calcium carbonate, kaolin, talc,
clay, argil, chirtz¢lay, barium 20sulfate, barium carbonate, silica sand, silica stone, diatom earth,
titanium oxide, zinc oxide, and aluminum oxide, one or more of which may be used. The inorganic
particles preferablf haveadsaverade. partickey/size o£ 0. bto X000 pad(ntarequreferably 022:to 50 um, even
more preferably 0.3 to 20 pm). F-P121335K(SO) [0033] The intermediate coating layer preferably
contains 5896 by @@ightor FRoeA(hidre PERYEBIT 70% B WEGterRere) st iforganic particles with
an average particle size of 0.5 to 100 pm (preferably 1 70 50 pm, more preferably 2 to 20 um) based
on the totdl a¥idtint b he"MBRGEIE particled 'SudPR teatbite: 6 theShéiganicpatficles fSadvantageous

in increasing the tnic ess, reducing rain noise, and suppressing temperature increase, 10[0034]
may be any appropriate coating method such as spray coating,

roller coating, or brush coating. The drying may be

10 performed at normal temperature {(about 0 to about 40°C).
The thickness of the undercoating layer 1s generally from
about 5 to about 200 um, preferably from about 10 to about
100 um.

[0023]

15 In the invention, the intermediate coating layer is
formed on the base material optionally provided with the
undercoating layer as described above. The intermediate
coating layer is made of an intermediate coating material
including a dispersion of inorganic particles in a resin

20 matrix derived from a urethane prepolymer. In the
invention, the use of such a material enables an increase
in the thickness, strength, and other properties of the
intermediate coating layer, which is alsoc highly effective
in reducing rain noise, suppressing temperature increase,

25 and improving.adhesion and other properties.



The content of the inorganic particles in the intermediate coating layer may be from 30 to 300 parts by
weight (preferably from 50 to 250 parts by weight, more preferably from 80 to 230 parts by weight)
based on 100 parts by weight of the resin matrix derived from the urethanelprépglyhesSrhe content of
the inorganic patrticles in such a range is advantageous in increasing the thickness, strength, and other
properties of the intermediate coating layer, which is also sufficiently 20 effective in reducing rain noise
and increasing bonding strength. [0035] The use of such an inernediate coating layer can also
be sufficie{rbtb/zezl ective in suppressing temperature 25 increase. It is considered that the intermediate
coating F-P12133SK(504) layer can produce the effect of suppressing temperature increase by

efficiently blocking sunlight. Althoughithe mechanism of it remains unclear, it.is;considered that the

intermediate coating layer can contain a relatively high 5 content of the inorganic particles and be

made relatively; thicks s0-that the dntermediate coating layer can sufficiently preduce.complex
light-refraction effects. [0036] If the content of the inorganic particles in the 10-, ntermediate coating
layer is togrlews it feay-be difficult torobtain-a thick geating; angthe«coating may-bave-insufficient
strength, so that the effect of reducing rain noise or suppressing temperature increase, tne adhesion,
or other prdperties mantbe msufficient ] ifrtke content di¢he mosganioparticles isseoce figh, it may be
difficult to obtain the effect of reducing rain noise sufficiently. [0037] Such an intermediate coating
layer can$becformed bydpplying andrdrying @ikintermetlidtercoating enatéfialc20 edntaining a urethane
prepolymer, an active hydrogen-containing compound, and inorganic partic]es, or by applying and
drying anfifitérmetirate 2oating indteridl Contditing A profdtiet of reaction between a urethane
prepolymer and a. hydroxyl group-containing epoxy compound, an amino group-containing compound,
and inorgait?particles. - 312133SK(SG)

For such a matrix, the urethane prepolymer, which has

10 an isocyanate group at the end of the molecule, can be
obtained by reaction of a polycl compound with excess of a
polyisocyanate compound.

[0026]
For example, the polyol compound used to form the

15 urethane prepolymer may be polyether polyol, polyester
polyol, or the like. Such polymers generally have a weight
average molecular weight of 300 to 5,000 (preferably 500 to
3,000 .

[0027]

20 The polyisocyanate compound may be aliphatic,
alicyclic, or aromatic polyisocyanate used in general
production of polyurethane. Specific examples include
tetramethylene diisocyanate, hexamethylene diisocyanate,
1,4~-cyclohexane diisocyanate, 4,4'-dicyclohexylmethane

25 diisocyanate, isophorone diisocyanate, 2,4-tolylene

10



The intermediate coating material may be of an aqueous type or a solvent (organic solvent) type.
Specifically, when the former type of intermediate coating material is used, the resin matrix can be
formed by a process including 5 mixing the urethane oreoolymer and thé aktive hy@iogen compound
at the time of coating and allowing them to react in the process of forming a coating. In this type of
intermediate coating material, the solid weight ratio of the urethane prepolymer to the active hydrogen
compound is 10 preferably from 50/100 to 400/100, more preferably from 70/100 to 200/100, even

more pref%ggly&o}yglgggeqo %), %qugg.l\élggn&tﬂ %[E%Eatyﬁett%f inter dé%tg coating material is used,

the resin matrix can be formed by a process including mixing thé amind group-containing 15

compoundandsthe, produet ofrggction: betweenthe urethanepiepalymer and the hydrogen
group-containing epoxy compound at the time of coating and allowing them to react in the process of

forming a goating; [0038] 20The intermediate coating material may be applied using any appropriate
coating method such as spray coating, roller coating, or brush coating. The drying may be performed
at normal temperature. [0939} 25The intermediateeoatingdayergererallynbasadl-08121330K (SG)
thickness of 50 to 1,000 pm, preferably 100 to 500 pm. If the thickness of the intermediate coating
layer ts lesstthap &0y pit peanalie diffiouittorabtamythe effeet ofiredsiciriy raimacise or suppressing
temperature increase sufficiently. If the thickness is more than 1,000 PITL, the load of the intermediate
coating layeratiaybe highn wwich issdisadvantagesixindredicing ahe weightdoamonan arehitectural
structure. [0040] 10In the invention, a top coating layer is formed on the intermediate coating Layer, in
which the fopréoatingdayéricontaifis 'an infraretiénesting pereer and/ePandeftai@d transmitting
powder, and water has a contact angle of 70 or less (hereinafter also simply referred to as "contact

angle”) ontRBRBAfNY fefed: T B Mb8htion; the thtBiméaiat coatigaydr atftheftop coating layer

are stacked o that agvantageaus,effects such 8,3 ain ngise feducing effegt and a temperature

10 [0029]

In the intermediate coating material, the resin
matrix contains at least a product of reaction between the
urethane prepolymer and an active hydrogen-containing
compound. The active hydrogen-containing compound is a

15 compound capable of reacting with the isocyanate group of
the urethane prepolymer. Examples of such an active
hydrogen-containing compound that may be used include an
amino group-containing compound and a hydroxyl group-
containing compound.

20 [0030]

Specific examples of the aminc group-containing
compound include aromatic, aliphatic, or heterocyclic
polyamines, and modifications thereof, such as epoxide
addition products thereof, amidation products thereof, and

25 Mannich reaction products thereof.

11



suppressing effect can be obtained for a long period of 20 time. In addition, the stacking of the
intermediate coating layer and the ton coating layer is useful to prevent rain from penetrating the metal
roof or producing the effect of preventing the metal roof from making noéis& {eedeiciiig (risise) or
suppressing temperature increase so 25 that the expansion and contraction of the metal roof can be
F-P12133SK(SG) suppressed). [00411 Although the mechanism of the rain noise-reducing effect
remains unclear, the factors described below are considered to contribute to the effect. Specifically, it
is consideﬂrgg%??t the contact angle on the top coating layer is relatively low so thau the bounce of
raindrops is reduced when falling raindrops come into contact with the roof, on which the cushion

properties of the ipfermediate 10 coating. material has g synergistic effect, o that raig noise is

successfully reduced. It is considered that in thé invention, the contact angle on the top coating layer is
relatively low,1seithat dyring sainfall. g wvater film is also fermed: an the,surface of the top coating layer
70 15 reduce the bounce of raindrops. [0042] As for the effect of suppressing temperature
increase, itis wossidered that npt enlydbe effect ghthedntermediate goating:layer desgribed above but
also the 20 infrared reflecting powder and/or the infrared transmi ting powder contained in the top
coating layen tentribntesitorthé effecpolsuppressing heat stosage: mta the toprdoating layer itself.

[0043] 25The top coating layer is such that the contact angle F-P 2 3SK(SG)

epoxy compound, etc. When the urethane prepolymer is
allowed to react with the hydroxyl group-containing vinyl
compound, the residual vinyl groups can be allowed to
further react with each other. When the urethane

10 prepolymer is allowed to react with the hydroxyl group-
containing epoxy compound, an amino group~containing
compound or the like may be further added so that the
residual epoxy group can undergo a reaction. In particular,
the hydroxyl group-containing compound is preferably

15 acrylic polyol.
[0032]

Examples of the inorganic particles to be used
include heavy calcium carbonate, precipitated calcium
carbonate, kaolin, talc, clay, argil, china clay, barium

20 sulfate, barium carbonate, silica sand, silica stone,
diatom earth, titanium oxide, zinc oxide, and aluminum
oxide, one or more of which may be used. The inorganic
particles preferably have an average particle size of 0.1

to 100 pym (more preferably 0.2 to 50 um, even more

25 preferably 0.3 to 20 um).

12



on itis 70" or less, preferably 60" or less, more preferably 50' or less. If the contact angle is more than
700, it may be difficult to obtain the effect of reducing rain noise sufficiently. The contact angle of water
on the coating formed is a value measured using a contact angle meter [[0B441 3 3SK$géh a top
coating layer can be formed by applying and drying a top coating material capable of satisfying the 10
above requirements. Specifically, a composition containing a binder and an infrared reflecting powder
and/or an infrared transmitting powder can be used as the top coating material. In addition to these
components, df3@qcessary, the top coating material may further contain any of various additives. [0045]
In the top coating material, for example, the binder may be a resin having a hydrophilic group such as

a hydroxyl group, & carboxyLgresp; 8R AmiBa GreWpP, 101 fn-2Q, aEide group, adesiihaving a
hydrophilic segment such as polyalkylene oxide, polyoxazoline, or polyamide, or a mixture of any of

various resgjins ap¢g aJeydraphitigityigparting-cemperen rEan examples thekesimto be-used in the top
coating material may be a vinyl acetate resin, an 25 alkyd resin, a vinyl chloride resin, an acrylic resin,
a F-P12133Sk( urethanesresi, an acrylic silieenevrasin, sanfluororesin, qraartesiri havinga main
skeleton formed of any combination thereof. Among them, one or more selected from an acrylic resin,
a urethaneoifesin, antacrylidsiliconereshs iy fllororesin arer particutartyrprefereed. The resin may
be in any of a water-based form and a solvent-based form. [0046] For example, the
hydrophilicity-iripalfing Earmpenent rhag bedrihofgahic bxidé solcant aIReK7siiafie compound, or 10
the like. For example, the inorganic oxide sol may be an aluminum oxide sol, a silicon oxide so', a
zirconium BRifie <ol i antifony DxidesAr @Totge fiR&. TRE ibiganic idelSol oF the alkoxysilane
compound is particularly advantageous for suppressing_te%ature increase. 15[0047]

TetraalkoxySilaie; 22&shiensate O e fagkoRySifihe “Bnd fieatfons Herddf hiay be used as the

alkoxysilane compound. The alkoxgsilane corrgjpouncd %ene.rall has an average degree of
IlOlS_'_e aﬁ} SUI%PKGB ing temperatute 1ncrease.
condensation of 1 to , preferably

10 [0034]

The content of the inorganic particles in the
intermediate coating layer may be from 30 to 300 parts by
welght (preferably from 50 to 250 parts by weight, more
preferably from 80 to 230 parts by weight) based on 100

15 parts by weight of the resin matrix derived from the
urethane prepolymer. The content of the inorganic
particles in such a range 1s advantageous in increasing the
thickness, strength, and other properties of the
intermediate coating layer, which is also sufficiently

20 effective in reducing rain noise and increasing bonding
strength.

[0035]

The use of such an intermediate coating layer can

also be sufficiently effective in suppressing temperature

25 increase. It 1s considered that the intermediate ccating
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20 about 4 to about 20. [0048] In the invention, the hydrophilicity-imparting component is
preferably a condensate of tetraalkoxysilane having an alkoxyl group of 1 to 2 carbon atoms and an
alkoxyl group of 3 to 12 carbon atoms, in whiuh the alkoxyl F-P12133SK(8G)lgiétip 6F3 to 12 carbon
atoms preferably makes up 5 to 50% by equivalent of all alkoxyl groups of the compound. For
example, the alkoxyl group of 3 to 12 carbon atoms may be a straight-chain alkoxyl group such as an
N-propoxy group, an n-buto y group, an n-pentyloxy croup, an n-hexyroxy group, an n-octyloxy group,

or an n-dqdeayloxy groyp. of  branched alkoxyl 8?“&;%%%%% 'Sgcp%%ﬁ%’%ya%)“& an iso, utoxy

group, a tert-butoxy group, a sec-butoxy group, an isocentyloxy gro ecoentyﬁoxy group, an

isohexyloxy, 10.graup,a,3-methylpentyloxy.group; a1-meshyhexyloxy groun, &-ethylpentyloxy group,
a 2,3-dimetilyibutoxy group, a 1,5-dimethylhexyloxy group, a 2-ethylhexyloxy group, a 1-

methylhepfyloxygreun,or a tert-eetyloxy grewn.camong them, abranched-alkexy growp.is preferred.
For example, 15 such a compound can be obtained by a method of modifying a condensate of

tetraalkoxysitanenkaming ancalkexyh graup,efrl te:2 cartbornatoms by transestetifieatign with an alcohol
of 3 to 12 carbon atoms. [0049] 20Such a hydrophilicity-imparting component may he generally mixed
in anfamoumt 0011 050 parts by weigh.qpreferably 65 tor2D Dartsdyeweight) thiased wn 100 parts by
weight of the solid of the resin to form the top coating material. 25[0050] F-P12133SK(SO) In the top
coating lay&E ¢ examplea thetinfraied- rafleeting powder niaycbe alvmingarflake, titanium oxide,
barium sulfate, zinc oxide, calcium carbonate, silicon oxide, magnesium oxide, zirconium oxide, yttrium
oxide, 5 ifditim X6, AIUMHP FOR-RhFSHRRIRT ormplExtoxige imahganeseLBisfil hi-complex oxide, or
manganes[,%-a/gtglfm complex oxide. [0051]

If the content of the inorganic particles in the
10 intermediate coating layer is too low, 1t may be difficult
to obtain a thick coating, and the coating may have
insufficient strength, so that the effect of reducing rain
noise or suppressing temperature increase, the adhesion, or
other properties may be insufficient. If the content of
15 the inorganic particles is too high, it may be difficult to
obtain the effect of reducing rain noise sufficiently.
[0037]
Such an intermediate coating layer can be formed by
applying and drying an intermediate coating material
20 containing a urethane prepolymer, an active hydrogen-
containing compound, and inorganic particles, or by
applying and drying an intermediate coating material
containing a product of reaction between a urethane
prepolymer and a hydroxyl group-containing epoxy compound,

25 an amino group-containing compound, and inorganic particles.
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On the other hand, for example, the infrared 10 transmitting powder may be a perylene pigment, an
azo pigment, chrome yellow, red iron oxide, vermilion, titanium red, cadmium red, quinacridone red,
isoindolinone, benzimidazolon-, phthalocyanine green, ohnhalocyanine BluBl éebalfBlueSindanthrene
blue, ultramarine, iron blue, or 15 the like, and one or more of these materials may be used. In
general, there is a limit to hues that can be produced using only an infrared reflecting powder, but
coatings of various hues can be formed using an infrared reflecting powder in combination with an

infrared trapsmitling powder 20.as peeded, 00521, ; - ; The niaredreligcting pawder.apdlor the

infrared transmitting powder are/is preferably mixed in an armount (or total amount) of 1'to 200 parts by

weight, mase 25 FE@EGF@%’ 2 &Jq%%@@rt%gymght @%%d ons1Q0-parts by 1K-P14133S [SG) weight of
the solid of the resin. Such a mixed amount makes it possible to color the top coating layer as desired

and to protegtthedntesmediate coating layer<the pewdekinithe tea €eating laver prefarably includes
only the infrared reflecting powder and/or the infrared transmitting powder described above. [0053]

In the inventien,the top ceatinglayencar bedarmmed by applying-asd diying tlhe top coating material
described 10 above. Any appropriate coating method may be used, such as spray coating, roller
coating, ombryshgoatiey. Tttty mpayhelperformediatuiornat témperapgrecFhe top coating layer
generally has a thickness of 200 um or less, preferably 10 to 150 pm. 15[G054] In the invention,
the intermé&@@é@éﬁin@ﬂaﬁéﬂaﬁﬁlm t0p coadifg layerner theiidiercoatimglayer, fivRiatermediate
coating layer, and the top coa er are stacked in this order on the outdoor side surface of a 20
metal roofb@aﬁ%%s%ﬁ@%@éﬁlt&% g%f?&é{ﬁrea rPthe8p coatiing tayer f¥Rfis the uppermost surface
of the laminated film. As long as the effects of the invention are not significantly |mpa|red a middle

layer may alSbBeFrovitied lféﬁ/%éﬂQh@ﬂﬁéﬁﬁé&atet&?atﬁ%lléﬁ?eP’Eﬁtﬂhfe thp- 10 ©f

the urethane prepolymer to the active hydrogen compound is

10 preferably from 50/100 to 400/100, more preferably from
70/100 to 200/100, even more preferably from 90/100 to
150/100. When the latter type of intermediate coating
material 1s used, the resin matrix can be formed by a
process including mixing the amino group-containing

15 compound and the product of reaction between the urethane
prepolymer and the hydrogen group-containing epoxy compound
at the time of coating and allowing them to react in the
process of forming a coating.

[0038]

20 The intermediate coating material may be applied
using any appropriate coating method such as spray coating,
roller coating, or brush coating. The drying may be
performed at normal temperature.

[0039]

25 The intermediate coating layer generally has a
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25coating layer, if necessary. F-P12133SK(SG) EXAMPLES [0055] Hereinafter, examples and
comparative examples are 5 shown to describe the features of the invention more specifically. [0056]
(Production of Intermediate Coating Materials) Intermediate Coating Matefal 2l BGAK iritermediate
coating material | was produced by uniformly mixing 130 parts by weight of urethane-modified epoxy
resin (a glycidol adduct (70% by "eight in a nonvolatile content) of socyanate-terminated urethane
prepolymer (a product of reaction between polyether polyol 15(1,000 in weight average molecular

weight) and,2, 4-talvlene diisecyanatwigy, 420 parts hyweight of heavy.caleiym carbonate A (3 pm in

average particle size), 24 parts by weight of a hydrocarbon-based solvent, 1 part by weight of a
silicone-based anti-foaning agent:and: 9 parts by:weight-2Q of modifisgbpolyamines00% by weight in

solids content). [0057] Intermediate Coating Material 2 An intermediate coating material 2 was
produced byan wiformly mixing $04 pastshy: weight ebselubleiacrylic-2% pelyet A{50 KOHmg/n in
hydroxyl value, 34C in glass F-21213381-((SG) transition temperature, and 46% by weight in solids
content) withdlikOi parts by weightsf heavy calcium carboratede(@pmrin averagesparticle s10 parts by
5 sufficiently. If the thickness is more than 1,000 um, the
load of the intermediate coating layer may be high, which
is disadvantageous in reducing the weight load on an
architectural structure.
[0040]
10 In the invention, a top coating layer is formed on
the intermediate coating layer, in which the top coating
layer contains an infrared reflecting powder and/or an
infrared transmitting powder, and water has a contact angle
of 70° or less (hereinafter also simply referred to as
15 "contact angle") on the coating formed. In the invention,
the intermediate coating layer and the top cocating layer
are stacked so that advantageous effects such as a rain
noise reducing effect and a temperature increase
suppressing effect can be obtained for a long period of
20 time. In addition, the stacking of the intermediate
coating layer and the top coating layer is useful to
prevent rain from penetrating the metal roof or producing
the effect of preventing the metal roof from making noise

(reducing noise) (or suppressing temperature increase so

25 that the expansion and contraction of the metal roof can be
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weight of a hydrocarbon -based solvent, 1 part by weight of a silicone-based anti-foaming agent, and
52 parts by weight of isocyanate-terminated urethane prepolymer A (a product (100% by weight in
non-volatile content, and 3% by weight in NCO content) of reaction betweenlgalyethér gélyol (2,000 in
weight average molecular weight) and 2,4-tolylene 10disocyanate). (00581 Intermediate Coating
Material 3 An intermediate coating material 3 was produced by uniformly mixing 104 parts by weight of
soluble acrylic 15 polypi A with 225 parts by weight of heavy calcium carbonate A, 25 parts by weight
of a hydro%%rpggg)g\ggg solvent, 1 part by weight of a silicone-based anti-foaming agent, and 52 parts
by weight of isocyanate- termlnated urethane prepolymer A. 20L0059] Intermediate Coating Material 4
An intermediatecoating material 4 was produced by uniformly mixing 104 parts by weight of soluble
acrylic polypi A with 95 parts by weight of heavy calcium carbonate 25 A, 25 parts by weight of

titanium oxide A (a3 PAbINGA-2121 333KHSC)Avesage particle size); 10-partsihy-weight of a
hydrocarbon-based solvent, 1 part by weight of a sione- based anti-foaming agent, and 52 parts by
weight of isagayanate-terminatedirethane prepolymer A« 5[QR60} Hiteynediate Coatiag Material
5 considered to contribute to the effect. Specifically, it
is considered that the contact angle on the top coating
layer is relatively low so that the bounce of raindrops is
reduced when falling raindrops come into contact with the
roof, on which the cushion properties of the intermediate
i0 coating material has a synergistic effect, so that rain
noise 1is successfully reduced. It is considered that in
the invention, the contact angle on the top coating layer
is relatively low, so that during rainfall, a water film is
also formed on the surface of the top coating layer to
15 reduce the bounce of raindrops.
[0042]

As for the effect of suppressing temperature increase,
it is considered that not only the effect of the
intermediate coating layer described above but also the

20 infrared reflecting powder and/or the infrared transmitting
powder contained in the top coating layer contributes to
the effect of suppressing heat storage into the top coating
layer itself.

[0043]

25 The top coating layer 1s such that the contact angle
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An intermediate coating material 5 was produced by uniformly mixing 104 parts by weight of soluble
acrylic polypi_ A with 350 parts by weight of heavy calcium 10 carbonate A, 40 parts by weight of a
hydrocarbon-based solvent, 1 part by weight of a silicone-based anti-fégarfihnglageHt, (@it 52 parts by
weight of isocyanate-terminated urethane brepolymer A. [0061] Intermediate Coating Material 6

An intermediate coating material 6 was produced by uniformly mixing 104 baits by weight of soluble
acrylic po'yol A with 15 parts by weight of heavy c,a7c,um carbonate A, 2 parts by weight of a

hydrocargpln %\s%% sgle{gr_lg A Rart Qy ;éer'[%@eolf a?bﬁilic%gggtg] %gté-foaming agent, and 52 parts by

weight of iIsocyana e-terminated urethane prepolymer ntertediate Coating Material 7 25An

intermedigte gaating material 7,was produced by, 2212133514, (361 uniformly mixing 55 parts by
weight of dim= acid-modified epoxy resin (70% by weight in solids content) with 120 parts by weight of

heavy caicium carbanafeds 19;carts-by weight of adwdrecarbar-based selvent, L-part by weight of 5 a
silicone-based anti-foaming agent, and 45 parts by weight of modified polyamine (100% by weight in
solids comtent). 0634 Internediate, CoatingVateriah8 Aftintergiediate coating naterdals was
produced by 10 uniformly mixing 96 parts by weight of soluble polyether oolyol (50 KOHmg/g in
hydroxyl wakrej and SO%<oy weight ire ol sreomtents with<litOpartsby weightaideavy calcium
carbonate A (3 pm in average patrticle size), 10 parts by weight of a hydrocarbon-based solvent, 1 part
by weightef-#5 a silicone-based anti-foaming agent, and 52 parts by weight of isocyanate-terminated
urethane prepolymer A (a product (100% by weight in non-volatile content, and 3% by weight in NCO
content) (g%)t%‘% ion between polye her polyol (2,000 in weight average molecular weight) and

2,4-tolylene 20diisoc¥lanate). [0064] (Production of Top Coating Materials)
Such a top coating layer can be formed by applying

and drying a top coating material capable of satisfying the
10 above requirements. Specifically, a composition containing
a binder and an infrared reflecting powder and/ocr an
infrared transmitting powder can be used as the top coating
material. In addition to these components, if necessary,
the top coating material may further contain any of various
15 additives.
[0045]
In the top coating material, for example, the binder
may be a resin having a hydrophilic group such as a
hydroxyl group, a carboxyl group, an amino group, Or an
20 amide group, a resin having a hydrophilic segment such as
polyalkylene oxide, polyoxazoline, or polyamide, or a
mixture of any of various resins and a hydrophilicity-
imparting component. For example, the resin to be used in
the top coating material may be a vinyl acetate resin, an

25 alkyd resin, a vinyl chloride resin, an acrylic resin, a
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Top Coatinc Material 1 A top coating material 1 was produced by uniformly 25 mixing 188 parts
by weight of non-aqueous dispersion type F-2121335K(SG) acrylic polyol A (50 KOHmg/g in hydroxyl
value, 38C in glass transition temperature, and 50% by weight in solids ¢oriteat} Withk7( g&rts by weight
of ohthalocyan e green, parts by weight of ohthalocyanine blue, 5 parts by weight of peryiene red, 4
parts by weight of benzimidazolone yellow, 23 parts by weight of a hydrocarbon-based solvent, -
by weight of a silicone-basedanti-foaming agent, 6 parts by weight of isocyanura e structure-containing

polyisocyanate ) (100% by weight n.non volatle cate A0 and 2156 by welght NG, contend), and 3

parts by weight of the hydrophilicity-impatting component described below. [0065

Hydrophilicity-lmparting, Companent, It: 100 parts.by. weight of aumethy! silicate 1a.condensgte (1,000 in

weight average molecular weight, 8 in average degree of condensation, and 100% in non-volatile
content) were-added 52 pastspy-welght ehisobutyhaleshgkand 003 partsby weight of dibutyltin

dilaprate as a catalyst. They were mixed and then subjected to 20 demethanolization at 75C for 8
hours, so thatsa hydrophitistty-impartingicompenent wasiebtainedc bhthedwraphiliety-naparting
component, the equivalent ratio of the methyl group to the isobutyl group was 62:38. [0066]
25Meéasurementaf GentacktArglpaF{RL21B338Ky Sl fer r&He topropating imatedal bwas applied to
an aluminum sheet of 150 mm x 70 mm x 1 mm by spray coating so that a 40 pm thick dry _ ilm could
be formed,ianced eddér 7 days emder Aeaalcconditivhsyatehperdtukeef23'0 @and -a relative humidity
of 50%) and then allowed to stand outdoors for 1 month. The teRt sheet obtained by the above
method wak%Aé&sured for contact angle using a contact angle meter model CA-A manufactured by

Hyowa interface Science Co., Ltd. As a result, the contact angle on the top coating material 1 was 35.
[0067] For example, the hydrophilicity-imparting component

may be an inorganic oxide sol, an alkoxysilane compound, or
10 the like. For example, the inorganic oxide sol may be an
aluminum oxide sol, a silicon oxide sol, a zirconium oxide
sol, an antimony oxide sol, or the like. The inorganic
oxide sol or the alkoxysilane compound is particularly
advantageous for suppressing temperature increase.
15 [0047]

Tetraalkoxysilane, a condensate of tetraalkoxysilane,
and modifications thereof may be used as the alkoxysilane
compound. The alkoxysilane compound generally has an
average degree of condensation of 1 to 100, preferably

20 about 4 to about 20.
[0048]

In the invention, the hydrophilicity-imparting
component is preferably a condensate of tetraalkoxysilane
having an alkoxyl group of 1 to 2 carbon atoms and an

25 alkoxyl group of 3 to 12 carbon atoms, in which the alkoxyl
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Top Coating Material 2 A top coating material 2 was produced by uniformly mixing 188 parts by
weight of non-aqueous dispersion type 15 acrylic plyoi A with 18 parts by weight of phthalocyanine
green, 23 parts by weight of a hydrocarbon-based solvent, 1 part by weight ot & sHi€ofe-based
anti-foaming agent, parts by weight of isocyanurate structure-containing polyisocyanate A, and 3 parts
by weight of the 20rophilicity-imparting component The top coating material 2 was measured for
contact angle by the same method as in the case of the top coating material 1, and as a result, the

contactapgl, n e tom oatnamoleral 2.3, 2910098, F-P121399K(56) Top Coating Materil

A top coating material 3 was pro ormly mixing ar ght of non-aqueous

dispersion.type actylic polyal A with 1&%&%@ g@&gm of e@th@k%cy@@%yo%me, 23 parts by weight of
on- ght -

a hydrocar ased solvent, 1 parr by weight of a silicone-based anti-foaming agent, 6 parts by
weight oldsaeyanuraterstructurescpntainingpelyisgoyanate A; andpamts Ry weightf the

hydrophilioity-imparting component. 1CThe top coating material 3 was measured for contact angle by
the samesmethathas imhthercasexefthe top coating:material 4, and@sap asltgthe.gontact angle on the
top coating material 3 was 36'. [0069] Top Coating Material 4 A top coating material 4 was

producecdhby unifarymly mixing 188 patts by weight of momeaqusous-dispersimmtype @crylic polyol B (50
KOHmg/g in hydroxyl value, 32C in glass transition temperature, and 50% by weig.ht in solids 20
content) ¥ithr18garys. by wedghitaf a hanganesedbisaitith complexoxide 023 parts by weight of a
hydrocarbon-based solvent, | part by weight of a silicone-based anti-foaming agent, 6 parts by weight
of isocyaRtifate shdclir&cHrtaifing Polyiseeyanatet A, ARG AFREBY WeiGhtof thé 25
hydrophilicity-imparting component. F-P121333K(SC)
isébutoxy group, a tert-butoxy group, a sec-butoxy group,
an isopentyloxy group, a neopentyloxy group, an isohexyloxy
10 group, a 3-methylpentyloxy group, a l-methylhexyloxy group,
a l-ethylpentyloxy group, a 2,3-dimethylbutoxy group, a
1,5-dimethylhexyloxy group, a Z2-ethylhexyloxy group, a 1-
methylheptyloxy group, or a tert-octyloxy group. Among
them, a branched alkoxyl group is preferred. For example,
15 such a compound can be obtained by a method of modifying a
condensate of tetraalkoxysilane having an alkoxyl group of
1 to 2 carbon atoms by transesterification with an alcohol
of 3 to 12 carbon atoms.
[0049]
20 Such a hydrophilicity-imparting component may be
generally mixed in an amount of 0.1 to 50 parts by weight
(preferably 0.5 to 20 parts by weight) based on 100 parts
by weight of the solid of the resin to form the top coating

material.

25 [0050]
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The top coating material 4 was measured for contact angle by the same method as in the case of the
top coating material 1, and as a result, the contact angle on the top coating material 4 was 54 [0070]
Top Coating Material 5 A top coating material 5 was produced by urifotrty mixikd 188 parts by
weight of non-aqueous dispersion type acrylic polyol B with 7 parts by weight of phthalocyanine 10
green, 3 parts by weight of phthalocyanine blue, 5 parts by weight of peryiene red, 4 parts by weight of
benzimidazol one yellow, 30 parts by weight of a hydrocarbon-based solvent, 1 part by weight of a

silicone-based antirfpaming agent, &-parts;by weight of jsocyanyrate strueture-centaining

polyisocyanate A, and 1 part by weight of the hydrophilicitv-imparting component. The top coating

material 5 wasneasugd fer.centagt-angie by the, same methed as indthe caseof thetop coating
material I, and as a result, the contact angle on the top 20 coating material 5 was 56'. [0071] Top

Coating Material,e. sul fAdeo coatirg matersl Gowas praducedyurifgrmsmixing 188 parts by weight
of non-aqueous dispersion type 25 acrylic polyol A with 7 parts by weight of phthalocyanine
F-P12133% (SCrgreeng 3gattsnbyoweidit of phthatdoyanimeiblae, & parts oy weigheof perylene red, 4
parts by weight of benzimidazoione yellow, 26 parts by weight of a hydrocarbon-based solvent, 1 part
by weight ofal silicorve-18lbased anti-fieamingcagent, rantd 8 parshylwaighk oflisocyanurate
structure-containing polyisocyanate A. The top coating material 6 was measured for contact angle
by the sanfeR@tHistEas i fe'dasesTiRe t6p eFatify materizl 19 aRe B8 &/ fdshit the contact angle on

the top In _Lc.)coating material 6 was 83. FO072] Top Coating Material 7
complex oOxide.

[0051]
On the other hand, for example, the infrared
10 transmitting powder may be a perylene pigment, an azo
pigment, chrome yellow, red iron oxide, vermilion, titanium
red, cadmium red, quinacridone red, isoindolinone,
benzimidazolone, phthalocyanine green, phthalocyanine blue,
cobalt blue, indanthrene blue, ultramarine, iron blue, or
15 the like, and one or more of these materials may be used.
In general, there is a limit to hues that can be produced
using only an infrared reflecting powder, but coatings of
various hues can be formed using an infrared reflecting
powder in combination with an infrared transmitting powder
20 as needed.
[0052]
The infrared reflecting powder and/or the infrared
transmitting powder are/is preferably mixed in an amount
(or total amount) of 1 to 200 parts by welight, more

25 preferably 2 to 100 parts by weight, based on 100 parts by
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A top coating material 7 was produced by uniformly mixing 188 parts by weight of non-aqueous
dispersion type 15 acrylic polyol A withpa s by weight of carbon black, 26 parts by weight of a
hydrocarbon-based solvent, 1 part by weight of a silicone-based anti-féaning layjesk @he)6 parts by
weight of isocyaniirate structure-containing poly socyanate A. 20The top coating material 7 was
measured for contact angle by the same method as in the case of the top coating material 1, and as a
result, the contact angle on the top coating material 7 was 82. [00731 25(Test Example 1)
121338K&,260) %I\éo!g '—&_‘{%l Tesﬁ d o nﬁnti-corrosive gnd rcoatiri%éné?terial was applied by spray

: the . .
coating to ar%%mstmg paint fﬁr%-carrylng aftiminum sheet (%6 mm X Mim X 111, 1:=48) so that a

30 pm thigk o6 im cguid b farmed. Aflep thegoatingyvas deed yndet aormg) epnditiopg for 18 hours,

the intermediate coating material | was applied thereto spray coating so that a 200 pm thick dry film
could be formed, apd then dried 4inder normalconditionsfor, 24 fggésf 10 subsequently, the top

coating material | was applied thereto by spray coating so that a 40 pm thick dry film could be formed,

and driediundetrnormal eenditions for J-daysy and then allowed teistangr-outdeers for 1 month. [0074]
15The test sheet obtained by the above method was horizontally placed, and water was continuously

scatteredifor tamiadtecet the sheet fram3=m abovedisinga showves neazler Busing thisperiod, the
noise level was measured using a sound level meter, which was placed 10 cm apart

powder described above.

[0053]

In the invention, the top coating layer can be formed

by applying and drying the top coating material described
10 above. Any appropriate coating method may be used, such as
spray coating, roller coating, or brush coating. The
drying may be performed at normal temperature. The top
coating layer generally has a thickness of 200 um or less,
preferably 10 to 150 um.
15 [0054]

In the invention, the intermediate coating layer and
the top coating layer, or the undercoating layer, the
intermediate coating layer, and the top coating layer are
stacked in this order on the outdoor side surface of a

20 metal roof of an existing architectural structure, and the
top coating layer forms the uppermost surface of the
laminated film. As long as the effects of the invention
are not significantly impaired, a middle layer may also be

provided between the intermediate coating layer and the top

25 coating layer, if necessary.
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20 from the back surface of the test sheet. The noise level was evaluated according to the criteria
below. A: less than 80 dB B: from 80 d.2 to less than 85 dB 0: from 85 dB to less than 90 dB 25D: 90
d.3 or more F-5121335K(SG) <Adhesion Test> A test sheet was pr%bg}e?dlt}); the'siime
procedure as in the case of the "noise level test" (except that an aluminum sheet of 150 mm x 70 mm
x 1 mm was used instead). [0076] The test sheet obtained by the above method was immersed in
warm water at 50C for 72 hours and then evaluated for adhesion by the cross-cut tape method 10
according to J.-15 K 5600-5-6. The evaluation criteria were as follows. A: The lost area was less than
5%. B: The lost area was from 5% to less than 15%. C: The lost area was 15% or more. 15[0077]
<Temperattx@ Wrrease Suppression Test> A test sheet was prepared by the same procedure as
in the case of the "nose level test". [007E3] 20The test sheet obtained by the above method was
irradiated withh an infrared ray lamp at a distance of 20 cm, and the temperature of the back surface of
the test sheet was measured at the time when the increase in temperature reached equilibrium. The
evaluation criteria Wereagafter, examples and comparative examples are
5 shown to describe the features of the invention more
specifically.
[0056]
(Production of Intermediate Coating Materials)
Intermediate Coating Material 1
10 An intermediate coating material 1 was produced by
uniformly mixing 130 parts by weight of urethane-modified
epoxy resin (a glycidol adduct (70% by weight in a non-
volatile content) of isocyanate-terminated urethane
prepolymer (a product of reaction between polyether polyol
15 (1,000 in welght average molecular weight) and 2,4-tolylene
diisocyanate) with 120 parts by weight of heavy calcium
carbonate A (3 um in average particle size), 24 parts by
welght of a hydrocarbon-based solvent, 1 part by weight of
a silicone-based anti-foaming agent, and 9 parts by weight
20 of modified polyamine (100% by weight in solids content).
[0057]
Intermediate Coating Material 2
An intermediate coating material 2 was produced by

uniformly mixing 104 parts by weight of scluble acrylic

25 polyol A (50 KOHmg/g in hydroxyl value, 34°C in glass
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25follows. 3-P12133SK(SG) A: The temperature of the back. surface of the test sheet was less
than 65C. D.: The temperature of the back surface of the test sheet was from 65C to less than
70C. C: The temperature of the back surface of the test sheet was fropy 270G 1 Yke%ség1an 75C.

D: The temperature of the back surface of the test sheet was 75C or more. :0079] 10<Noise Level Test
after Accelerated Degradation> Test thee s were prepared by the same procedure as mn the
case of the "noise level test" (except that two pieces of aluminum sheet of 330 mm x 150 TM X 1 mm
were used instead in each case). [0080] The test sheets obtained by the above method were
exposed intgiraccdléated Weatharingimaching (METALY WEATHER, masufacteired by DAIPLA
WINTES Co., LTD.) for 240 hours and then measured for noise level by the same method as in the 20
case of the®Nioisa Teveltest:, This Bt WaS PEfBfmed withfre8pecttoFest Examples 2 and 18. [008-]
The test results are shown in Table 1. In Test Example 1, 31000' results were obtained in all tests. R
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weight of a hydrocarbon-based solvent, 1 part by weight of
5 a silicone-based anti-foaming agent, and 52 parts by weight
of isocyanate-terminated urethane prepolymer A (a product
(100% by weight in non-volatile content, and 3% by weight
in NCO content) of reaction between polyether polyol (2,000
in welght average molecular weight) and 2,4-tolylene
10 diisocyanate) .
[0058]
Intermediate Coating Material 3
An intermediate coating material 3 was produced by
uniformly mixing 104 parts by weight of soluble acrylic
15 polyol A with 225 parts by weight of heavy calcium
carbonate A, 25 parts by weight of a hydrocarbon-based
solvent, 1 part by weight of a silicone-based anti-foaming
agent, and 52 parts by weight of isocyanate-terminated
urethane prepolymer A.
20 [0059]
Intermediate Coating Material 4
An intermediate coating material 4 was produced by
uniformly mixing 104 parts by weight of soluble acrylic
polyol A with 95 parts by weight of heavy calcium carbonate

25 A, 25 parts by weight of titanium oxide A (0.3 um in
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average particle size), 10 parts by weight of a
hydrocarbon-based solvent, 1 part by weight of a silicone-
based anti-foaming agent, and 52 parts by weight of
isocyanate-terminated urethane prepolymer A.
5 [0060]
Intermediate Coating Material 5
An intermediate coating material 5 was produced by
uniformly mixing 104 parts by weight of soluble acrylic
polyol A with 350 parts by weight of heavy calcium
10 carbonate A, 40 parts by weight of a hydrocarbon-based
solvent, 1 part by weight of a silicone-based anti-foaming
agent, and 52 parts by weight of isocyanate-terminated
urethane prepolymer A.
[0061]
15 Intermediate Coating Material 6
An Intermediate coating material ¢ was produced by
uniformly mixing 104 parts by weight of scoluble acrylic
polyol A with 15 parts by weight of heavy calcium carbonate
A, 2 parts by weight of a hydrocarbon-based sclvent, 1 part
20 Dby weight of a silicone-based anti-foaming agent, and 52
parts by welght of isccyanate-terminated urethane
prepoclymer A.
[0062]
Intermediate Coating Material 7

25 An intermediate coating material 7 was produced by
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uniformly mixing 55 parts by welght of dimer acid-modified
epoxy resin (70% by weight in solids content) with 120
parts by welight of heavy calcium carbonate A, 15 parts by
weight of a hydrocarbon-based solvent, 1 part by weight of
5 a silicone-based anti-foaming agent, and 45 parts by weight
of modified polyamine (100% by weight in solids content).
[0063]
Intermediate Coating Material 8
An intermediate coating material 8 was produced by
10 uniformly mixing 96 parts by weight of soluble polyether
polyol (50 KOHmg/g in hydroxyl value, and 50% by weight in
solids content) with 110 parts by weight of heavy calcium
carbonate A (3 um in average particle size), 10 parts by
weight of a hydrocarbon-based solvent, 1 part by weight of
15 a silicone-based anti-foaming agent, and 52 parts by weight
of isocyanate-terminated urethane prepolymer A (a product
(100% by welght in non-volatile content, and 3% by weight
in NCO content) of reaction between polyether polyol (2,000
in weight average molecular weight) and 2,4-tolylene
20 diisocyanate).
[0064]
(Production of Top Coating Materials)
Top Coating Material 1
A top coating material 1 was produced by uniformly

25 mixing 188 parts by weight of non-aqueous dispersion type
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acrylic polyol A (50 KOHmg/g in hydroxyl value, 38°C in
glass transition temperature, and 50% by weight in solids
content) with 7 parts by weight of phthalocyanine green, 3
parts by weilght of phthalocyanine blue, 5 parts by weight
of perylene red, 4 parts by weight of benzimidazolone
yellow, 23 parts by weight of a hydrocarbon-based solvent,
1 part by weight of a silicone-based anti~foaming agent, 6
parts by weight of isocyanurate structure-containing
polyisocyanate A (100% by weight in non-volatile content,
and 21% by weight in NCO content), and 3 parts by weight of
the hydrophilicity-imparting component described below.
[0065]

Hydrophilicity-Imparting Component

To 100 parts by weight of a methyl silicate
condensate (1,000 in weight average molecular weight, 8 in
average degree of condensation, and 100% in non-volatile
content) were added 52 parts by weight of isobutyl alcohol
and 0.03 parts by weight of dibutyltin dilaurate as a
catalyst. They were mixed and then subjected to
demethanolization at 75°C for 8 hours, so that a
hydrophilicity-imparting component was obtained. In the
hydrophilicity~imparting component, the eguivalent ratio of
the methyl group to the isobutyl group was 62:38.
[0066]

Measurement of Contact Angle
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;post2- rem.-re-4eu; br7=froToop s _ F-812133SK(SG) [0083] (Test Examples 2 to 8) Test sheets
were prepared by the same method as in Test Example I, except that the intermediate coating 5

materials and the top coating materials shown in Table 1 were used insEtgeE} , alnzd%?%\i&tgft was
performed. The results are shown in Table 1. In Test Examples 2 to 8, good fesults were obtained in

all tests. [00841 10(Test Examples 9 to 11) Test sheets were prepared by the same method as in
Test Example |, except that the intermediate coating materials and the top coating materials shown in
Table 2 were used instead, and each test was performed. The 15results are shown in Table 2. In Test
Examples 9 to 11Tsatisfagtonoresutiy wene el ebtainechivn contrastto TestExamplesriuto 8. (Test
Example 12) 20Test sheets were prepared by the same method as in Test Example 1, except that
after the aftieedrrosive bAdeveoating miateral wasiapplieth; they topredating materiak t was applied
directly onto the undercoating, and each test was performed. The results are shown in Table 2. In Test
Example 2, satistactory résuilts wefe fistobtaffed. Fpa21388K(Scied for 7 days

under normal conditions (a temperature of 23°C and a

5 relative humidity of 50%) and then allowed to stand
outdoors for 1 month. The test sheet obtained by the above
method was measured for contact angle using a contact angle
meter model CA-A manufactured by Kyowa Interface Science
Co., Ltd. As a result, the contact angle on the top

10 coating material 1 was 35°.
[0067]

Top Coating Material 2

A top coating material 2 was produced by uniformly
mixing 188 parts by weight of non-aqueous dispersion type

15 acrylic polyol A with 18 parts by weight of phthalocyanine
green, 23 parts by weight of a hydrocarbon-based solvent, 1
part by weight of a silicone-based anti~-foaming agent, 6
parts by welght of isocyanurate structure-containing
polyisocyanate A, and 3 parts by weight of the

20 hydreophilicity-imparting component.

The top coating material 2 was measured for contact
angle by the same method as in the case of the top coating
material 1, and as a result, the contact angle on the top
coating material 2 was 37°.

25 [0068]
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0086: (Test Example 13) Test sheets were prepared by the same method as in Test Example 1,
except that after the anti-corrosive undercoating material was applied, the top coating material 5 was
applied directly onto the undercoating, and each test- was performed. Th?réi@lfs%r%%%@n in Table
2. In Test Example 13, satisfactory results were not obtained. [0087] 10(Test Examples 14 to 16)
Test sheets were prepared by the same method as in Test Example 1, except that the intermediate
coating materials and the top coating materials shown in Table 2 were used instead, and each test
was performed. Therdgresyls are;shewain Jabte 2. In Test Examples 14 to 16, satisfactory results
were not obtained. [COW (Test Example _ Test sheets were prepared by the same method as in 20
Test Example |, except that the intexmediatercodting materialand theitap,ceatinganateyial shown in
Table 2 were used instead and that the intermediate coating material was applied so that - 30 Lam
thica dry filmiceutdzbé férmed; andeachaestwas performedEloe: resiltsare showntigdable 2. 25 In
Test Example 17, satisfactory results were not obtained. F-P12133SK(SG) [0089] (Test Example 18)
Test sheetsawérelprepardd/by: the garhe méthpdassintTest Exahiple 1, ekéept thatthe imermediate
coating material and the top coating material shown in Table 2 were used instead, and each test was
perforgfied. TheGesults BRI SHowWY in'falle 2. Thedre8iR 6P e RGise favet fest aftéPaéeelérated

degradation was better in Test Example 2 than in Test Example 14. Test Example
part by weight of a silicone-based anti-foaming agent, 6

parts by weilght of isocyanurate structure-containing
polyisocyanate A, and 3 parts by weight of the
hydrophilicity-imparting component.

10 The top coating material 3 was measured for contact
angle by the same method as in the case of the top coating
material 1, and as a result, the contact angle on the top
coating material 3 was 36°.

[0069]
15 Top Coating Material 4
A top coating material 4 was produced by uniformly
mixing 188 parts by weight of non-aqueous dispersion type
acrylic polyol B (50 KOHmg/g in hydroxyl value, 32°C in
glass transition temperature, and 50% by weight in solids

20 content) with 18 parts by weight of a manganese-bismuth
complex oxide, 23 parts by weight of a hydrocarbon-based
solvent, 1 part by weight of a silicone-based anti-foaming
agent, 6 parts by weight of isocyanurate structure-
containing polyisocyanate A, and 1 part by weight of the

25 hydrophilicity-imparting component.
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The top coating material 4 was measured for contact
angle by the same method as in the case of the top coating
material 1, and as a result, the contact angle on the top
coating material 4 was 54°.

5 [0070]

Top Coating Material 5

A top coating material 5 was produced by uniformly
mixing 188 parts by weight of non-agqueous dispersion type
acrylic polyol B with 7 parts by weight of phthalocyanine

10 green, 3 parts by weight of phthalocyanine blue, 5 parts by
welght of perylene red, 4 parts by weight of
benzimidazolone yellow, 30 parts by weight of a
hydrocarbon-based solvent, 1 part by weight of a silicone-
based anti~foaming agent, 6 parts by weight of isocyanurate

15 structure~containing polyisocyanate A, and 1 part by weight
of the hydrophilicity-imparting component.

The top coating material 5 was measured for contact
angle by the same method as in the case of the top coating
material 1, and as a result, the contact angle on the top

20 coating material 5 was 56°.
[0071]

Top Coating Material 6

A top coating material ¢ was produced by uniformly
mixing 188 parts by weight of non-agqueous dispersion type

25 acrylic polyol A with 7 parts by weight of phthalocyanine
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green, 3 parts by weight of phthalocyanine blue, 5 parts by
weight of perylene red, 4 parts by weight of
benzimidazolone yellow, 26 parts by weight of a
hydrocarbon-based solvent, 1 part by weight of a silicone-
based anti-foaming agent, and 6 parts by weight of
isocyanurate structure-containing polyilsocyanate A.

The top coating material 6 was measured for contact
angle by the same method as in the case of the top coating
material 1, and as a result, the contact angle on the top
coating material © was 83°.

[0072]

Top Coating Material 7

A top coating material 7 was produced by uniformly
mixing 188 parts by welght of non-agueous dispersion type
acrylic polyol A with 18 parts by weight of carbon black,
26 parts by weight of a hydrocarbon-based solvent, 1 part
by welght of a silicone-based anti-foaming agent, and 6
parts by weight of isccyanurate structure-containing
polyisocyanate A.

The top coating material 7 was measured for contact
angle by the same method as in the case of the top coating
material 1, and as a result, the contact angle on the top
coating material 7 was 82°.

[0073]

(Test Example 1)
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<Noise Level Test>

An anti-corrosive undercoating material was applied
by spray coating to an existing paint film-carrying
aluminum sheet (300 mm x 300 mm x 1 mm, L'=48) so that a 30
pm thick dry film could be formed. After the coating was
dried under normal conditions for 18 hours, the
intermediate coating material 1 was applied thereto by
spray coating so that a 200 pm thick dry film could be
formed, and then dried under normal conditions for 24 hours.
Subsequently, the top coating material 1 was applied
thereto by spray coating so that a 40 um thick dry film
could be formed, and dried under normal conditions for 7
days, and then allowed to stand outdoors for 1 month.
[0074]

The test sheet obtained by the above method was
horizontally placed, and water was continuously scattered
for 1 minute on the sheet from 3 m above using a shower
nozzle. During this period, the noise level was measured
using a sound level meter, which was placed 10 cm apart
from the back surface of the test sheet. The noise level
was evaluated according to the criteria below.

A: less than 80 dB

B: from 80 dB to less than 85 dB

C: from 85 dB to less than 90 dB

D: 90 dB or more
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[0075]

<Adhesion Test>

A test sheet was prepared by the same procedure as in
the case of the "noise level test" (except that an aluminum

sheet of 150 mm x 70 mm x 1 mm was used instead).
[0076]

The test sheet obtained by the above method was
immersed in warm water at 50°C for 72 hours and then
evaluated for adhesion by the cross-cut tape method
according to JIS K 5600-5-6. The evaluation criteria were
as follows.

A: The lost area was less than 5%.

B: The lost area was from 5% to less than 15%.

C: The lost area was 15% or more.

[0077]

<Temperature Increase Suppression Test>

A test sheet was prepared by the same procedure as in
the case of the "noise level test".

[0078]

The test sheet obtained by the above method was
irradiated with an infrared ray lamp at a distance of 20 cm,
and the temperature of the back surface of the test sheet
was measured at the time when the increase in temperature

reached equilibrium. The evaluation criteria were as

follows.
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A: The temperature of the back surface of the test
sheet was less than 65°C.

B: The temperature of the back surface of the test
sheet was from 65°C to less than 70°C.

C: The temperature of the back surface of the test
sheet was from 70°C to less than 75°C.

D: The temperature of the back surface of the test
sheet was 75°C or more.

[0079]

<Noilse Level Test after Accelerated Degradation>

Test sheets were prepared by the same procedure as in
the case of the "noise level test" (except that two pieces
of aluminum sheet of 300 mm x 150 mm x 1 mm were used
instead in each casej.

[0080]

The test sheets obtained by the above method were
exposed in an accelerated weathering machine (METAL WEATHER,
manufactured by DAIPLA WINTES Co., LTD.) for 240 hours and
then measured for noise level by the same method as in the
case of the "noise level test". This test was performed
with respect to Test Examples 2 and 18.

[0081]
The test results are shown in Table 1. In Test

Example 1, good results were obtained in all tests.
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[0083]

(Test Examples 2 to 8)

Test sheets were prepared by the same method as in
Test Example 1, except that the intermediate coating

5 materials and the top coating materials shown in Table 1

were used instead, and each test was performed. The
results are shown in Table 1. In Test Examples 2 to 8,
good results were obtained in all tests.
[0084]

10 (Test Examples 9 to 11)

Test sheets were prepared by the same method as in
Test Example 1, except that the intermediate coating
materials and the top cocating materials shown in Table 2
were used instead, and each test was performed. The

15 results are shown in Table 2. In Test Examples 9 to 11,
satisfactory results were not obtained in contrast to Test
Examples 1 to 8.

[0085]
(Test Example 12)

20 Test sheets were prepared by the same method as in
Test Example 1, except that after the anti-corrosive
undercoating material was applied, the top coating material
1 was applied directly onto the undercoating, and each test
was performed. The results are shown in Table 2. In Test

25 Example 12, satisfactory results were not obtained.
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[0086]
(Test Example 13)
Test sheets were prepared by the same method as in
Test Example 1, except that after the anti~corrosive
5 undercoating material was applied, the top coating material
5 was applied directly onto the undercoating, and each test
was performed. The results are shown in Table 2. 1In Test
Example 13, satisfactory results were not obtained.
[0087]
10 (Test Examples 14 to 16)
Test sheets were prepared by the same method as in
Test Example 1, except that the intermediate coating
materials and the top coating materials shown in Table 2
were used instead, and each test was performed. The
15 results are shown in Table 2. In Test Examples 14 to 16,
satisfactory results were not obtained.
[0088]
(Test Example 17)
Test sheets were prepared by the same method as in
20 Test Example 1, except that the intermediate coating
material and the top coating material shown in Table 2 were
used instead and that the intermediate coating material was
applied so that a 30 um thick dry film could be formed, and
each test was performed. The results are shown in Table 2.

25 In Test Example 17, satisfactory results were not obtained.
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[0089]

{(Test Example 18)

Test sheets were prepared by the same method as in
Test Example 1, except that the intermediate coating
material and the top coating material shown in Table 2 were
used instead, and each test was performed. The results are
shown in Table 2. The result of the noise level test after
accelerated degradation was better in Test Example 2 than

in Test Example 18.
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1. A method of forming a coating, comprising: forming an intermediate coatina layer on an outdoor 5
side surface of a metal roof of an existing architectural structure, wherein the intermediate coating

layer comprises a dispersion of 30 to 300 parts by weight of inorganic particles in 100 parts by weight
of a resin matrix derived from a urethane prepolymer and has a thickness of 50 to 101,000 pm; and

forming a top coating layer on the intermediate coating layer, wherein the top coating layer contains
an infrared reflecting pow er and/or an infrared transmitting powaer, and water has a contact angle of

Cogting structure obtained by the coating forming method

70%
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CLAIMS

1. A method of forming a coating, comprising:

forming an intermediate coating layer on an outdoor
side surface of a metal roof of an existing architectural
structure, wherein the intermediate coating layer comprises
a dispersion of 30 to 300 parts by weight of inorganic
particles in 100 parts by weight of a resin matrix derived
from a urethane prepolymer and has a thickness of 50 to
1,000 um; and

forming a top coating layer on the intermediate
coating layer, wherein the top coating layer contains an
infrared reflecting powder and/or an infrared transmitting
powder, and water has a contact angle of 70° or less on the

coating formed.

2. A coating structure obtained by the coating

forming method according to claim 1.
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