DESCRIPTION TITLE OF THE INVENTION: 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 earihgbiake gasiskance, 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 handymetal sheettof matesiatspmhich are significantly lighter than roof tile materials, have 25

been recently often used in various architectural structures. Steel sheets with painted surfaces are
generally used for sudhmmetaf oeofs NG niketrHebe [pNberTnse sbfalimy mRTeosech metal roofs used in
architectural structures tends to be higher, which is not 5 preferred for living conditions, etc. [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
5 TECHNICAL FIELD
[0001]
The invention relates to a method of forming a
coating on a metal rocf 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 tileg, éement 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 earthguake 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 been recently often used in various arxchitectural



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 15 a metal
roof structure including a metal roofing material, a damping adhesive layer, and a backing material.
[0005] Unfortunately, if 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 aad.giber pragesses will be negessary, whichymay Jead io.exjeasive construction.
[0006] 250n the other hand, JP-A No. 2003-238897 {Patent Document 3) discloses a method of

forming a sguRd-iasulating eeating; which incliudes apRIY¥IAg a pait seposition fog fprming a soft paint
film and then applying another paint composition for forming a hard paint film 5 onto the soft paint film.

The technigud gisclosedan Patent-Rocurmeanisismappliegitothe pytdogs side,of a metal roof, which can
also be performed to refurbish the metal roof at the same time. [0007] 10Unfortunately, in some cases,
satisfactory petidmearcerednrot bechiaimedfenrain toiseaedtolicir-andiailzer puspeseas only by
simply stacking coating compositions for forming soft and hard paint films as disclosed in Patent
Docurfent Br&5[008f foOnltheistherhadd,ihassentatears, there has been a move afoot to reduce
power consumption for air conditioning used in buildings in view of environmental protection, energy
saving, etc.[¥8Méet 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 Document 4)
discloses that a pa#ﬁ%oﬁ?ﬁ%@ﬁ%ﬁ COMERMRITOIRM-E&ranii®B ity paritIéfata ARfrconcentration is
applied to a( E%ofAr?atl{Tarial. 25[0009
- 0. 2000-6

512 (Patent Document 1) discloses a
method of reducing rain ncige on a metal roof; which

10 includes placing a heat insulator made of a gynthetic resin
foam, - a rubber foam, or the 1ikelon the back surface
(indoor side) of a metal roof. JP-A No. 2005-9205 (Patent
Document 2) alsc discloses a méthod of reducing rain noise
by using a damping adhesive with a specific loss factor in

15 a metal roof structure including a metal roofing material,
a damping adhesive 1ayef,'and a backing material.
[0005]

Unfortunately, if the.méthods disclosed in these

patent documents, which are all directed to indoor side

2¢ 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. 2003-23889%7 {Patent



Unfortunately, a sufficient rain noise-reducing effect cannot be expected even if the paint composition
as disclosed in Patent Document 4 is applied to roof materials. 5 PRIOR ART DOCUMENTS Patent
Documents 10 [0010] Patent Document Patent Document Patent Document Patent Document 1: 2: 3:
4: JP-A No. JP-A No. JP-A No. JP-A No. 2000-64512 2005-9205 2003-238897 2004-10903
SUMMARY OF THE INVENTION PROBLEMS TO BE SOLVED BY THE INVENTION

Document 3) discloses a method of forming a sound-
insulating coating, which includes applying a paint
compogition for forming a soft paint film and then applying
another paint composition for forming a hard paint £ilm

5 onto the soft paint f£ilm. The technigue disclosed in
Patent Document 2 is appiied to the outdoor side of a metal
roof, 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 techniques 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]



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 roof formed
in an existing architectural 20 structure and also suppress direct sunlight-induced temperature
increase. MEANS FOR SOLVING THE PROBLEMS [0012] 25As a result of earnest studies to solve
such problems, 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 surfacg@f.a-metaldoel,of an o.exjstingarchiteciiiral strugtuye. dhe eyl of the noise of

raindrops falling on the metal roof can be kept low, and the temperature increase during direct solar
iradiation e alse kexsuRiMepsed:I0RL3]L) Thpisn therinvaation, isgir Miition als @ method of
forming a coating, including: forming an intermediate coating layer on the outdoor side surface of
a metal rodf Df abcesdstinprarehiteciurabstrusiire, whereinthelintimesliate cpaking dayes ircludes 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
powde¥ and/Ean iRRAradFaREMiRfng 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 Attt DOoFRRETFSSOF THE INVENTION
[o010]

Patent Document 1: JP-A No. 2000-64512
Patent Document 2: JP-A No. 2005-$205
10 Patent Document 3: JP-A No. 2003-238897

Patent Document 4: JP-A No. 2004-10902

SUMMARY OF THE INVENTION
PROBLEMS TC 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
ncise on a metal roof 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,



[0014] According to the invention, rain noise on a metal 5 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 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

INVENTIOMNJQO15),ert HieLeinalier, smbagimentsier cagying., it the ipventan will beydescribed.

[0016] 20The coating forming method of the invention is performed on the outdoor side surface of a

metal roof efi aig existingarchitestural steacturey [QQLAlxamaplgs obthe base material that forms the
metal 25 roof include a metal sheet such as a steel sheet, a stainless steel sheet, an aluminum sheet,

an aluminuhhalieynsheet; or acoppayshesicandadglatesbuetat sheebgudbasang layer
zinc-aluminum-alloy-plated steel sheet such as a Galtite or Galvalume steel sheet, an aluminum-plated
steel sheet] 5 diearriad-ptatetistechshéetT hebésheets may also bemoatdd with fatidustypes of
paint or the like. The thickness of such a base material is generally from about 0.2 to about 2 mm.
[0018F10THE imertidnecart iy sbodtlarsfdvaritageoud-éffedievel of the noise of

raindrops falling on the metal roof can be kept low, and
the temperature increase during direct solar irradiation
can also be suppresgsed.
[0013]
10 Thus, the invention is directed to:
1. a method of forming a ceating, including:..
forming an intermediate coating 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 um; and
forming a top coating layer on the intermediate
20 coating layer, wherein the top cocating 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 (1,*) of such an existing paint film is preferably 80 or less, more preferably 60 or less.
The lightness (I") is a 15 value in the CIE Lta*b* 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 reducing rain

noise, the effast et suppressingtgnaeralyre increase, or other effects. [0020] An anti-corrosive paint
composition containing a 5 resin and an anti-corrosive pigment or the like as essential components

may be usehdnsuch 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 other resin. The
10 resin may be useddp tidd farncef a selulinnea dispersienior asixerenf hemst{8021] A
commercially available or known material may be used as the anti-corrosive pigment. Examples
includé a 15ghibsphatesbased armti-earresive pigmehtisigchtas zihcphosphates iroaphosphate, or
aluminum phosphate, a phosphite-based anti-corrosive pigment such as zinc phosphite, iron
phosphite, BeakfRAUAPPINESpietet AymenBdaeisasetvaitizcorBsveipigmrht sercleasealcium 20
molybdate, aluminum molybdate, or barium molybdate, a vanadium-based anti-corrosion pigment such
as vanadiufirfife landathibrmatd-BaseParfTorreBRedigneht SUeH agtroAtdiaeriomate, zinc
chromate, calcium chromate, potassium chromate, or barium chromate. Based on 100 parts 25 by

weight of tHE'S3IRPSEtheReSHCtHEAREEGTBSGe OF Toof 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 refurbigh a metal rocf at the same time, which

also contributes to improvements in the esthetic quality of

architectural structures.

15 EMBODIMENTS FOR CARRYING OU’f THE INVENTION
[0015]

Hereinafter, embodiments for carrying out the
invention will be described.
[001§]

20 The coating forming method of the invention is
performed on the ocutdoor 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



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] 5The undercoating layer can be formed by applying an
anti-corrosive paint composition as described above and drying the composition. The application
method to be used 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 O to about 40C) The
thickness of the undercoating layer is generally from about 5 to about 200 pm, preferably from about

10 0 about 100 pin. 10021 154n the ivention.Jie terpediats coating laygrisfgmed ppne base

material optionally provided with the undercoating layer as described above. The intérmediate coating

layer is madg of an igtermedigie coating materalincluding a.dispersion ghinorgadic.padicles in a resin

20 matrix derived from a urethane prepolymer. In the invention, the use of such a material enables an

increase inghe thigknessm sHengtn apd giher-prapsetiesofdhe intesnediatasceatingnlayel which is also
highly effective in reducing rain noise, suppressing temperature increase, 25 and improving adhesion

and other preperdiesa [Q24]dn dhe intewaediatecedtingimaterial. dhe desin geatrixgesived from a
urethane prepolymer has a continuous phase formed of a polymer containing the reaction product 5 of
the uréthanerprepolymerp lettednsertdn, shease ofBueha spesificresiymaltriocar: enhance the
effect of reducing rain noise and other effects. [0025] For such a matrix, the urethane prepolymer,
which has coated with various types of paint or the iike. The
thickness of such a base material ig generally 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") of such an existing paint film is preferably 80 or
less, more preferably 60 or less. The lightness (L') ig a
15 value in the CIE L'a’b’ color space, which can be measured
using a spectrophotometer.
[o019]
In the invention, the intermediate coating layer may
be formed directly on the base material, but alternatively
20 an underceoating layer of anti-corrogive paint or the like
may also be formed on the base material. In the invention,
when such an underccating layer is formed, the advantageous
effects of the invention can be obtained for a long period

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

25 an undercoating layer doeg not interfere with the effect of



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
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] 20The
polyisocyanate compound may be aliphatic, alicyclic, or aromatic polyisocyanate used in general
production of polyurethane. Specific examples include tetramethylene diisocyanate, hexamethylene

diisocyanatg, d.4:¢yglohexane diisocyapate, é&ggyc@@e&m@%ﬁ&g déiéﬁé@}ﬁéﬁgéophomne

diisocyanate, 2,4-tolylene diisocyanate, 2,6-tolylene diisocyanate, m-xyfene diisocyanate, and

4,4'-diphenylpetbane diisocyanats. [00281-Fhe reaction ratio between the polyol compound and 5 the
polyisocyanate compound may be set in such a manner that the isocyanate group in the

polyisocyanatezgmpound is excessive relative to the hydroxyl group in the polyol compound, and in
general, it is preferably set in such a manner that NCO/OH is from about 1.2 to about 2.2. 10[0029]

In the intesmediatezapadingimateriah she sesin Mmatrix captaiis atleasta paddiici @f seaction between
the urethane prepolymer and an active hydrogen-containing compound. The active
hydrogen-costdiningrsbmpowrd-is-a &5 coapornd capabie ofretioing. with the isocyanate group of the
urethane prepolymer. Examples of such an active hydrogen-containing compound that may be used
include an aAfRE GicUb-CORARITESpaYinBand2ehydrokyl gretip-cormaimmeddrhpound. 20[0030]

Specific examples of the amino group-containing compound include aromatic, aliphatic, or heterocyclic
for example, the resin may be a vinyl chloride regin, an

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

10 zresin 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 ag 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 scolid of the resin, the anti-corrosive



polyamines, and modifications thereof, such as epoxide addition products thereof, amidation products
thereof, and 25 Mannich reaction products thereof. [0031] Examples of the hydroxyl-group
containing compound include a polyol compound such as polyether polyol, polyester polyol, or acrylic
polyol, and a hydroxyl group- 5 containing vinyl compound, a hydroxyl group-containing 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 gllowsd. tosreact with the hydraxy! graup-coitaining gpgxy,compound, an

amino group-containing compound or the like may be further added so that the residual epoxy group
can undergesa-£eAGlipNwH Y BAItICUIREthe st Xyl SERUP-goNtaining, samPPpRd s preferaply 15 acrylic
polyol. [0032] Examples of the inorganic particles to be used include heavy calcium carbonate,
precipitateerealgitm 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 Whictihay be used. The inorganic particles preferably have an average particle size of 0.1
to 100 pm (more preferably 0.2 to 50 um, even more 25 preferably 0.3 to 20 pm). [0033] The
intermediate coatinfaysrsiefarablyicuntdiay $0% by Wedglitcommdréofmenrepireiergblri70% by weight
or more) of inorganic particles with an average particle size 5 of 0.5 to 100 pm (preferably 1 to 50 pm,
more prefefdbly 2302005 hY Baded Bh tRetsiarambant afthddacaybpiSpadtieles. Snéh a feature of the
inorganic particles is advantageous in increasing the thickness, reducing rain noise, and suppressing
temperatureicradsE MFO[BOBEPFHE LGRtent DRt ERPIGEHE BaRticleS PR eliftdPPedrid coating layer

may be from 30 to 300 parts b%/ . , ,
may be any appropriate cocating 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 lavyer ié generally from
about 5 to about 200 um, preferably from about 10 to aboub
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 enablegs an increase
in the thickness, strength, and other properties of the
intermediate coating layer, which is also highly effective
in reducing rain noise, suppressing temperature increase,

25 and improving adhesion and other properties.



weight (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 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 intermediate
coating layer can also be sufficiently effective in suppressing temperature 25 increase. It is considered
that the interaediate coating layer can produce the effect of suppressing temperature increase by
efficiently blocking sunlight. Although the mechanism of it remains unclear, it is considered that the

intermediate coatingayelCame@iaia selatively highy5eantent #1 thecinerganig particles and be
made relatively thick, so that the intermediate coating layer can sufficiently produce complex

light-refractian effectde [OD364 If thewoatent of themin organe patticle indhe lfdntermesiaie coating
layer is too low, it may be difficult to obtain a thick coating, and the coating may have insufficient
strength, spllzatdhé effeetiofrEdacinglraremoiseror supprassiritetemparatice incredse; the adhesion,
or other properties may be insufficient. If the content of 15 the inorganic particles is too high, it may be
difficul® to sbiaiflthe wifeehafredptirigoEiMmAdise Suffiiaatlyjoesr]ion, Stble andatenfiediate coating
layer can be formed by applying and drying an intermediate coating material 20 containing a urethane
prepolymef #rtactiveRf/ -E6FthThiRG EBApotRE, SRE-AF§aritpaticdes ordy applying and
drying an intermediate coating material containing a product of reaction between a urethane
prepolymeF &8 R &3 grétp-E6n &ilfin G ERGXy E5MpoERAd, 25 an amino group-containing
compound, %r&d2|5 organic particles. The intermediate coating material may be of an aqueous type or a
solvent (o‘réanlc solvent) type. Specifically, when the former type of intermediate coating material is

used, the resin matlgi‘:))(rcan b(—i‘}formedt@/ia pr%%essuigclgﬁggé Ergnﬁl)éllﬁgf{% gretha e gkrle%%%mer and the
allowingthemtore

active hydrogen compou%lilzlca the fifme of éoatlneé and oreact'in the process of forming

a coafing. Indhisype of intermaediate coating.malgtial,dhessolid weightratio of the urethane
prepolymer to the active hydrégen compound is 10 preferably from 50/100 to 400/100, more preferably
from obtained by reaction of a polyol compound with excess of a
polyisocyanate compound.
[0026]
For example, the polycl 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



70/100 to 200/100, even more preferably from 90/100 to 150/100. When the latter type of intermediate
coating material is 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] 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 g mgg'eg,btﬁg{{:ée’ra@,r%._[@%%h%@l@Qim%rg&%%tgt@ptmg}@@_rrg_@neralIy has a thickness
of 50 to 1,000 pm, preferably 100 to 500 pm. If the thickness of the intermediate coating layer is less

than 50 pny itimay-pegifiicultie btain the gfackpiTRducing saiRiN0ise- Ok sURRIEsSsINg temperature
increase 5 sufficiently. If the thickness is more than 1,000 pm, the load of the intermediate coating
layer may be b, which is disadvantageous in reducing the weight load on an architectural structure.
[0040] 10In the invention, a top coating layer is formed on the intermediate coating layer, in which the
top-coating layer caiainsearinfrane d séflarcting poveder tamnd/ralyinirareohiransmiittimgi powder, and
water has a contact angle of 70 or less (hereinafter also simply referred to as 15 "contact angle™) on
the coatingtformed 1 inithedksastion, aampremiediate doatinglayer and-iheatopaeatig layer are
stacked so that advantageous effects such as a rain noise reducing effect and a temperature increase
suppressingfetect 2&n beshiarREToPa MWy pEriddBf PO HiMie PT¥aa/RiBA, FRIREEKIAg bt the
intemediate coating layer and the top coating layer is useful to prevent rain from penetrating the metal

roof or pro6aGfRG e ErE Gt pr&Ferithgtthe ¥ reofrd?t MakiAgn&Re RRIuEHy noise) (or
suppressingé{%&g)&rl%tyr%li{lé;r%%seg%%era}_, it is preferably set in such a
manner that NCO/0H is from about 1.2 to about 2.2.
10 [0029]

In the infermediate coating material, the resin
matrix containsg 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 amino group-containing
compound include aromatic, aliphatic, or heterocyciic
polyamines, and modifications thereof, such as epoxide

addition products thereof, amidation products thereof, and

25 Mannich reaction products thereof.

11



25 that the expansion and contraction of the metal roof can be suppressed). [0041] Although the
mechanism of the rain noise-reducing effect remains unclear, the factors described below are 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 10 coating material has
a synergistic effect, so that rain noise is successfully reduced. It is considered that in the invention, the
contact anglg @sythe 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 suppressiigtespesatura inaieaseitis considered thaf not AYlythgsifess of the
intermediate coating layer described above but also the 20 infrared reflecting powder and/or the

infrared trapsmitting pawstiel coltairedinihe tepenatiag jayeyeenkibuirs tedhe effect of suppressing
heat storage into the top coating layer itself. [0043] 25The top coating layer is such that the contact

angle on itds 7P=ortess, mréferablyG00ameds, morel preferablybG0 arlessxtfithejeantact angle is
more than 70, it may be difficult to obtain the effect of reducing rain noise sufficiently. The contact
angle bf watensaimdng vinyl compound, a hydroxyl group-containing
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-
coﬁtaining 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-ccntaining 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 um {more preferably 0.2 to 50 um, even more

25 preferably 0.3 to 20 um).

12



5 coating formed is a value measured using a contact angle meter. [00441 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/or
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[%g droxyl 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 reSi%@“QﬁﬂMﬁ%@ﬂﬂ@%’i@Bé@iﬂﬂgcoi‘&%le’?r%@@%@ec%@%to be used in
the top coating material may be a vinyl acetate resin, an 25 alkyd resin, a'vinyl chloride resin, an

acrylic resinoa wethanegesin anmaerlicsilisaneesis asfiiigroresin 1aF axesihRavpg a main
skeleton formed of any combination thereof. Among them, one or more selected from an acrylic resin,
a urethaneniegia) an Aciylisrsikcone resin: Aatl«sS fueroresinarepagicutary preferred.zEhe resin may
be in any of a water-based form and a solvent-based form. [0046] For example, the
hydroghilicity-ifpéarting cohpamentpraf be ainligoganic 6Xiderspl,remralkpxysiianalcbpnpound, or 10
the like. For example, the inorganic oxide sol may be an aluminum oxide sol, a silicon oxide sol, a
zirconium &@de 8olian drtipschyooxitésol: oF e Rk THe nbrgdric bridessohbethe alkoxysilane
compound is particularly advantageous for suppressing temperature increase. 15[0047]
TetraalkoxPsifaheCadnderisate 8f tefrahikbRysifanehand msdificbtorRanéicot afayibe used as the

alkoxysilane compound. The alkoxysilane compound generally has an . .
advantageous in ircreasing the thickness, reducing rain

noise, and suppressing temperature increase.
10 [0034]

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

15 parts by weight of the resin matrix derived from the
urethane prepolymer.- The content of the inorganic
particles 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 intermediate coating layer can

also be sufficiently effective in suppressging temperature

25 increase. It is considered that the intermediate coating
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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 group of 3 to 12 carbon atoms preferably makes up 5 to 5096 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 5 n-butoxy group, an n-pentyloxy group,

an n-hexylgxy aroup., an D-aeyloXy GrauR. 7 AN n-Hedecyxy grayR; of adyapched alkoxyl group such

as an isopropoxy group, an isobutoxy group, a tert-butoxy group, a Sec-butoxy group, an isopentyloxy

group, a negRentYQxy groups ANJSRRAXMOXY1LO-groMp. audimetidpenien-greHp: ad -methylhexyloxy
group, a 1-ethylpentyloxy group, a 2,3-dimethylbutoxy group, a 1,5-dimethylhexyloxy group, a

2-ethylhexylexhgroiim acls methydheptyloxy:geoLgs o aitertigetyexy geruips Antong-theme, a branched
alkoxyl group is preferred. For example, 15 such a compound can be obtained by a method of

modifying a cardensate oétetraatikoxysilanehaviag ancalkexyh geoueobt ior2 carbdryatoms by
transesterification with an alcohol of 3 to 12 carbon atoms. [0049] 20Such a hydrophilicity-imparting
compénentmay detgarieralye mixed: geart anmoant oA dtoB0parts bydeeigh (prefermbly 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] thigkthé%ofbaatindimytRTerurshhples tOREERed tefleglingPowder may be aluminum
flake, titanium oxide, barium sulfate, zinc oxide, calcium carbonate, silicon oxide, magnesium oxide,

zirconium Sdd VRtRAT dXider SINGEnTERae Satuit froredidRfidPre didfies bxide,

manganes%-g(i)s:%ngufth complex oxide, or manganese-yttrium complex oxide. [0051]

If_the content of the inorganic particles in the
10 intermediate coating layer is toc low, it may be difficult
. to obtain a thick coating, and the coating may have
ingufficient strength, so that the effect of reducing rain
noise oxr suppressing temperature increase, the adhesion, or
other properties may be insufficient. If the content of
15 thé.inorganic particles ig too high, it may be difficult to
cbtain the effect of reducing rain noise gsufficiently.
[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.

14



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 trapgaiting poyle! 20.as-needed, (904l The infigted eflgeting, pagggaaed/%e infrared

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

more 25 preferably2 t-1Q0 pakts by weight Pageq om0 pagp by welght of the,slid of the resin.

Such a mixed amount makes it possible to color the top coating layer as desired and to protect the
intermediatgheoatingnayerc yhe pofvdeaitie the Dixecatingdayerqgreiarablydnclugdes.oaly,the 5 infrared
reflecting powder and/or the infrared transmitting powder described above. [0053] In the invention,
the top coating laygericamize: formecklny applfimgrent] dryirg threctop coating Iwatérigl described 10
above. Any appropriate coating method may be used, such as spray coating, roller coating, or brush
coating. Theidryirg rphg berserfernfedateaiorattempardtives The topyeohndy fzyer generally has a
thickness of 200 pm or less, preferably 10 to 150 pm. 15[00541 In the invention, the intermediate
coating layePEREWEltGH-cddtmglafier, of tieaRdErgoatiny RyepthedntehfBdiage &6atiy layer, and

the top coating layer are stacked in this order on the outdoor side surface of a
in the process of forming a coating. In this type of

intermediate coating material, the solid weight ratio of
the urethane prepolymer tc the active hydrogen compound is

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

15  compound aﬁd 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 cocating, or brush coating. The drying may be
performed at normal temperature.

[0039]

25 The intermediate coating layer generally has a
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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. 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 Material 1 10An intermediate coating material 1 was produced by

uniformly nyﬁi{]g}&géosga%%bg gvgt%%htlo!f %gth&pl(’e- gglgg% %:ng i%%jn é% géy&i}d(z! rgr.dodulc (701 by

weight in a nonvolatile conten Isocyanate-terminate e prepolymer duct of reaction

between pelygther, pouok 15(L,GOQ inweight average molesylar yeight) and 2,4-falylene diisocyanate)

with 120 parts by weight of heavy calcium carbonate A (3 pm in average particle size), 24 parts by

weight of adwalioearbpn-basedmsoivent, L part fyveightob - a:Siicone-kased-antisfoaming agent,
and 9 parts by weight 20 of modified polyamine (100% by weight in solids content). [0057]

Intermediaie=Gaating; Majerial:2oAB dnteimedista-ceatingymetatjal 2anas gradueedmeuniformly mixing
104 parts by weight of soluble acrylic 25 polyol A (50 KOHmg/g in hydroxyl value, 34C in glass
5 sufficiently. If the thickness is more than 1,000 um, the
locad 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 ccating layer ig formed on
the intermediate coating layer, in which the top éoating-
layer contains an infrared refliecting 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 cocating layer and the top coating 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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transition temperature, and 46% by weight in solids content) with 110 parts by weight of heavy calcium
carbonate A (3 pm in average patrticle 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 (a product (100% by weight 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 10 diisocyanate). [0058] Intermediate Coating Material 3 An intermediate coating material
3 was prodgﬁsglbé(égg@fmly 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 asilicpne-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 uniferBiydRixige1ad pars bynweightalsahsbla acslispalelA-with 95 parts by
weight of heavy calcium carbonate 25 A, 25 parts by weight of titanium oxide A (0.3 pm in average

particle size; flé-paris=tby iveighimnf bdaydrocarbopshasedssalvent -1 pad lyeweighteta silicone-based
anti-foaming agent, and 52 parts by weight of isocyanate-terminated urethane prepolymer A. 10060]
Intermdiateo@oatieg datedalSAn intenhediate thatind Material Brasiprodaddd/by 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
rocf, on which the cushion properties of the intermediate
10 coating material has a synergistic effect, so that rain
noise is successfully reduced. It is-consid@red that in
the invention, the contact angle on the top coating layer
is relatively low, so that during rainfall, a water f£ilm is
also formed on the surface of the top coating layer to
15 reduce the bounce of raindrops.
[G042]

Ag 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 ccating layer contributes to
the effect of suppressing heat storage into the top coating
layer itself.

[0043]

25 The top coating layer is such that the contact angle
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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] 15Intermediate Coating Material 6 An intermediate coating material 6 was
produced by uniformly mixing 104 parts by weight of soluble acrylic polyol A with 15 parts by weight of
heavy calcium carbonate A, 2 parts by weight of a hydrocarbon-based solvent, 1 part 20 by weight of a

silicone-baggd aptifaaming agent. and Sg.parts By weighy of Isocyanate-tepminated urethane

prepolymer A. [0062] Intermediate Coating Material 7 25An intermediate coating material 7 was

produced by, dpieuplyymixing 25-pads by weight of dimer-acid-nedified epoxisresin (396 by weight in
solids content) with 120 parts by weight of heavy calcium carbonate A, 15 parts by weight of a

hydrocarborebaset salyentod pRIEBY #igight:of S siicanehased patifoamingagenngnd 45 parts by
weight of modified polyamine (100% by weight in solids content). [0063] Intermediate Coating Material
8 An intermediatercoadiagamdtetiat 8 nmyaisyprodrtee dduynt@ anifennaly enisthgvlt: partehy weight of
soluble polyether polyol (50 KOHmg/g in hydroxyl value, and 50% by weight in solids content) with 110
parts 5y weight-éfigedyrmatcumscarbundtesA (8 paninesdy eragepaictesize); t1 Capaisby weight of a
hydrocarbon-based solvent, 1 part by weight of 15 a silicone-based anti-foaming agent, and 52 parts
by weight ¢t§$6dyanate-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 weight
average moReaAt weight) and 2,4-tolylene 20 diisocyanate).

Such a top coating layer can be formed by applying
and drying a top cocating 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, if necessary,
the top coating material may further contain any of various
15 additives.
[0045)
In the top coating material, for examplie, 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 regin 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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[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 acrylic
polyol A (50 KOHmg/g in hydroxyl value, 38C in glass transition temperature, and 501 by weight in
solids content) with 7 parts by weight of phthalocyanine green, 3 parts by weight of phthalocyanine
blue, 5 parts by weight 5 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 wejght-ef-isacyanuyate structuesgontaining; palyisopyanate A,(1p0%6 by weight in non-volatile
content, 10 and 21% by weight in NCO content), and 3 parts by weight of the hydrophilicity-imparting

componentgescripedhelow 109654 Hydraphiliclly = Fapartinghompeenent T o-1a6 paks fyveight of a

methyl silicate 15 condensate (1,000 in weight average molecular weight, 8 in average degree of
condensationeaad 4 00%mibAgNvipdatile saatest) weresadderka? parts bynweighteiigohutyl alcohol and
0.03 parts by weight of dibutyltin dilaurate as a catalyst. They were mixed and then subjected to 20
demethanatization ab75€doh8hwurs; sorthata hydroghilicitydmpadting eempanentrwiasobtained. In
the hydrophilicity-imparting component, the equivalent ratio of the methyl group to the isobutyl group
was 62:38.1006825Measaremearit of Contact Angleref errEde tofitoatieg iratewat was applied to
an aluminum sheet of 150 mm x 70 mm x 1 mm by spray coating so that a 40 pm thick dry film could
be formed, idhdediedPfory HaeundERtmePEBnditions (& ehperaritesi23oaAd a 5 relative
humidity of 50%) and then allowed to stand outdoors for 1 month. The test sheet obtained by the
above metHd@ &L measured for contact angle using a contact angle meter model CA-A manufactured

by Kyowa Interface_Science Ca., Ltd. As a result, the_contact angle on the top 10 coating material 1
Wa535.w067]Tm§€6aﬁﬁfﬂﬁﬁgﬁm%?e hydrophilicity-imparting component

may be an inorganic oxide sol, an alkoxygilane compound, or
10 the iike. For example, the inorganic oxide sol may be an
aluminum oﬁide sol, a silicon oxide sol, a zirconium oxide
sol, an antimony oxide sol, or the like. The inorganic
oxide sol or the zslkoxysilane 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 degxee 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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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
weight of isocyanurate structure-containing polyisocyanate A, and 3 parts by weight of the 20
hydrophilicity-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 coatingypafetial,.2 was 37,25[0068], Top Coating, Material 3., A Lp ﬁ%a@gc@a%%@a' 3 was

produced by uniformly mixing 188 parts by weight of non-aqueous dispersion type acrylic polyol A with

18 parts bysyeight:9fBhthalocyaniner5 huee23 pPagtsRypweight of.a hydracanben-bassgd solvent, 1 part

by weight of a silicone-based anti-foaming agent, 6 parts by weight of isocyanurate

structure-cestaiiiing polyisocyarate,A, anedpags by weight obthedaydraphificitymisypasting

component. 10The top coating material 3 was measured for contact angle by the same method as in

the case ofstheddplcoatihe: inaterialdk phdasoape sil thes eoptachapgieprdhedepepating material 3
was 36. [0069] 15Top Coating Material 4 A top coating material 4 was produced by uniformly

mixingp188rpartstiopweipptad nonaquenes tishexsiog typeacedic pelyek BI(SA:K@kmugilg in hydroxyl
value, 32C in glass transition temperature, and 50% by weight in solids 20 content) with 18 parts by
weight of adfafgasselsisih i esmplerodte 23 pars byWwaigarolehydrocarbon-based solvent, 1
part by weight of a silicone-based anti-foaming agent, 6 parts by weight of isocyanurate

structure-cBRATMAG PoRASHI A haBrR YN E FPArES) FRight SP TRPS YiyaispiRicittiimparting
component, The top coating material 4 was measured for contact angle by the same method as

in the case 0 T8 t65 ¥o S Ratéridt 1F Rl AsH e THOHR cohtEECaTdE ofhg 16pRoating material

4*NaS54A§905%BB¥£§§?8§ Ng?%ﬁ%[5a neopentyloxy group, an ischexyloxy

10 group, a 3-methylpentyloxy group, a l-methylhexyldxy group,
| a l-ethylpentyloxy group, a 2,3-dimethylbutoxy group, a
1,5-dimethylhexyloxy group, a 2-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 modifving 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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A top coating material 5 was produced by uniformly mixing 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 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 thesame method 3541 the ¢ase:ef thedpp coaling matedal 1,,and.3.4 result, the
contact angle on the top 20 coating material 5 was 56. [0071] Top Coating Material 6 A top

coating materfal &was gredused:bydarifarmiy mixing J88malishy weight ohnopsaqueous dispersion
type 25 acrylic polyol A with 7 parts by weight of phthalocyanine green, 3 parts by weight of
phthalocyanineibine st pagsdy weight okperyleneaed; dupactsdnoweighf oshenzatdazolone yellow,
26 parts by weight of a hydrocarbon-based solvent, 1 part by weight of a silicone- 5 based
anti-foaminppagent, ardiBepatisbyweigit of isocpanuratestideturestontainngpaljisocyanate A.
The top coating material 6 was measured for contact angle by the same method as in the case of the
top coatingimaiciial 2xade asHliasutathelgmmactiargid on therg. €8 coatdg material 6 was 83.
[0072] Top Coating Material 7 A top coating material 7 was produced by uniformly mixing 188
parts by wel§REGHSTR g Hispersi Py peaisigeryRE pURBEANHRE 18 PRES WY weight of carbon
black, 26 parts by weight of a hydrocarbon-based solvent, 1 part by weight of a silicone-based
anti-foamirfg® ?‘aﬁﬁ‘é%rts by weight of isocyanurate structure-containing polyisocyanate A.
20The top 8ati5nggmaterial 7 was measured for contact angle by the same method as in the case of
the top coa ing Haterial 1, and as a result, the contact angle on the top coating material 7 was 82.

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, gquinacridone red, isoindolinone,
benzimidazolone, phthalocyanine green, phthalocyanine blue,
cobalt blue, indanthrene blﬁe, 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 coﬁbination 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 weight, more

25 preferably 2 to 100 parts by weight, based on 100 parts by
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[0073] 25(Test Example 1) <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 5 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. 10
Subsequently, the top coating material 1 was applied thereto by spray coating so that a 40 pm thick

dry film coyld beformed . and dried snder premalconditions for 7.days, apd then,gllowed to stand

outdoors for 1 month. [0074] 15The test sheet obtained by the above method was horizontally placed,

and water wag continugushy seattered fapl spinuigon the sheat fiom §a?@1b0¥§ Usging; @ shower

nozzle. During this period, the noise level was measured using a sound level meter, which was placed
10 cm apagz8 framgdhe baek surHace of hentast sheetedhe Neiser lgyelwasmvalysiedagcording 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
25D: 90 dBiar miaee §6@75loating layer preferably incliudes only the
5 infrared reflecting powder and/or the infrared transmitting
powder described above.
[0053]
In the invent;qu 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 ccating. The
drying may be performed at normal temperature. The top
cocating layer generally has a thickneges of 200 um or less,
preferably 10 to 150 pm.
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 cf 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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<Adhesion Test> A test sheet was prepared by the same procedure as in the case of the "noise
level test” (except that an aluminum 5 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 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 151. C: The lost area was 15% or more. 15[0077] <Temperature Increase Suppression
Test> A test sheet was prepared by the same procedure as in the case of the "noise level test"."
[0078] 20The test sheet obtained by the above method was irradiated with an infrared ray lamp at a
distance ofs2@.mmwr.@ad 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 25 follows.

A: The tempeoatiie of the back surface of the test sheet was less than 65C. B: The temperature of
the back surface of the test sheet was from 65C to less than 70C. 5C: The temperature of the back
surface of the test Skastivas from, 7GR0 fessthandsGmparative examples are

5 gshown to describe the features of the invention more
gspecifically.
[0036]
(Production of Intermediate Coating Materialsg)
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
prepclymer (a product of reaction between polyéther polyol
15 (1,000 in weight average molecular weight) and 2,4-tclylene
diisocyanate} with 120 parts by weight of heavy calcium
carbonate A (3 um in average particle size), 24 parts by
weight of a hydrocarbon-based solvent, 1 part by weight of
a silicone-based anti-foaming agent, and 2 parts by weight
20 of modified polyamine (100% by weight in solids content).
[0057]
Intermediate Coating Material 2
An intermediate coating material 2 wasg produced by
uniformly mixing 104 parts by weight of soluble acrylic

25 polyel A (50 KOHmg/g in hydroxyl value, 234°C in glass
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D: The temperature of the back surface of the test sheet was 75C or more. [0079] 10<Noise 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 case). 15[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 20

case of thec ngise; leveliesEmphisdestwas peHorned withfespeet to est Examples 2 and 18. [0081]
The test results are shown in Table 1. In Test Example 1, good results were obtained in all tests. Test
Example 8dniermediate coating maseral< TP veatpg materld -y calciun
carbonate A (3 um in average particle gize), 10 parts by.
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 weight 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
poiyol A with 95 parts by weight of heavy calcium carbonate

25 A, 25 parts by weight of titanium oxide A (0.3 pm in
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average paxrticle 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.

..[oogo].

Intermediate Coating Material 5

An intermediate coating material 5 was produced by
uniformly mixing 104 parts by weight of sbluble acrylic
polyel A with 350 parts by weight of heavy calcium
carbonate A, 40 parts by weight of a hydrocarbon-based
solvent, 1 part by weight of a silicone—based anti-feoaming
agent, and 52 parts by weight of isocyanate-terminated
urethane prepolymer A.
[0061]

Intermediate Coating Material 6

An intermediate coating material 6 wasg produced by
uniformly mixing 104 parts by weight of soluble acrylic
polyol A with 15 parts by weight of heavy calcium carbonate
A, 2 parts by weight of a hydrocarbon-based solvent, 1 part
by weight of a silicone-based anti-foaming agent, and 52
parts by welght of isocyanate-terminated urethane
prepolymer A.
[0062]

Intermediate Coating Material 7

An intermediate coating material 7 was produced by
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uniformly mixing 55 parts by weight of dimer acid-modified
epoxy resin {70% by weight in solids content} with 120
parts by weight of heavy calcium carbonate A, 15 parts by
weight of a hydrocarbon-based solvent, 1 part by weight of
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 wag produced by
uniformly mixing 96 parts by weight of soluble polyether
polyol (50 KOHmg/g in hydroxyl value, and 50% by weight in
golids content} with 110 parts by weight of heavy calcium
carbonate A (3 um in average particle sizeﬁ, 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 {a product
(100% by weight 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-toclylene
diisocyanate) .
[0064]

(Production of Top Coating Materxrials)

Top Coating Material 1

A top coating material 1 was produced by uniformly

mixing 188 parts by weight of non-agueous 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 weight of phthalocyanine blue, 5 parts by weight
of perylene red, 4 parts by weight of benzimidazoclone
vellow, 23 parts by weight of a hydrocarbon-bagsed 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-impaxting 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 alcchol
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 equivalent ratio of
the methyl group to the isobutyl group was 62:38.
[0068]

Measurement of Contact Angle

27



Test Example 1 Intermediate coating material 1 Top coating material 1  Intermediate coating material
Top coating material TGAGI SSTCDN Adhesion

iR

15

20

25

" The top coating material 1 was 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, and dried for 7 days
under normal conditions (a temperature of 23°C and a
relative humidity of 50%) and then allowed to stand
ocutdoors 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 XKyowa Interface Bcience
Co., Ltd. As a result, the contact angle on the top
coating material 1 was 35°.

[0067]

Top Coating Material 2

A.top coating material 2 was produced by uniformly
mixing 188 parts by weigﬁt of non-agqueocus dispersion type
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 weight of isocyanurate structure-containing
polyisocyanate &, and 3 parts by weight of the
hydrophilicitywimpartiﬂg 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°.

[0068]

28



Temperature increase suppression Noise level after accelerated degradation , pasn sieTzessm
BuTsno3 ssinsaz ssay [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)
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Top Coating Material 3

A top coating material 3 was produced by uniformly
mixing 188 parts by weight of non-agueous dispersion type
acrylic polyol A with 18 parts by weight of phthalocyanine
blue, 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 3 parts by weight of the
hydrophilicity-imparting component.

The top coating material 3 was meagured 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]

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 temperatﬁre, and 50% by welght in solids
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 pelyisocyanate A, and 1 part by weight of the

hydrophilicity-imparting component.
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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 9 to 11, satisfactory results
were not obtained in contrast to Test Examples 1 to 8. [0085] (Test Example 12) 20Test 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 g% shown in Tablf 24 I@Jsest 25 Exa I% O12, s%tlscfg%tgry results were

not obtained. [008 ﬁal' e%?%xg?np ?%) e Sestsheetd Werg%a}gﬁlgr% by the same method as in

Test Example 1, exgept hat afler the.antigouaslys 5yndercaating-majerial wias appliedthe top

coating material 5 was applied directly onto the undercoating, and each test was perfornied. The

results are ghewp;igTaple 2nkp TestExampled 3, salisfasiory resulisyverenotobtaiped, [0087]
10(Test Examples 14 to 16) Test sheets were prepared by the same method as in Test Example

1, except thaitbeatermediaie coatingamatarials 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, satisfaxigry]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 shbam ifickdbie@ WeresusegllinStead and that the intermediate coating material was
applied so that a 30 pm thick dry film could be formed, and each test was performed. The results are
shown in Table 2. 2 top coating material 5 wasg produced by uniformly
mixing 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 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 ocf 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°.
f0071]
Top Coating Material 6
A top coating material 6 wasgs produced by uniformly

‘mixing 188 parts by weight of non-agquecus dispersion type

25 acrylic polyol A with 7 parts by weight of phthalocyanine
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25 In Test Example 17, satisfactory results were not obtained. [0089] (Test Example 18) Test
sheets were prepared by the same method as in Test Example 1, except that the intermediate coating
5 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. Test Example 18 Intermediate
coating material 8 Top coating material 1 V

green, 3 parts by weight of phthalocyanine blue, 5 parts by
welght 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-
5 Dbased anti-foaming agent, and 6 parts by weight of
~ isocyanurate structure-containing polyisocyanate 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

1¢ coating material 6 was 83°.
[oo72]

Top Ccating Material 7

A top coating material 7 was produced by uniformly
mixing 188 parts by weight of non-agueous dispersion type

15 acrylic peolyel A with 18 parts by weight of carbon black,
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
polyisocyanate A.

20 The top ccating material 7 was measured for contact
angle by the same method ag 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]

25 (Test Example 1)
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M Test Example 17 Intermediate coating material 2. Top coating material 1 0 m Test Example 16
Intermediate -

<Noise Level Test>

An anti-corrosive undercoating material was applied
by spray coating to an exiéting paint film-carrying
aluminum sheet (300 mm x 300 mm x 1 mm, L'=48) so that a 30

5 um thick dry £ilm could be formed. After the coating was

dried under normal conditions for 18 hoursg, the
intermediate coating material 1 was applied thereto by
spray coating so that a 200 uym thick dry fiim could be
formed, and then dried under normal conditions for 24 hours.

10 Subsequently, the top cocating 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]

15 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 ém apart

20 from the back surface of the test sheet. The noige level
was evaluated according to the criteria below.

A: less than 80 dB
B: from 80 dB to less than 85 dRB
C: from 85 dB to less than 90 dB

25 D: 90 dB or more
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[oo75]

<Adhegion Test>

A test sheet was prepared by the same pro¢edure as in
the case of the *noise level test" (except that an aluminum
sheet of 150 mm x 70 mm x 1 mm was uged instead).

[06076]

The test sheet obtained by the above method wasg
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 feollows.

A: The lost area was less than 5%.

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

C: The lost area was 15% or more,.

[0077]

<Temperature Increase Suppression Testx>

A test sheet was prepargd 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 tegt 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 wag less than 65°C.

B: The temperature of the back surface of the tést
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]

<Ncise Level Test after Accelerated Degradation>

Test sheéts were prepared by the same pro¢edur@ 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 case).

(0080}

The test sheets obtained by the above method were
exposed 1in an accelerated weathering machine (METAL WEATHER,
manufactured by DATPLA WINTES Co., LTD.) for 240 hours and
then meaéured 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, goocd results were obtained in all tests.

34
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[0083]

(Tegt Exampleg 2 to 8)

Test sheets were prepared by the same methoed as in
Test Example 1, except that the intermediate coating
materials and the top coating materials shown in Tabkle 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]

(Test Examples 9 to 11)

Test sheets were prepared by the same method as in
Test Hxample 1, except that the intermediate coating
materiazls and the top ccoating materials shown in Table 2
were used instead, and each test was performed. The
results are shown in Table 2; In Téét Examples 92 to 11,
satisfactory results were not obtained in contrast to Test
Examples 1 to 8.
[0085]

(Tegt Example 12)

Test sheets were pr@par@d by the same method as in
Test Example 1, except that after the anti-corrosgive
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

Example 12, satisfactory results were not obtained.
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[0088]

{Test Example 13)

Test sheets were prepared by the same method as in
Test Example 1, except that after the anti-corrcsive
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. In Test
Example 13, satisfactory results were not obtained.
[008g7]

(Test Examples 14 to 16}

Test sheets were prepared by the gsame 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
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
Test Example 1, except that the intermediate coating
material and the top coating material shown in Table 2 were
used instead and that the intermedlate coating material was
applied so that a 30 um thick dry f£ilm could be formed, and
each test was performed. The results are shown in Table 2.

In Test Example 17, satisfactory results were not obtained.
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[008%]

(Tegt Exanmple 18)

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

5 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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pasn sreTzaTew BuTTeOD sainsaz gsaj, CLAIMS 1. A method of forming a coating, comprising:.
forming an intermediate coating 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 powder and/or

an infrared transmitting,, p(%\/vd@r ndowate has a contact angle of 70 or less on the 15 coating
formed. 2.A coaﬁ@,ﬁtr@t@j@ bgaﬁhed b tge cogtir g @rrnin%method according to claim 1.
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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 reéin matrix derived
from a urethane prepolymer and has a thickness of 50 to
1,000 um; and

forming a top coating layer onrthe 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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