SPECIFICATION
Title of the Invention:

Coating Compositidn
Background Art:

Field of the I .

. The present invention relates to a coatilig composition capable of
forming a coating film showing a low contamination from early time
after coating. |
D . f Badl 1 A

An outdoor coating c'omposition showing good weather resistance
has conventionally be applied onto outdoor substrates such as building
structures, displays, guard fences, machineé, vehicles and the like for
the pﬁrpose of decoration or protection. However, the conventionally
used outdoor coating composition had such disadvantages that the
surface of a coated product may easily be contaminated and show poor
appearance by inﬂuencé of exhaust gas, sand, dust, iron powder, rain,
| sunlight, etc. during outdoor exposure. |

In connection therewith, the present applicant proposed such a
coating composition that the addition of an organosilicate and/or its
condensates makes it possible to form a coating film having self-
cleaning properties and hard to be contaminated (see International
Publication No. W0O94/06870 specification).

However, the above coating composition had such drawbacks that
hydrolysis of the organosilicate_ in the coating film does not easily take
place depending on the weather on coating or immediately after coating,
resulting in being easily contaminated before developing self;cleaning

properties. An initial contamination may disappear with time, but



may cause claims from clients, and self-cleaning proﬁerties from early
time after coating are demanded.
Disclosure of the Invention

| The present inventors made intensive studies for the purpose of
solving the above problems to find out that a coating composition
containing specified amounts of an organosilicate and/or its condensate
and an acid surface active agent or a boric acid compound can form a
coaﬁng film showing a low contamination from early time after coating
and good interlayei"adhesibn properties bétween the coating film and a
substrate.

Thait is, the present invention provides a coating composition |

containing 0.1 i:o 50 parts by weight of (A) an organosilicate
represented by the general formula: |

OR

|
RO—ISi —OR

OR

where R is same or different and represents hydrogen atom or
monovalent hydrocarbon group having 1 to 7 carbon atoms, and/or its
condensates per 100 parts by weight of a resin solid content in the
coating composition, and 0.1 to 50 parts by weight of (B) an acid
surface active agent or a boric acid compound per 100 parts by weight
of a solid content of the component (A).
Brief Descripti £ the Drawi

Fig.1lisa schematic view of a test panel used in a stripe-like

contaminating rain mark resistant properties test.



The organosilicate and/or its condensates (A) used in the present
invention include ones represented by the abbve and following
formulas. R in the abo‘}e formula may include alkyl group, aryl group,
etc. The alkyl group as R may.include straight-chain ones and _
branched ones, for example, methyl, ethyl, n-propyl, iso-propyl, n-butyl,
iso-butyl, tert-butyl, n-pentyl, iso-pentyl, neopentyl, n-hexyl, iso-hexyl,
‘and the like. Of these, lower alkyl groups having 1 to 4 carbon atoms
are preferred. |

The aryl group as R may include monocyclic and polycyclic ones,
for example, pheﬁyl group, toluyl group, xylyl group, and the like,
phenyl group being preferred.

Preferable examples of the organosi]icate used in the present'
invention may include tetrahydroxysilane, tetramethoxysilane,
tetraethoxysilane, tetrapropoxysilane, tetrabutoxysilane,
tetraphenoxysilane, di'methoxy_diethoxysilane and the like. These may
be used alone or in combination.

The condensate of organosilicate may include branched or
- straight-chain condensates between organosilicates represented by the
above general formula and preferably includes condensates having a

- degree of condensation of 2 to 100 and repfesented by the general

formula:
OR
RO-Si0%R
R



where R is defined as above, n is an integer of 2 to 100.

In the above general fdrmula, When n is more than 100, effect of
stain resistance is undesii'ably-reduced. The condensate of the
organosilicate may particularly include such ones that R in the general
formula is a lower alkyl group having 1 to 4 carbon atoms and that the
degree of condeﬁsation is in the range of 2 to 15.

In the case where the organosilicate and/or its condensate (A) of
the present invention is particularly added to an organic solvent based
coating composition, use of ones containing both ethyl group and
meth_yl group as R in the above géneral formula is preferable from the
standpoints of easiness of floating of the component (A) up to the
surface of the coating film and hydrolysis, and an ethyl group/methyl
group mixing ratio is in the range of 1/99 to 99/1, preferably 30/70 to
70/30, more preferably 40/60 to 60/40. Ethyl group in an amount less
than in the above mixing ratio range Iﬁakes undesirably difficult the
floating of the component (A) up to the surface of the coating film, and
methyl group in a less amount may undesirably retard proceeding of |
hydrolysis.

In the present invention, a modified organosilicate prepared by
reacting the organosilicate and/or its condensate (A) with é mercapto
compoun(i or a boric acid compound may also be used from the
standpoint of promoting the hydrolysis reaction. On the other hand,
modification of the organosilicate and/or its condensate (A) by
introducing an alkyl chain héving 8 or more carbon atoms may be
effective for reducing the following solubility parameter, but |
orientation of the long chain alkyl moiety on the surface of the coating

film may retard hydrolysis, resulting in making it impossible to form a



coating film capable of showing low contamination from the early time
after coating.

The organosilicate and/or its condensate (A) is selected so as to
have a solubility paranieter (hereinafter may simply be referred to as
SP) lower than that of the resin contained in the coating composition,
to which the component A) is added. A higher SP value of the
organosilicate and/or its condensate (A) compared with that of the resin
in the coating composition may make difficult the orientation of the
organosilicate and/or ité condensate (A) onto the surface of the coating
film, resulting in reducing stain resistance. A SP difference between
the organosilicate and/or its condensate (A) and the resin in the coating
composition is in the range of 0.01 or more, preferably 0.1 or more.

~ On the other hand, in the case where the orgénosi]icate and/or its.
condensate (A) is added to a water based .coating composition, a
modified organosilicate prepared by reacting the organosilicate and/or
its condensate with a polyalkylene glycol compound may also be added
to the coating composition. -

" The above modjﬁéd organosilicate may be prepared by partly
reacting alkoxysilyl group in the organosilicate and/or its condensate
with the polyalkylenen glycbl compound, which may be represented by
the general formula:

R,0-(R.0),-H
where R, represents hydrogen atom, alkyl group or aryl group, R,
represents an alkylene group having 2 to 4 éarbon atoms, and n is an
. integer of 2 to 60, and may include, for example, polyalkylene glycél
such as polyéthylene glycol, polypropylene glycol, polytetramethylene
glycol and the like; alkoxypolyalkylene glycol such as



methoxypolyehtylene glycol, ethoxypolyethylene glycol,
ethoxypolypropylene glycol, ethoxypolybutylene glycol and the like; -
polyoxyalkylene alkylphenyl ether such as polyoxyethylene
monylphenyl ether, polyoxyethylene octylphenyl ether and the like;
and the like. Of these, polyethylene glycol and polyoxyethylene

- monylphenyl ether ere particularly preferred.

A reaction of the organosilicate and/or its condensate with the '.
. polyalkylene glycol compound may be carried out by subjecting to a
dealcoholation reaction under he_ating. In this case, in order to

promote the reaction, a catalyst may be added. The catalyst may

- include ones cap able of promoting a exchange reaction between

) alkoxysilyl group and alcohol without pa_rticular limitations, for
example, an organotin compound such as butyltintrioctoate,
dibutyltindilaurate and the like; metal alkoxides, Lewis acids, organic
protonic acids, inorgan_ic protonic acids, and the like.

The above modified organosilicate mey be prepared by reacting
‘one mole of alkoxysilyl group-in the organosilicate and/or its |
condensate (A) with 0.001 to 0.5 mele, preferably 0.01 to 0.2 mole of the
polyalkylene glycol compound. The polyalkylene giycol compound less
than 0.001 mol makes difficult mixing with the water based coating
composition. When more than 0.5 mole, hydrolysis of the
organosilicate is reduced, resulting poor stain resistance.

In the present invention, a mixing amount of the organosilicate
and/or its condensate (A) is in the range of 0.1 to 50 parts bjr weight,
preferably 1 to 20 pari:s by weight pef 100 parts by weight of the resin
solid content in the coating composition. ‘A mixing amount less than |

0.1 part by weight may result poor stain resistance of the coating film,



and the mixing amount more than 50 parts by weight may result
drawbacks of the resulting coating film, for example, hardening, cracks,
‘reduction in gloss a_nd the like.
" The acid surface active agent or the boric acid compound (B) in
the present invention has a function to promote hydrolysis of the
“organosilicate and/or its condensate (A), and may include ones known
in the art without particular limitations, for example, the surface
active agent (B-1) such as phosphate based, sulfonate Ibased, sulfate
based, carboxylate based surface active agents and the like, and the
boric acid compound (B-2) such as boric acid, trialkyl borate and the
like. _ - _ |
The phosphate based surface active agent (B-1) may include, for
example, polyoxyethylene phosphate, alkyl phosphate and the like.
The sulfonate based surface active agent may include, for example,
alkyl or alkylbenzene sulfonate such as sodium lauryl sulfonate sodium
dodecylbenzene sulfonate and the like; alkylnaphthalene sulfonate |
such as sodium isopropylnaphthalené sulfonate and the like;
alkyldiphenyl ether sulfonate, and the like. The sulfate based surface
active agent may include, for example, alkyl or alkylbenzene sulfate,
(poly)oxyethylene alkyl phenyl ether sulfate, and the like. The
carbbxylate based surface active agent may include, for example,
alkylsulfosuccinate and the like. Of these, the phosphate based
surface active agent is preferable.
Exampies of the trialkyl borate as the boric acid compound (B-2)
may include trimethyl boréte, triethyl borate, tributyl borate and the
like.

In the present invention, a condensation product of the



organosilicate and/or its condensate (A) with the boric acid compound
(B-2) may also be used.  The boric acid-modified organosilicate and/or
its condensate may be prepared by heating and reacting the |
organosilicate and/or its condensate, for example, tetramethoxysilane,
tetraethoxysilane, methyltrimethoxysilane, 'ethyltrimethoxysilane and
their condensates with orthoboric acid or méthaboric acid in the
presence 6f an alcohol solvent as disclosed in Japanese Patent
Application Laid-Open No. 69634/89.

In the present invention, the surface active agent or the boric acid
compound (B) may be mixed in an amount in the range of 0.1 to 50
parts by weight, preferably 1 to 30 parts by Weight per 100 parts by
weight of the solid content of the organosilicate and./or its condensate
(A). A mixing amount less than 0.1 p'art by weight makes it difficult
to develop hydrophilic properties from early time after coating, and a
mixing amount more than 50 parts by weight may undesirablyl shorten
a service period of time or result reduction in gloss.

In the present invention, the coating composition containing the
organosilicate and/or its condensate (A) and the surface active agent or
the boric acid compound (B) may include various kirids of coating
compositions such as an organic solvent based coating composition,
water based coa_tting composition, powder coating composition énd the
like. |

The organic solvent based coating composition may include a
reactively curing one and non-crosslinking one. The reactively curing
coating composition may include a coating composition prepared by
dissolving or dispersing a curable resin composition capable of forming

a crosslinked coating film structure by being reacted and cured per se



into an organic solvent, for example, a coat_ing composition containing a
curable resin composition comprising a base resin consisting ofa -
hydroxyl groo.p-containing resin such as fluorocarbon resin, acrylic
resin, poiyester fesin, alkyd resin, silicone resin and the like, and a
crosslinking agent such as polyisocyanate, amino resin and the like, |
and may also include a coating composition containing a curable resin
composition comprising a base resin consisting of a resin containing
silanol group and/or hydrolyzable silyl group, hydroxyl gi'oup and
epoxy group as essential funotional group components, or mixtures
thereof, and a curing catalyst. _

The non-crosslinking coating composition may include a solution
type or dispersion type coating composition capable of forming a
coating film by volatilizing the organic solvent at room temperature or
under heatiog, for example, a cellulose derivative based coating
~ composition, acrylic resin based coating composition, urethane resin
based coating composition, vinyl chloride resin based coating
composition, fluorocarbon resin based coating composition, alkyd resin -
based coating composition, vinyl acetate resin based coating
composition, styrene-butadiene resin based coating composition, and
the like.

The water based coating composition may include crosslinking
type ones and non-crosslinking type ones, and may include a coating
composition containing a water-dispersible resin or a water-soluble
resin. The water-dispersible resin or the water-soluble resin may
l-include, for example, combinations of acrylic resin emulsion or
acryluréthane resin emulsion with a crosslinking agent as a

crosslinking type consisting of carbonyl group and hydrazide group as



disclosed in Japanese Patent Application Laid-Open Nos. 249587/92
~and 11193/95, or a crosslinking type consisting of hydroxyl group and -
isocyanate group as disclosed in J apanese Patent Application Laid-
Open No. 219190/98, other acrylic resin emulsion, vinyl acetate
em’ﬁlsion, vinyl acetate-acrylic resin emulsion, ethylene-vinyl acetate

- ‘emulsion, silicone acrylic emulsion, epoxy resin emulsion, alkyd resin
emulsien, urethane resin emulsioﬁ, polyurethane emulsion, water-
soluble acry]ic resin, polyvinyl alcohol, natural or synthetic rubber
latex, and the like. |

The coating composition of the present invention may optionally
contain additives fer use in the eoating composition, for exaniple,
colorant, filler, flow control. agent, anti-foaming agent, plastisizer,
curing catalyst, ultraviolet light absorber, and the like. |

The coating composition of the present inventien is applicable
various kinds of substrates and coating substrates thereof, and coating
thereof may be carried out by the general coating methods such as
brushihg, spray coating, roller coating, various coater coatings, and the
like.. A coating amount is preferably in the range of 2 to 100 pm,
preferably 10 to 40 um as a dry film thickness.

The present invention is explained more in detajl by the following
Examples, in which “part” and “%” mean “part by weight’ and “% by
weight” respectively. |
Examples 1-7 and Comparative Examples 1-14

Respective commercially available coating compositions shown in
Table 1 were mixed and stirred vﬁth the organosilicate and/or its

condensate, acid surface active agent or boric acid compound in

10



accordance with the formulations (amount based on the resin solid
content of the coating composit_ion) as shown in Table 1 to prepare
respective coating compositions of Examples 1-7 and Comparative
Examples 1-14. | In Table 1, (Note 1) to (Note 11) are explained as
follows. | |
(Note 1) Ales Retan: Trade name, marketed by Kansai Paint Co.,
Ltd., solvent based acrylic urethane resin coating composition, SP
value of the resﬁn: 9.24. |
(Note 2) Ales Aqua Retan: Trade name, marketed by Kansai Paint
Co., Ltd., crosslinking type water based acrylic urethane resin coating
composition. g |
~(Note 3) ES48: Trade name, marketed by Colcoat Co., Ltd., low
condensation product of ethyl silicate, SP value: 8.84.
| (Note 4) Modified organosilicate: A reactor equipped with a stirrer,
thermometer, reflux condenser, nitrogen inlet and water separator was
charged with 500 g of Ethyl Silicate 48 (trade name, marketed by
Tama Chemicals Co., Ltd.), 324.5¢ of Newcbl 568 (trade name,
marketed by Nippon Nyukazéi Co., Ltd., polyoxyethylene nonyl phenyl
ether) and 0.082 g of Scat 24 (trade namé, marketed by Sankyo-
Organic Chemicals Co., Ltd.), followed by heating up to 120°C with
agitation under nitrogen atmosphere, heating up to 160°C over 4 hours, .
keeping at that téniperatu_re for one hour, and distilling off 25 g of
evaporating ethanol and f;he like to obtain 800 g of modified
organosilicate.
(Note 5) Boric acid-modified ethyl silicate: A reactor was charged |
with 744 g of Ethyl Silicate 40 (trade name, marketed by Tama
Chemicals Co., Ltd.), 62 g of orthoboric acid and 178 g of ethyl alcohol,

11



followed by heating and reacting under reflux for 2 hours, and carrying
out condensation reaction for one hour while solvdting by 316 g to '_
obtain a boric acid-modified ethyl silicate having a nohvolatile content
of 80%. .
~ (Note 6) Triethyl borate: Reagent marketed by Tokyo Kasei Kogyo
Co,, Ltd. | | |
(Note 7) Plysurf A-2 12E: Trade name, marketed by Dai-ichi Kogyo
Seiyaku Co., Ltd., acid phosphate. - |
(Note 8) EMS-485: Trade name, marketed by Colcoat Co., Ltd., low
condensation product of ethyl/methyl silicate, ethyl/methyl = 50/50
(molar ratio), SP 8.75.

(Note 9) X40-2638: Trade name, marketed by Shinetsu Chemical
Co., Litd., low condensation product of long chain (C,) a]kyl-modiﬁéd
ethyl/methyl silicate, SP7.79. '

(Note 10) X41-1805: Trade name, maiketed_ by Shinetsu Chemical
Co., Litd., low condensation product of mercapto-modified ethyl/methyl
silicate, SP8.26. |

(Note 11) Modified organosilicate: A reactor equipped with a stirrer,
thermometer,'reﬂux condenser, nitrﬁge‘n inlet and water separator was
charged with 500 g of ES-48 (trade name, marketed by Colcoat Co., -
Litd., ethyl silicate), 345 g of n-octanoi (Cs) and 0.082 g of Scat 24 (trade
name, marketed by Sankyo Organic Chemicals Co., Litd.), followed by
heating up to 120°C with agitation under nitrogen atmosphere, heating
up to 160°C over 4 hburs, keeping at that temperature for one hour to

obtain a long chain alcohol-modified organosilicate having a SP of 8.26.
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Table 1

Examples Comparative Examples
1 2138 4156 7 1 213415186 7189 |10]11}12] 13|14
Ales Retan ' : ' :
- 100|1 0100} 100 | 100 100100} 100 100|100} 100 | 100
Coating (Note 1) 100|100 | 100 100( 100 (100 10 0100 _
Composition | Ales Aqua Retan
(Note 2) | . 100 ~ 100|100 | 100
ES48 (Note 3) | 20 | 20 20 { 20 | 60
Modified
organosilicate (Note 4) 20 20 | 20
Boric acid-modified
ethyl silicate (Note 5) 20
Triethyl borate (Note6) | 5 5156 5 20116 1 20 5 5
Plysurf A-212E (Note 7) 5 5 '
EMS-485 (Note 8) 20 | 20 20
X40-2638 (Note 9) 20| 20
X41-1805 (Note 10) 20 20
organosilicate (Note 11)




Coating Film Perf Test |

Coating films of Example 1-7 and Comparative Examples 1-14 as
shown in Table 1 were subjected to coating film performance tests as
follows. Results are shown in Table 2.
Preparation of Test Panel: |

Esco (trade name, marketed by Kansai Paint Co., Ltd., Epoxy
resin based anticorrosive coating composition) was coated onto a zinc
phosphate-treated 0.8 mm thick steel sleet so as to be a dry film
thickness of 50 pm respectively, followed by drying for one day, coating
- an Epomarine intercoating (trade name, marketed by Kansai Paint Co.,
Ltd., Epoxy resin based intercoat coating composition) so as to be a dry
film thickness of 30 pm, and drying for one day to prepare a test panel
respectively.

A stripe-like contaminating rain mark resistant p'roperties test

was carried out by use of a test panel shown m Fig. 1.

In Table 2, (‘-" 1) to (*4) are represented as follows.
(*1) Hydrophilic Properties: Respective coating compositions of
Examples and Comparative Examples were coated onto a test panel so
as to be a dry film thickness of about 20 ym, followed by drying for 7
days under the conditions of 20°C and 65% RH to obtain a coating test
panel respectively, applying the coating test panel to a Sunshine
Carbon Arc Weathermeter for 4 hours respectively, and measuring a
contact angle (°) to water on the surface of a resulting coating ﬁhﬁ
respectively. |
*2) Strip'e-]jke contaminating rain mark resistant properties:
Respective coating compositions of Examples and Comparative

Examples were coated in the same manner as in the above (*1) onto the

14



test panel shown in Fig. 1 to prepare a coating test panel respectively,.
exposing outdoors for 3 months m such a condition as shown in Fig. 1
on the north side at Ota-ku, Tokyo, Japan, respectively, and visually
evaluating stripe-like contaminating rain marks as fo]ldws. 4: No
stripe-like contaminating rain marks developed, 8: some stripe-like
contaminating rain marks developed, 2: No stripe-like contaminating
rain marks developed, but contamination developed all over the surface,
1 stﬁpe-ﬁke contaminating rain marks developed, and contamination
developed all over the surface.

(*38) Self-recoat properties: Respective coating comﬁositidns of
Examples and Comparative Examples were coated onto a test panel so
as to be a dry film thickness of about 20 um respectively, followed by
drying for 7 days'under the conditions of 20°C and 65% RH, recoating
thereonto the above coating compositions so as to be a dry film
thickness of about 20 pm, and drying for 7 days under the conditions of
- 20°C and 65% RH to obtain a coating test panel, completely dipping
into water for 48 hours, taking out the coating test panel, two hours
thereafter, making cross cuts, adhering an adhesive cellophane tape,
and peeling off immediately thereafter to examine the surface of the
coating film réspectively. Evaluation was made as follows. 3: | No
 peeling observed, 2: partial peeling observed, 1: complete peeling
observed. ' ' |

(*4) Gloss: Respective cdating compositions of Examples and
Comparativ_e Examples were coated onto a test panel so as to be a dry
film thickness of about 20 um, followed by drying for 7 days under the
conditions of 20°C and 65% RH to obtain a coating test panel

respectively. Gloss on the surface of the coating film was visually

15



evaluated as followé. 2: good, 1: hazy. |

16



LT

Table 2

Examples Comparative Examples

1{2)3l4|5|6|7|21|2]3|4|5|6|7|8]9|10]11]|12[13]14
Hydrophilic properties ' '
(contact angle to water) |34 |58 |40 | 6539|4649 |64 |52|41|81|71|65|79|74(85(80(69|77|76]|80

ey - |

Stripe-like _
contaminating rain
mark resistant 4144|844l a)3)4/4/2/8)3)1)8|1|1)8]|2)2]1
properties (*2)
Se]f'rematpmpergg)s 3/3(3|3({3[3|3|2|3|2|3|2]3|3|2|1|1|2]|2]|2]3
Gloss (’j4)2222222211221222222.22




Effect of the Invention

The present invention provi(ies a coating composition containing
~ the organosilicate and/or its condensate and the acid surface active
agent or boric acid compound in a specified amount respectively, and
capébie of forming a coating film developing low contamination
properties from eérly time after coating, and showing good interlayer
adhesion properties to the substrate.

Particularly, the use of the coating composition containing an
organic solvent based coating composition, an organosilicate and/or its
condensate having a SP lower than that of the resin contained in the
coating composition, énd an acid surface activé agent or a boric acid
compound in a specified amount respectively makes it possible to
orientate the organosilicate and/or its condensate toward the surface of
the coating film and to promote hydrolysis thereof. Consequently, the |
coating composition of the present invention can form a coating film
showing low contamination properties from early time after coating,
and good interlayer adhesion properties to the substrate.

Ind ial Applicability

The coating composition of the present invention is useful as an

outdoor coating composition to be coated onto outdoor substrates such

as building structures and the like.
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(A) an organosilicate represénted by the general formula:

OR

|
R O—-IS'i —OR

OR

where R is same or different and repfesents hydrogen atom or
monovalent hydrdcérbon group h'a'ving 1 to 7 carbon .atoms, and/or its
condensates per 100 parts by weight of a resin solid content in the |
coating composition, and 0.1 to 50 parts by weight of (B) an acid
surface active agent or a boric acid compound per 100 parts by weight

of a solid content of the component (A).

2. A coating composition as claimed in Claim 1, wherein the
organosilicate and/or its condensate (A) has a solubility parameter

lower than that of the resin contained in the coating composition.

3. Acoating composition as claimed in Claim 2, wherein the
. organosilicate and/or its condensate (A) is such that R of the general
formula defined in claim 1 represents both ethyl group and methyl

group.
4. A coating composition as claimed in Claim 3, the

- organosilicate and/or its condensate (A) is modified by the reaction with |

a mercapto compound or a boric acid compound.
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5. A coating composition as claimed in Claim 1, wherein the
coating composition contains a modified organosilicate prepared by
reactihg the organosilicate and/or its condensate (A) with a

polyalkylene glycol compound.

6. A Coating composition as claimed in Claim 1, wherein the
coatixig composition contains a condensation product between the

organosi]icaté and/or its condensate (A) and the boric acid compound

®).

7. ~ A coating composition as claimed in Claim 1, wherein the

~ surface active agent is a phosphate based surface active agent.

8. A coating composition as claimed in Claim 1, wherein the

boric acid compound (B) is trialkyl borate.
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