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relateés to a resin conposition, particularly a coating resin Fonposﬁﬁ?kﬁ§50-~

BACKGROUND. OF THE IINVENTION Filns for protecting, e.g., outsi Wal s _of
'bU|Id|ngs are reqU|red to have excellent durability and excel |l ent weather

resi st ance.

As coating resins for formng such filns, resin conpositions

cont ai ni ng a | arge anobunt of a silicone resin are knpmn. For exanple, a
coating resin conprising an acrylic or polyester resin that an al coholic

hydr oxyl group-contai ni ng po'%ﬁ&ﬂﬁﬂ&fiAéEfﬁ“&éﬁ%%é&ébe

FIELD OF THE INVENTION

The present invention relates to a resin composition,
particularly a coating resin composition.

BACKGROUND OF THE INVENTION

Films for protecting, e.g., outside walls of
buildings are required to have excellent durability and
excellent weather resistance. As coating resins for forming
such films, resin compositions containing a large amount of a
silicone resin are known. For example, a coating resin
comprising an acrylic or polyester resin that an alcoholic
hydroxyl group-containing polyorganosiloxane résin is
incorporated therein is disclosed in JP-A-2-64181. (The term
"JP-A" as used herein means an "unexamined published Japanese .
patent application.")

In addition to durability and weather resistance, fhe
films described above are required to have anti-pollution
properties as a function of maintaining the appearance
thereof. Since it is generally thought that the anti-
pollution properties of a film are closely related with the
stickiness and electrostatic properties of the film,
improvements of the anti-pollution properties of films are
attempted in view of these factors. For example, a
constitution in which the stickiness of a film is reduced by

heightening the hardness thereof to thereby physically
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i ncor por at ed therein is disclosed in JP-A-2-64181. (The term  JHISS é%?; Has EEN
herei n neans an "unexani ned published Japanese patent applicdtion R -

~addition to durablllty and weat her resistance, the filnms described above
are required to have anti-pollution properties as a function of maintaining
t he appearance thereof. Since it is generaly thought that the anti-
pollution properties of a filmare closely related with the stickiness and
el ectrostatic properties . of the film inprovenents of the anti-pollution

proper {65, i SRALAIN LI da A s s oy e o 3
proposed. Other proposed constitutions include one in which
a hydrophilic property-providing agent such as a sulfonium
salt of an alkali metal is .added to a paint to form a film
having reduced electrostétic properties and thereby to
inhibit contaminants from electrostatically adhering to the
£film.

However, improvements in anti-pollution properties of
a filﬁ with respect to stickiness or electrostatic properties
often result in impairments in general film performances
including weather resistance, adhesive properties, and
flexibility. For example, an increase in film hardness
results in impaired flexibility of the film, while a
reduction in the electrostatic properties of a film by means
of a hydrophilic property-providing agent results in
impairments in the weather resistance and adhesive properties
of the film due to the hydrophilic property-providing agent
added to the paint. It is thus difficult to improve the
anti-pollution properties of a film while maintaining general
properties required of the film.

Although it has been proposed to improve the anti-
pollution properties of a film by regulating the surface
roughness of the fiim, this technique is effective only in
making the contamination of the film less noticeable and,
hence, cannot be a means for essentially improving anti-

pollution properties.
I —
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hei ght epi ng the hardness thereof to thereby physically 2 i hi bi t REPLACED

contam nants from adhering to the film has been proposed. QO hér=proposet——
constitutions include one in which a hydrophilic property-providing agent

such as a sulfoniumsalt of an alkali netal is added to a paint to forma
fil m having reduced el ectrostatic properties and thereby to inhibit

contam nants fromelectrostatically adhering to the film

SUMMARY OF THE INVENTION

An object of the present invention is to improve the
anti?pollution properties of a film while maintaining
genérally required-film properties including weather
resistance.

The coating resin composition of the present
invention comprises a silicone compound (A), a hydroxyl
grouprcontaihing resin (B), and a crosslinking agent (C)
having a functional group reactive with a hydroxyl group.

The silicone compound is at least one compound selected from
the group consisting of the silicone compounds represented by
average composition formulae (1), (2), (3), and (4). At
least part of the functional groups contained in at least one
of the silicone compound and the hydroxyl group-containing

resin is present in the form of a salt.

R* R El R?
| |
R- l510—€S10)—;—€Sl10}—rSIu -R! - (1)
A T !
Rl Rl Rl Rl Ifl .
| ! | i .
R'-SiO—{?iO}—;-{?iO}-z-{?i0}—3—?1-R' - (2)
%‘ R! A B R
RI Rl Rl ) Rl Tl
| | | l
R!- Sm—ﬁhd¥1—§ﬂ3—r4fdﬁ——51R‘ e (3)
I .
R* R! X Y R!
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However, inprovenents in anti-pollution properties of a fil mu\n'l’d-ﬂs SHEPELAS BEEN
to sti Ckl ness or electrostatic properties often result in inpirmeREPLACED

general film performances including weather resistance, adhestve
properties, and flexibility. For exanple, an.increase in film hardness
results in inpaired flexibility of the film while a reduction in the -

el ectrostatic properties of a filmby neans of a hydrophilic
property-providing agent results in inpairments in the weather resistance
and adhesive properties of the filmdue to the hydrophilic
-property-providing agentRaddRld to R'he p@int. It is thus difficult to

| mprove the anti-pol lutibn pPo ertles of, a filmwhile nalntalnlng gener al
Y- ?10-{510 S10}-r-?1 -Y (4)

R R X R!

In the above formulae,
A is at least one organic residue selected from the group
consisting of the organic residues represented by chemical

formulae (i), (ii), and (iii):

-—CHZCHZCHZOCHZCHZOﬁCH=CHc00H e (i)

0
—CHzCHzCHzOCHzCHzO?CHz?=CHz e (1)

I

0 COOH

_CHZCHZCHzOCHzCHzO%—?=CHz - (iii)
O CH: COOH

B is -CH,CH,CH,0CH,CH,OH,

X is a 3-acryloxypropyl group or a 3-methacryloxypropyl
group,

Y is a monovalent substituent containing at.least one group
selected from the group consisting of -COOH, -S0;H, and —NR%
(wherein R’ is an organic residue),

R' is an aryl group, an aralkyl group, or an alkyl group
having 1 to 6 carbon atoms, and

a, b, ¢, and d each are the following répeating-unit numbers.

1<a<20
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properties required of the film Al though.i:f has been propose1 Yo 'ﬁéﬂ%&géb EN

the: anti- pollution properties of a filmby regulating the sutd
roughness of the film this technique is effective only in nmaking the
contam nation of the filmless noticeable and, hence, cannot be a means for

essentially inproving anti- pollution properties. 3 SUMVARY COF THE
| NVENTI ON

0.5<b<3

1<c<10

0<d<6

In this coating resin composition, a part or all of
the silicone compound may have been bonded to a part of the
hydroxyl group-containing resin to form a silicone-modified
resin.

The hydroxyl group-containing resin has a hydroxyl
valué of, for example, from 20 to 300 (especially preferably
from 40 to 120).

The mixing ratio ((A):(B)) of the silicone compound
(A) to the hydroxylated resin (B) is, for example, from 3:97
to 70:30 (especially preferably from 5:95 to 40:60).

DETAILED DESCRIPTION OF THE INVENTION

Silicone Compound (A)

.The silicone compounds that can be used in the
present invention are represented by average composition
formulae (1), (2), (3), and (4). In the present invention,
these silicone compounds may be used éither alone or in

combination of two or more thereof.

—_—
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An objept of the present invention is to inprove the anti-po

TJ-{L'F» ET HAS BEEN
| LAGED
properties of a filmwhile maintaining general |y required- f|

“including weather resistance. The coating resin conposition of the present

i nvention conprises a silicone conpound (A), a hydroxyl group-containing
resin (B), and a crosslinking agent (C) having a functional group reactive
with a hydroxyl group. The silicone conpound is at |east one conpound
selected fromthe group consisting of the silicone conpounds represented by
average conposition fornmulae (1), (2), (3), and (4). At |east part of the
functional groups contai ngd |nlat Iﬁast @ne

| |
R!- ?10—{?10}—:—%310}—:—81 -R? - (1)
R' R! é A'
' [
R'- ?10—(?10)-*6310)-7—6810)——31 -R! - (2)
T O
Ifl llzl Rl Rl_ Rl
| | |
R'~?i0—{?i0}—3*(?i0}‘r‘{s10}‘?‘Si-R’ = (3)
U
?l ?l Rl RI
|
Y?104£H»~—%Sd91r81 -+ (4)
R" R? X R'

In these silicone compounds, A is at least one
organic residue selected from the group consisting of the

organic residues represented by formulae (i), (ii), and

(iii).
—CHzCHzCHzOCHzCHzO%CH=CHCOOH = (i)
o)
—CHZCHZCHzOCHzCHzO%CHz?=CHz e (i)
0 COOCH
—CHZCHzCHzOCHzCHzOC*?=CHz e (iii)

Il
O CH. COOH
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. of t-he silicone conpound and t he hydroxyl .group-containing resfn | S RERRMCED |

inYhe formof a salt. [err] [err] I I | | [err] :
[err] In the above fornul ae,

%

B is the group represented by chemical formula.
-CH,CH,CH,0CH,CH,0H

X is a 3-acryloxypropyl group or a 3-
methacryloxypropyl group. Y is almonovalent substituent
containing at least one group selected from the group
consisting of -COOH, -SO;H, and -NR%. This group represented
by Y may be linear or branched, R? is preferably an organic
residue containing hydrogen. This.organic residue is not
particularly limited, and examples thereof include alkyl
groups such as methyl, ethyl, propyl, isopropyl, butyl, sec-
butyl, and t-butyl. Two or more kinds of X and two or more
kinds of Y may be contained in one silicone compound (that
is,. two or more different groups represented by X and two or
more different groups represented by Y may be present).

In the silicone compounds described above, R' is an
aryl group (e.g., phenyl or naphthyl), an aralkyl group
(e.g., nonylphenyl), or an alkyl group having 1 to 6 carbon
atoms (e.g., methyl, ethyi, propyl, butyl, or hexyl). From
an industrial standpoint, R' is preferably methyl or phenyl.

. 1 . . ‘1
Two or more kinds of R may be contained in one silicone

compound (that is, two or more different groups represented
by Rlnmy be present).

In the average composition formulae (1) to (4)
showing the silicone compounds, a, b, ¢, and d each are the

following repeating-unit numbers.
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Ais at,
organi ¢ residues represented by chem cal
[err]

3- net hacryl oxypropyl group,

| east one group 2 selected fromthe group consisting of
2 (wherein Ris an organic residue),

[err]

| east one organi c residue selected fromthe group co
formul ae (i),
Bis -CH2CH2CH20CHCH20H, X is a 3-acryl oxypropyl
Y is a nonoval ent substituent containing at

ﬂﬂSSHEE
>|St|

g@%;EEN

(ii), ‘“"(

group or a

-COOH, [err] and

Preferably, a, b, ¢, and d each are the following numbers.

2<a

5

A
=

o

.7

ia

b<l.5

2<2c<7

A

0.5<d<3

If a is smaller than 1,

film cannot be improved by the silicone compounds.

the weather resistance of a

If a

exceeds 20, silicone compounds have impaired reactivity and

compatibility with an o,f-ethylenically-unsaturated monomer.

If b is smaller than 0.5, the copolymerization proportion of

silicone compounds to a a,f-ethylenically-unsaturated monomer

is reduced, and this may result in an increased content of

residual unreacted silicone compounds and impaired copolymer

resin properties.

If b exceeds 3 or if d exceeds 6,

gelation'

occurs during polymerization of silicone compounds with an

a,B-ethylenically—uﬁsaturated monomer, so that satisfactory

film-forming properties are not exhibited.

If ¢ is smaller

than 1, it is difficult to impart sufficient hydrophilic

property to the film of the present invention.

If c exceeds

10, the compounds have an increased viscosity, and the

reactivity and compatibility thereof with an «,f-

ethylenically~-unsaturated monomer are reduced.

________*__________
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[err] is an aryl group, an aralkyl group, .or an alkyl group -éU*ﬁé*E?iﬁhz%B :
carbon atons, and a, b, c, and d each are the follow ng repedti

‘numbers. [err] 5 0.5b< 3 [err] [err] In this coating resin conp05|t|on
a part or all of

In each of the silicone compounds respectively
represented by the average composition formulae (1), (2),
(3), and (4) described above, the repeating units may have
been arranged block-wise, randomly, or alternately.

The silicone compound (A) used in the present

’

invention can be obtained as follows.

- {I) Silicone compound represented by average composition
formula (1)

This silicone compound is commerdially available.

For example, silicone compound "KR-9206" (manufactured by
Shin-Etsu Chemical Industry Co., Ltd., Japan) is utilizable
as the silicone compound represented by average composition
formula (1).

(Ii] Silicone compound represented by average composition

formula (2)

This silicone compound can be synthesized by reacting

the silicone compound represented by averagé composition
formula (1) with maleic anhydride or itaconic anhydride.
Specifically, the silicone compound represented by average
composition formula (1) is brought into contact with maleic
anhydride, upon which the terminal OH group of B in the |
siliconé compound undergoes esterification reaction with the
maleic anhydride to obtain a silicone compound having A
represented by formula (i) described above. When the
silicone compound represented by average composition formula

(1) is brought into contact with itaconic anhydride,

-9 - = ThlS Sheet Has Been Rei aced
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the ,siljcone conpound nmay have been bonded-to a part of the
group-containing resin to forma silicone-nodified resin. Th ; VA _
group-cont ai ning resin has a hydroxyl value of, for exanple, from20 to 300
(especially preferably from40 to 120). The mxing ratio ((A):(B)) of the
silicone compound (A) to the hydroxylated resin (B) is, for exanple, from
3:97 to 70:30 (especially preferably from5:95 to 40: 60) DETAI LED

" DESCRI PTI ON OF THE INVENTICN Sili cone Compound (A) The silicone conmpounds

that can be used lP . ) . 1
esteri lcatlon reaction occurs likewise to obtain a silicone

compound having A represented by formulae (ii) and (iii).

(III) Silicone compound represented by average composition

formula (3)

Examples of this silicone compound include the
compounds represented by the following structural formulae.
In the structural formulae given herein, Me and Ph represent

a methyl group and a phenyl group, respectively.

Ph Me Me  CaHeOCzH.OH
He:SiO(éiO)z(&iO}"_féiO)a(éiO)zSiMes -+ (a)
gh %e
C3H40C2H400C-C.H.COOH
C2H,00C-C=CH.
e

)
He1Si0(Si0) 2 (Si0y——£Si0) 2 (Si0) ;SiMes e (b)
) |
Ph Ye
CgH,OCHzCHCHz-f-CzH4NHz
cau,,ooc-%cuz OH  CoH.NHe
Me

Phn He Me Me
HeasiO(éiO)z(LiO)-—fiiO)z(éiO)3Sihe3 - (c)
gh Ae
CalloOCHZCHCH - -C-H,S0:H
03H600C—?=CH2 OH ész

He IINE——
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present invention are represented by average conposition for mlae QgpLA¢ED
(3, and (4). In the present invention, these silicone conpotds—rey—He
uséd either alone or.in conmbination of two or nore thereof. 6 [err] In
t hese silicone conpounds, Ais at |east one organic residue selected from
the group consisting of the organic residues represented by fornulae (i),
(ii), and

This kind of silicone compounds can be synthesized
through the following réute.
First, a silicone compound represented by average

composition formula (5) is synthesized.

?l *Izl ilql ?l Ifl
R‘-EiO‘f?i0}'7—{?i0}-s-(f10¥-z—5i—R’ = {95)
1 Rl X Z 1

In tﬁe above formula (5),
X is a 3-acryloxypropyl group or a 3-methacryloxypropyl
group,
Z is at least one group selected from the group consisting of
3-glycidoxypropjl, 2-(3',4'~epoxycyclohexyl)ethyl, 3-
hydroxypropyl, 3-(2’'-hydroxyethoxy)propyl, and 3—(4'—(3',3;—
hydroxymethyl )butoxy)propyl,
R' is an aryl group, an aralkyl group, or an alkyl group
having 1 to 6 carbon atoms, and
a, b, and c each are the following repeating-unit numbers.

1<a<20

0.55b<3

1<c<10

This silicone compound can be synthesized by the

hydrosilylation reaction of a phenylmethylhydrogenpoly-
siloxane with an aikene having an organic functional group.
This phenylmethylhydrogenpolysiloxane can be synthesized, for

example, by the following reaction (A).

- 11 - This Sheet Has Been Reilaced-




HIS.SHEET HAS BEEN
c % Eimcsn :

(iii)., REPLACEMENT, SHEET 7 B is the group represented byl
formula. -CH2CH2CH20CH2CH20H X i s a 3-acryl oxypropyl group _
met hacryl oxypropyl group. Y is a nonoval ent substituent. contalnlng at | east

one-group selected fromthe group 2

(HSiHEO)J

Hzo . HzSOq'
HeaSi0SiMe;

0~107C, 8ir
thSi (0“8):

"

fesSiOGIOT6i0Sthes - (A)
e h
(D

From the phenylmethylhydrogenpolysiloxane, the desired

silicone compound can be synthesized, for example, by the

following reaction (B).

X' Calle®'  CaHeZ' Ph
1) /\/ , pt ISb RPLY ]
D g He:SiO(SiO}—r-'{?iO%—?—{?iO)zSiHe:

Z' |
2) A~ He He Ph

- (B)

In the case of synthesizing compounds (a), (b), and
(c) enumerated above as examples of the silicone compound
represented by average composition formula (3), the following

silicone compounds (a’) and (b’) are synthesized accoxrding to

the method described above.

h  HMe He
Me:SiO(ISiO) 2 (SiO)——G'SIO) sSiles --(a’)
Ph C3l+0CzH.0R
Call,00C-C=CH,
Ae | —_— _

, Thls Sheet Has Been R
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consisting of -COOH, [err] and - [érr] Thi.s group represented by thpyAceo

{THIS SHEET HAS BEEN
l'inear or branched. R2 is preferably an organic residue cont £re}

- hydrogen. This organic residue is not particularly Iimted, and exanples

t hereof include al kyl groups such as nethyl, ethyl, propyl, isopropyl,
- butyl, sec- butyl, and t-butyl. Two or nore kinds of X and two or nore
kinds of Y nay be contained in one silicone conpound (that is, two or nore
different groups represented by X and two or nore different groups
represented by Y may be present). In the silicone conpounds descri bed
above, Ris an aryl group (e.g., phenyl or naphthyl), an aral kyl group
(e.g., nonyl phenyl), or an al kyl group having 1 to 6 carbon

Fh Me Me ?e
n83310(f10)z(éiO}“—fSiO)z(in)aSines ~(b")
Ph : He
CzH,OCH,CH—CH,,
CsH.00C-C=CH., 0
l
Me

Modifying these silicone compounds (a‘’) and (b’) with
an acid anhydride, an amine compound, ér a sulfonic_acid
compound gives the desired silicone compounds (a), (b), and
(c). Specifically, these reactions are as shown below.

acid anhydride
(hexahydrophthalic anhydride)

(a’) > (a)
amine comopound
HN ( CH2CH2N=C—CH2CH ( CH3 ) 2 ) 2 "CH3CCH2CH ( CH3 ) 2
CH,4 0
(b”) ; > > (b)

sulfonic acid compound
HN (C,H;)C,H,SO;H
(b") _ > ()

(IV) Silicone compound represented by average compositibn

formula (4)

Examples of this silicone compound include the

following compounds.

S
eet Has Been Replaced:

0 T



atoms (e.g
st andpoi nt

met hyl , ethyl, propyl, butyl, or hexyl). From an

[err]

'i1¥8§

ki nds

£T HAS BEEN
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Is preferably nethyl or phenyl. Two or nore

[err] may be contained in one silicone conpound (that is, two or nore
different groups represented by [err] nay be present). In the average

conposition forrmulae (1) to (4) showi ng the silicone conpounds, a, b, c,
and d each are the follow ng repeating-unit nunbers. 8
e ?e Te
HUOC(CHz)lo(SiO)(in)v ?i(CHz)loCOOH -+ (d)
Me HMe
CsHsOOC-?=CH2
Me
HOOCC2H4COOCH2 Ye Me Ph He liie CH100C°C6H4CO0H
HOCHz-?CHzOC:HQ?iO(éiO}'{?iO)z(LiO)5?iC3HsOCHzCCHzOOC-C5H4COUH
CzHis Me Ph e . He CzHs
' CaHe00C-C=CH.
- (e)
e
?H ?e ?e Ph He Te OH
HzNCzH;?CHzCHCHzOC:HeSiO(SiO}‘{in)z(SiO)5?iC:H500HzéHCHzNCzH4NHz
CzH4NHz He Ph Me e 2H4NH2
C3H00C-C=CH,
, v (£)
Me
OK He He  Ph e Me O
HOJSC2H4NCH2£HCH20C3Hb?i0(SiO}—{SiO)2(310)ssiC:HeOCHzCHCHzNCzH4SO:H
CaHs He Ph He He CzHs
C3H,00C-C=CH-
(@)
e
-
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| <a<20 [err] Preferably, a, b, c, and d each are the fol | owi n ﬁﬁﬂﬁfTHASBEEN
'i-%%%

2<a<15 0.7<b<1.5-2<c<7 [err] If a'is smaller than 1, the weath

of a fil mcannot be inproved by the silicone conpounds. If a exceeds 20,
sili cone conmpounds have inpaired reactivity and conmpatibility wth an
a,[err]-ethylenically-unsaturated nononer. If b is smaller than 0.5, the
copol yneri zati on proportion of '

This silicone compound can be synthesized through the
following route.

First, a silicone compound represented by average
composition formula (6) is synthesized. In formula (6), X,
z, Rl, a, and b have the same meanings as in average

composition formula (5).
W
Z—&iH?iWT(’\ISiO}T?i—_Z = (6)
bhox

This silicone compound can be synthesized, for
example, from a reaction product obtained by reacting
tetramethyldisiloxane with 3-methacryloxypropylmethyl-
dimethoxysiiane and water in the presence of an acid catalyst
and from a reaction product obtained by equilibrating
octamethylcyclotetrasiloxane and 6ctaphenylcyclotetrasiloxane
with an alkali, by sﬁbjecting the two reaction products to an
equilibrating reaction with trifluoromethanesulfonic acid.

This synthesis route is shown below as (C).

Sheet Has Been Replaced '
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silicone conmpounds to a a, [err]- et-hyl eni cal’l y-unsaturated no REPLACE

reduced, and this may result in an increased content of resi
siticone conpounds and i npaired copol ynmer resin . properties. If b exceeds 3
or i-f d exceeds 6, gelation occurs during polynerization of silicone
conpounds with an a,[err]-ethylenically-unsaturated nononer, so that
satisfactory filmform ng properties are not exhibited. If c is smaller
than 1, it is difficult to inpart sufficient hydrophilic property to the
filmof the present invention.” If ¢ exceeds 10, the conpounds have an

I ncreased viscosity, and th t y and conpatibility thereof with an
a,[err]- et héfllh‘fé}iofal I Ynegrtﬁaﬁa g@:dim ﬂ@r are reduced.

2) CICH.CH:0H CH2=CHeCO0CHs

He He de M Phn M

- e ne e

Che=CT_ | 20, CF3S0,H l L | |
C00CaH4Si (Qe) 2 : - > B$10(5i0) s510(510) 2SiH

. 0~10C, 6r 0~10C, 8ir | | | |
HMe:Si0SiMe.ll He Me Me Ph He

(n

ot He ?e ¥ Th Te _
(11) + CHz=CHCH,0CH OH ——— HOC2H.0C1H.Si0(Si0) sSi0(Si0) 2Si CaH40C.H.OH
80 C, 4Hr | | 1 T
YMe Me Me Ph Me

+ (C)

In the case of synthesizing compounds (e), (f), and
(g) enumerated above as examples of the silicone compound
represented by average composition formula (4), the following
silicone compounds (e’) and (f’) are synthesized according to

the method described above.

HOCH, Me He Ph Te He ?HzOH
HOCHz(!ICHzOCﬂ{sSlO(310)——610) (?10) 58103H¢,OCH2(|3CH20H ~ (e')
CzHs He Ph He HMe CzHs
CaHbOOC-?=CHz
He
He He ?e Te
' Hc——cnocaﬂbslo(sw)—fsm) (?xO)SSicaH.,OCHZC{—-CHz = (f')
\/ [ |
0 He He Me 0
csﬂe,ooc-%cﬂz I '
Me as Been Replaced
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represented by the average conposition fornulae (1), (2), (3)5 &)

descri bed above, the.repeating units may have been arranged bl ock-w se,
randomy, or alternately. The silicone conpound (A) used in the present

i nvention can be obtained as follows. (I) Silicone conpound represented by

aver age conposition _

Modifying these compounds (e’) and (f£’) with an acid
anhydride, an amine compound, or a sulfonic acid compound
gives the desired silicone compounds (e), (£), and (g)-.
Specifically, these reactions are as follows.

acid anhydride

(hexahydrophthalic anhydride)
(e”) > (e)

amine comopound
HN ( CH,CH,N=C-CH,CH(CH3) ;) -CH,CCH,CH(CH;),

CH, . 0
(£7) > = (f)

sulfonic acid compound
HN(C,Hs)C,H,SO;H
(£7) > (g)

Compound (11) given above as an example of the
silicone compound represented by average composition formula
(4) can be synthesized by adding the foilowing allyl compound
to the above-specified compound (II) in the synthesis route
(C) of the siliconé compound represented by average

composition formula (6).
CH2=CH ( CHZ ) 8COOH

The above-described silicone compounds used in the
present invention have a number-average molecular weight of

from 200 to 100,000, preferably from 500 to 20,000. If the

- 17 - . This Sheet Has Been Re
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formul g (1) This silicone conpound is comercially avail able. FEH$€%ﬂﬂET@68EmEN
si Il cone conpound "KR-9206" (manufactured by Shin-Etsu Chem c L ndBEPLACED

Co., Ltd., Japan) is utilizable as the silicone conpound represented by

average conposition formula (1). (I1) Silicone conpound represented by

average conposition forrmula (2) This silicone conpound can be synthesi zed

by reacting the silicone conpound represented by average conposition

formula (1) with nal eic anhydride or itaconic anhydride. Specifically, the

silicone Conﬂﬁﬂﬁgrngﬁggggtﬁglggu 48" 88%ght thereof is lower than 200, it

is difficult to form a film having sufficient mechanical

strength. On the other hand, number-average molecular
weights thereof exceeding 100,000 result in impaired
compatibility with the hydroxyl group-containing resin and
the crosslinking agent, making it difficult to obtain a
sufficiently cured film. Number-average molecular weight
herein is determined by Gel-Permission Chromatography (GPC).

Hydroxyl Group-containing Resin (B)

The hydroxyl group-containing resin used in the
present invention is not particularly limited, and.resins of
all kinds may be used as long as they contain a hydroxyl
group. Representative examples of the hydroxyl group-
containing resin include acrylic resins, alkyd resins,
polyester resins, epoxy resins, aminoplast resins, acryl-
modified alkyd resins, acryl-modified polyester resins, and
polycarbonate resins.

Especially preferred of the hydroxyl group-containing
resins used in the present invention are those having a
hydroxyi value of from 20 to 300, preferably from 30 to 100.
If a hydroxyl group-containing resin having a hydroxyl value
of lower than 20 is used, the reaction of this resin with the
crosslinking agent is insufficient, résulting in impaired
mechanical physical property. If a hydroxyl group-containing
resin having a hydroxyl value of higher than 300 is used,

this resin has poor compatibility with the crosslinking

- 18 - " This Sheet Has Been Replaced
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conpbshtion fornula (1) is brought into contact with mal ei ¢ @@%?EEN,
which the termnal OH group of Bin the silicane conmpound un

esterification reaction with the nmaleic anhydride to obtain a S|I|cone
conmpound having A represented by fornula (i) described above. Wen the
silicone conmpound represented by average conposition fornula (1) is brought
into contact with itaconic anhydride, 10 esterification reaction occurs
| i kewi se to obtain a silicone

agent, so that a sufficiently cured film is not obtained.

Crosslinking Agent (C)

The crosslinking agent in the present invention is
used for forming crosslinks between molecules of the silicone
compound, between molecules of the hydroxyl group-containing
resin, or between the.silicone compound and the hydroxyl
group-containing resin.

In the present invention, any compound having in the
molecule thereof a functional group reactive with a hydroxyl
group can be used as the crosslinking agent without
particular limitations. Examples of the crosslinking agent
include polyisocyanate compounds, melamine-formaldehyde
resins, and dibasic acid anhydrides. When this kind of
crosslinking agents are used, the functional groups contained
therein react with hydroxyl groups contained in both the
silicone compound and the hydroxyl group-containing resin at
room temperature or an elevated temperature to three-
dimensionally crosslink the silicone compound and the
hydroxyl group-containing resin, thereby giving a film having
improvgd mechanical strength.

Use of a crosslinking agent having a hydrophilic
segment is effective in giving a film having further improved
anti-pollution properties. Examples of the crosslinking
agent having a hydrophilic segment include poly(ethylene
glycol)-modified isocyanate "N2-753" (manufactured by Dai-

Nippon Ink & Chemicals, Inc., Japan).

This Sheet Has Been Repl
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compound having A represented by formulae (ii) and (iii). (lII Tﬁﬁsh E %\HAS BEEN
conpound represented by average conposition fornmula (3) Exanpliles_of _L CED
silicone conpound include the conpounds represented by the follow ng

structural formulae. In the structural formnulae given herein, Me and Ph
represent a nethyl group and a phenyl group, respectively. [err] 11

Resin Composition

The coating resin composition of the present
invention comprises the silicone compound, hydroxyl group-
containing resin, and crosslinking agent described above. A
part or all of the functional groups possessed by the
silicone compound and hydroxyl group-containing resin
described above should be in the form of a salt. That is, a
part or all of the acid functional groups or basic functional
groups contained in both the silicone compound and the
hydroxyl group-containing resin should be in the form of a.
salt. A representative technique for forming a salt is to
neutralize the silicone compound and the hydroxyl group-
containing resin with an acid or an alkali. In the case of
the hydroxyl group-containing resin, a salt structure may be
formed therein during the synthesis thereof by, for example,
using a comonomer having a slat structure, such as sodium
styrenesulfonate.

In the resin composition of the presenf invention,
the mixing ratio ((A):(B)) of the silicone compound (A) to
the hydroxylated resin (B) is regulated to from 3:97 to
70:30, more preferably from 5:95 to 40:60. If the proportion
of the silicone compound is below 3, the properties of the
silicone compound are.not sufficiently exhibited, resulting,
for example, in impaired weather resistance of the film. On
the other hand, if the proportion of the silicone compound

exceeds 70, compatibility between the silicone. compound and

:\
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"N . - 1 THis
Thi s ki.nd of silicone conpounds can be synthesized through t {5?%

-IEE'&E S Bl:i:N

route. First, a silicone conpound represented by average co

fornula (5) is synthesized. [err] In the above formula (5), xis a
3-acryl oxypropyl group or a 3-methacryl oxypropyl group, Z is at |east one
group selected fromthe group consisting of 3-glycidoxypropyl,

2-(3',4" -epoxycycl ohexyl)ethyl, 3- hydroxypropyl,

3-(2' - hydroxyet hoxy) propyl, and 3-(4'-(3",3"- hydroxymethyl)but oxy) propyl,

the hydroxyl group-containing resin is impaired, resulting.in
a film having reduced hardness and impaired anti-pollution
properties. |

The crosslinking agent is added in an amount
necessary for the progress of the crosslinking reaction.
Although this addition amount is not particularly limited, it
is usually from 10 to 30% by weight based on the amount of
the mixture of the silicone compound and the hydroxyl group-
contéining resin.

In the resin composition'of the present invention, a
part or all of the silicone compound may have been bonded to
a part of the hydroxyl group-containing resin to form a
silicone-modified resin. This composition is preferred in-
that it gives a film having further heightened weather
resistance. Methods for bonding the silicone compound to the
hydroxyl group-containing resin are not particularly limited.
Examples thereof include a method in which the silicone
compound is added during the synthesis of the hydroxyl group-
containing resin to modify the hydroxyl group~-containing
resin with the silicone compound. Another usable method
comprises adding a polyurethane resin, a melamine-
formaldehyde resin, a dibasic acid anhydride, or the like to
thereby bond the silicone compound to the hydroxyl groﬁp—
containing resin. |

Utilization of coating resin composition

The coating resin composition of the present

21 . This Sheet Has Been. Replaced
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Ris an aryl group, an aral kyl group, or an-alkyl group havi figThSHEET HAS BEEN
carbon atons, and a, b, and c¢c each are the follow ng repeati qfuniBEPLACED :
nunbers. 1<a<20 [err] 1<c<10 This silicone conpound can be synthesized by

the hydrosilylation reaction of a phenyl met hyl hydr ogenpol y- sil oxane with

an al kene having an organic functional group. This '

phenyl met hyl hydr ogenpol ysi | oxane can be synt hesi zed, for exanple, by the
foll owi ng reaction (A)

invention is used as a paint after being mixed with, e.g., a
coloring pigment,lan extender pigment, a necessary solvent,
and general additives. This paint can be utilized, e.g., as
a paint for outside building walls.

The film formed from the paint containing the resin
composition of the present invention has a moderately
hydrophilic surface due to the salt structure formed in at
least part of the silicone compound and hydroxyl group-
containing resin. The degree of this hydrophilic property is
usually 65° or lower in terms of contact angle with water..
Since contaminants adherent to this.film can hence be easily
removed with water, this film has excellent anti-pollution
properties. Moreover, this film also has excellent
properties in general film properties including weather
resistance, durability, and fléxibility because of the
silicone compound contained in the resin components.

The present.invention will be explained below in more
detail by reference to the following Examples, but the
invention should not be construed as being limited thereto.

Hereinafter, all "parts" are by weight.

PRODUCTION EXAMPLE 1 (Synthesis of Silicone Compound)

A mixture of 40 parts of the silicone compound
represented by the following average composition formula (7),
44 parts of xylol, 4 parts of maleic anhydride, and 0.5 parts
of dibutyltin oxide wa; reacted at 100°C for 1 hour. This

reaction was traced by infrared absorption spectrum (IR), by

- 22 - " This Sheet Has Been Re"laced
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REPLACEMVENT SHEET 12 [err] Fromthe phenyLnEthyIhydrogenpolysfpg§§§g$2§y§aBEEN |

desired silicone conpound can be. synthesized, for exanple, bli_the

reaction (B). [err] In the case of synthesizing conpounds (a), (b),
enuner at ed above as exanples of the silicone conpound represented by
average conposition formula (3), the follow ng

which completion of the reaction was ascertained.

Me Ph He Me

He-?iO(?iO)z(SiO)gli-He - (T)
He: Ph He
CsHs0CzH(0H

and (c)

Thus, a solution of the silicone compound represented

by the following average composition formula (8) was

obtained. This silicone compound corresponds to the silicone

compound represented by the average composition formula

described hereinabove.

Me Ph e Me Me

He-iiO(SiO)z(SiO) (Si0) sSi-He - (8)
Ae éh l Ae
CaH40CH .08
CaH50CzH‘0ﬁCH=CHC00H
0

(2)

PRODUCTION EXAMPLE 2 (Synthesis of Silicone-Modified Acrvlic

Resin Solution)

To a reaction mixture containing 40 parts of the

silicone compound solution obtained in Production Example 1

and 70 parts of xylol and maintained at 110°C was added

dropwise over a period of 3 hours a solution containing 10

parts of methacrylic acid, 20 parts of 2-hydroxyethyl

~__"#ﬂ~f#__*____,,
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descri bed above. Me3SIiQ(SIO2 (Si O - ES|C»SS|NE3 Ph ' [efir] REPLAGED

silicone conpounds (a' ) and (b') are synthesSized according to“thﬂSEtEEﬁd#&;BEEN

REPLACEMENT SHEET Date .. ..o, 13 [err]
t hese silicone conpounds (a') and (b") with

ytT1g

methacrylate, 25 parts of 2-ethylhexyl methacrylate, 25 parts
of t-butyl methacrylate, and 2 parts of t-butyl peroxy-2-
ethylhexanoéte. After this mixture was aged for 1 hour, 0.5
parts of t-butyl peroxy-2-ethylhexanocate and 30 parts of
xylol were added thereto dropwise over a period of 30
minutes, and the resulting mixture was aged for 2 hours. As
a result, a solution of a silicone-modified acrylic resin was
obtained. The silicone-modified acrylic resin contained iﬂ
this.solution corresponds to the resin formed by bonding a
silicone compound to a hydroxyl group-containing resin. 1In
this silicone-modified acrylic resin, the acrylic resin

moiety had a hydroxyl value of 86.

PRODUCTION EXAMPLE 3 (Svnthesis of Silicone-Modified Acrxlic
Resin Solution)

To a reaction mixture containing 20 parts of the
silicone compound represented by the following average
composition formula (9) and 70 parts of xylol and maintained
at 110°C was added dropwise over a period of 3 hours a
solution containing 10 parts of methacrylic acid, 20 parts.of
2-hydroxyethyl methacrylate, 25 parts of 2-ethylhexyl
methacrylate, 25 parts of t-butyl methacrylate, and 2 parts
of t-butyl peroxy-2-ethylhexanoate. After this mixture was
aged for 1 hour, 0.5 parts of t—butyl peroxy-2-ethylhexanoate
and 30 parts of xylol were added thereto dropwise over a
period of 30 minutes, and the resulting mixture was aged for.

2 hours. As a result, a solution of a silicone-modified
[

heet Has Been RTlaced
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an aci d anhydri de, an anine conpound, or a sulfonic acid co oung 2 §ttN]
desired silicone conpounds (a), (b), and (c). Specifically,

are as shown bel ow. acid anhydri de (hexahydrophthalic anhydride) (a' )
(a) am ne conmopound HN [err] - CH3CCH2CH( CH3) 2 CH3 0 (b")
sul fonic acid conpound (1V) Silicone conmpound represented by average
conposi tion

acrylic resin was obtained. The silicone-modified acrylic
resin contained in this solution corresponds to the resin

formed by bonding a silicone compound to a hydroxyl group-
containing resin. In this silicone—modified acrylic resin,

the acrylic resin moiety had a hydroxyl value of 86.

Ph  Me C3Hs0CzH.00C COOH
He:-SiO(éiO)z(LiO)(SiO)SSi-Hea = (9)
Ph He
Me

|
caﬂ,,oc]&CHz
|
0

PRODUCTION EXAMPLE 4 (Synthesis of Silicone-Modified Acrvlic

Resin Solution)

To a reaction mixture containing 20 parts of the
silicone compound represented by the following average
composition formula (10) and 70 parts of xylol and maintained
at 110°C was added dropwise over a period of 3 hours a
solution containing 10 parts of methacrylic acid, 20 parts of
2-hydroxyethyl methacrylate, 25 parts of 2—ethylhexyl
methacrylate, 25 parts of.t—butyl methacrylate, and 2 parts
of t-butyl peroxy-2-ethylhexanoate. After this mixture was
aged for 1 hour, 0.5 parts of t;butyl peroxy-2-ethylhexanoate
and 30 parts of xylol were added thereto dropwise over a

period of 30 minutes, and the resulting mixture was aged for

- 2 5. - Sheet Has Been Replaced
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ﬂﬂSSHEETHA
formil a (4) Exanples of this silicone conpound include the f IlomnﬁgpLAcégsEHiJ

conpounds. REPLACEMENT SHEET 14 [err]

2 hours. .As a result, a solution of a silicone-modified
acrylic resin was obtained. The silicone-modified acrylic
resin contained in this solution corresponds to the resin
formed by bonding a silicone compound to a hydroxyl group-
containing resin. 1In this silicone-modified acrylic resin,

the acrylic resin moiety had a hydroxyl value of 86.

H0OC/ LCOO(IZHz He Me Ph CHzOOC: lCOOH

I
C2HsCCH20C3H,Si0(Si0) (?10) 2 (?m) s?icaﬂg,OCHz(’:Csz

HOCH. e Ph Me He CH200C COCH
' CaHaOOC-?=CH2 2t:j;

He -+ (10)

Me He

PRODUCTION EXAMPLE 5 (Synthesis of Silicone-Modified Acrvlic

Resin Solution)

To a reaction mixture containing 38 parts of the
silicone compound solution obtained in Production Example 1,
1 part of the silicone compound represented by average
composition formula (9) used in Production Example 3 and 71
parts of xylol and maintained at 110°C was added dropwise
over é period of 3 hours a solution containing 10 parts of
methacrylic acid, 20 parts of 2-hydroxyethyl methacrylate, 25
parts of 2-ethylhexyl methacrylate, 25 parts of t-butyl
methacrylate, and 2 parts of t-butyl peroxy-2-ethylhexanoate.

After this mixture was aged for 1 hour, 0.5 parts of t-butyl

Sheet Has Been Re laced
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RERLACEMENT SHEET 15 This silicone conpound can be synt hesize TWﬁo’i@?Tt’l'ﬁs BEEN
: . ; ; Cp - ' REPLACED
fol:lowing route. First, a silicone conpound represented by average

conposition fornmula (6) is synthesized. In formula (6), X Z [err] , a,

and b have the sanme meanings as in average conposition fornmula (5). [err]

This silicone conmpound can be synthesized, for exanple, froma reaction

product obtained by reacting tetranethyldisiloxane with

3- et hacryl oxypr opyl net hyl -

peroxy-2-ethylhexanocate and 30 parts of xylol were added
thereto dropwise over a period of 30 minutes, and the
resulting mixture was aged for 2 hours. As a result, a
solution of a silicone-mddified acrylic resin was obtained.
The silicone-modified acrylic resin contained in this
solution corresponds to the resin formed by bonding a
silicone compound to a hydroxyl group-containing resin. In
this silicone-modified acrylic resin, the acrylic resin

moiety had a hydroxyl value of 86.

PRODUCTION EXAMPLE 6 (Synthesis of Silicone-Modified Acxrylic
Resin Solution Containing Sodium Salt)

200 Parts of the silicone-modified acrylic resin
solution synthesized in Production Example 2 was mixed with
11 parts of a 40 wt% ethanolic solution of sodium hydroxide.
The solvent was removed from this solution by distillation
under the reduced pressure, and the residue was dissolved in
a mixture of 50 parts of xylol and 50 parts of methyl
isobutyl ketone. Thus, a solution of a silicone-modified

acrylic resin containing a sodium salt was obtained.

PRODUCTION EXAMPLE 7 (Synthesis of Silicone-Modified Acrylic
Resin Solution Containing Sodium Salt)

200 Parts of the silicone-modified acrylic resin
solution synthesized in Production Example 3 was treated in
the same manner as in Production Example 6 to obtain a
solution of a silicone-modified acrylic resin containing a-

sodium salt.

This Sheet Has Been R\eﬁaced
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di met hoxysilane and water in the presence.of an acid catal yst frmH$ SBEERHAS BEEN
reacti on product obtained by equilibrating octanethylcyclotetrlhsi| o RERLADED

oct aphenyl cycl otetrasil oxane with an alkali, by subjecting th i
products to an equilibrating reaction with trifluoronethanesulfonic aci d.
This synthesis route is shown below as (C). REPLACEMENT SHEET [err] In
the case of synthesizing conmpounds (e), (f), and

PRODUCTION EXAMPLE 8 (Synthesis of Silicone-Modified Acrvlic
Resin Solution Containing Sodium Salt)

200 Parts of the silicone-modified acrylic resin
solution synthesized in Production Example 4 was treated in
the same manner as in Production Example 6 to obtain a
solution of a silicone-modified acrylic resin containing a
sodium salt.

PRODUCTION EXAMPLE 9 (Synthesis of Silicone-Modified Acrylic

Resin Solution Containing Sodium Salt)

200 Parts of the silicone-modified acrylic resin
solution synthesized in Production Example 5 was treated in
the same manner as in Production Example 6 to obtain a
solution of a siliconé-modified acrylic resin containing a
sodium salt.

PRODUCTION EXAMPLE 10 (Synthesis of Silicone-Modified Acrylic

Resin Solution Containing Potassium Salt)

200 Parts of the silicone-modified acrylic resin
solution synthesized in Production Example 2 was mixed with
26 parts of a 25 wt%-ethanolic solution of potassium
hydroxide. The solvent was removed from this solution by
distillation under the reduced pressure, and the residue was
dissolved in a mixture of 56 parts of xylol and 50 parts of
methyl isobufyl ketone. Thus, a solution of a silicone-
modified acrylic.résin containing a'potassium salt was

obtained.

‘This Sheet Has Been Replaced -
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(9). enunerated above as exanples of the silicone conpound rep
aver age conposition fornula (4), the followi ng silicone conpo
(f') are synthesized according to the nethod descri bed above.

JJ

e'SleISt&HEHJWAS BEEN
nds (BEPLAGED

REPLACEMENT SHEET 1 7 Modifying these conpounds (e') and (f') with an acid
anhydride, an am ne conmpound, or a sulfonic acid conpound gives the desired

silicone conpounds (e), (f), and (g).

PRODUCTION EXAMPLE 11 (Synthesis of Silicone-Modified Acrylic

Resin Solution Containing Potassium Salt)

200 Parts of the silicone-modified acrylic resin
solution synthesized in Production Example 3 was treated in
the same manner as in Production Example 10 to obtain a
solution of a silicone-modified acrylic resin containing a
potassium salt.

PRODUCTION EXAMPLE 12 (Synthesis of Silicone-Modified Acrylic

Resin Solution Containing Potassium Salt)

200 Parts of the silicone-modified acrylic resin

solution synthesized in Production Example 4 was treated in
the same manner as in Production Example 10 to obtain a
solution of a silicone-modified acrylic resin containing a

potassium salt.

PRODUCTION EXAMPLE 13 (Synthesis of Silicone-Modified Acrylic
Resin Solution Containing Potassium Salt)

200 Parts of the silicone-modified acrylic resin
solution synthesized in Production Example 5 was treated in
the same manner as in Production Example 10 to obtain a
solution of a silicone-modified acrylic resin containing a

potassium salt.

PRODUCTION EXAMPLE 14 (Synthesis of Silicone-Modified Acrylic
Resin Solution Containing Lithium Salt)

200 pParts of the silicone-modified acrylic resin
solution synthesized in Production Example 2 was mixed with

11l parts of a 25 wt%-ethanolic solution of lithium hydroxide.

r__-_______?__;___
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SpeC|chaIIy, these reactions are as follows. acid anhydrid | BEEN-
(hexahydr opht hal i ¢ anhydride) (e') amine conmopound HN( CH2CH2 tfgﬂif%g%ié%g@
2)2  -CH3CCH2CH(CH3) 2 sul fonic acid conpound [err] Conpoun

above as an exanple of the silicone conpound represented by average
conposition forrmula (4) can be synthesized by adding the follow ng allyl
conpound to the above-specified conpound (I1) in the synthesis route

The solvent was removed from this solution by distillation
under the reduced pressure, and the residue was dissolved in
a mixture of 50 parts of xylol and 50 parts of methyl
isobutyl ketone. Thus, a solution of a silicone-modified
acrylic resin containing a lithium salt was obtained.

PRODUCTION EXAMPLE 15 (Synthesis of Silicone-Modified Acrvlic

Resin Solution Containing Lithium Salt)

200 Parts of the silicone-modified acrylic resin
solution synthesized in Production Example 3 was treated in
the same manner as in Production Example 14 to obtain a
solution of a silicone-modified acrylic resin containing a
lithium salt.

PRODUCTION EXAMPLE 16 (Synthesis of Silicone-Modified Acrylic

Resin Solution Containing Lithium Salt)

200 Parts of the silicone-modified acrylic resin
solution synthesized in Production Example 4 was treated in
the same manner as in Production Example 14 to obtain a
solution of a silicone-modified acrylic resin containing a
lithium salt.

PRODUCTION EXAMPLE 17 (Synthesis of Silicone-Modified Acrvlic

Resin Solution Containing Lithium Salt)

200 Parts of the silicone-modified acrylic resin
solution synthesized in Production Example 5 was treated in
the samé manner as in Production Example 14 to obtain a
solution of a silicone-modified acrylic resin containing a
lithium salt. ___,____———-4————’;“
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(O -iof .the silicone conpound represented by average conposit ] diHIS‘siﬂEﬁjﬂ HAS BEEN
(6). CH2=CH(CH2) 8COOH The above-described silicone conpoundg} used RERLAGED

present invention have a nunber-average nol ecul ar wei ght of TO
100, 000, preferably from500 to 20,000. If the 18 nunber - aver age '

nol ecul ar wei ght thereof is lower than 200, it is difficult to forma film
havi ng sufficient nechani cal '

PRODUCTION EXAMPLE 18 (Synthesis of Silicone-Modified Acrvylic
Resin Solution Containing Triethylamine Salt)

200 Parts of the silicone—modified acrylic resin
solution synthesized in Production Example 2 was mixed with
47 parts of a 25 wt%-ethanolic solution of triethylamine.

The solvent was removed from this solution by distillation
under the reduced pressure, and the residue was dissolved in
a mixture of 50 parts of xylol and 50 parts of methyl
isobﬁtyl ketone. Thus, a solution of a silicone-modified

acrylic resin containing a triethylamine salt was obtained.

PRODUCTION EXAMPLE 19 (Synthesis of Silicone-Modified Acrylic
Resin Solution Containing Triethylamine Salt)

200 Parts of the silicone-modified acrylic resin
solution synthesized in Production Example 3 was treated in
the same manner as in Production Example 18 to obtain a
solution of a silicone-modified acrylic resin containing a
triethylamine salt.

PRODUCTION EXAMPLE 20 (Svnthesis of Silicone-Modified Acrylic

Resin Solutlon Containing Triethvlamine Salt)

200 Parts of the silicone-modified acrylic resin
solution synthesized in Production Example 4 was treated in
the same manner as in Production Example 18 to obtain a
solution of a silicone-modified acrylic resin containing a

triethylamine salt.

; This Sheet Has Been Replaced:
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stkéngth. On the other hand, nunber-average nol ecul ar wei ghtfs THfeBHEET HAS BEEN
exteedi ng 100,000 result in inpaired conpatibility with the [hydr oREPLACED -

group-containing resin and the crosslinking agent, making it arffircurt To
obtain a sufficiently cured film  Nunber-average nolecul ar weight herein is
determ ned by Gel - Per m ssi on Chromat ography (GPC). Hydroxyl
Group-cont ai ning Resin (B) The hydroxyl group-containing Fesin used in the
present invention is not particularly linmted, and resins of all kinds may
be used as I9 Ip.

of the hydr oz

resins, Resin Solution Containing Triethylamine Salt)

200 Parts of the silicone-modified acrylic resin
solution synthesized in Production Example 5 was treated in
the same manner as in Production Example 18 to obtain a
solution of a silicone-modified acrylic resin cbntaining a
triethylamine salt.

PRODUCTION EXAMPLE 22 (Synthesis of Acrylic Resin Solution)

. To a reaction mixture containing 70 parts of xylol
and maintained at 110°C was added dropwise over a period of 3
hours a solufion containing 10 parts of methacrylic acid, 20
parts of 2-hydroxyethyl methacrylate, 25 parts of 2-
ethylhexyl methacrylate, 25 parts of t-butyl methacrylate, .
and 2 parts of t-butyl peroxy-2-ethylhexanocate. After this
mixture.was aged for 1 hour, 0.5 parts of t-butyl peroxy-2-
ethylhexanoate and 30 parts of xylol were added thereto
dropwise over a.period of 30 minutes, and the resulting
mixture was aged for 2 hours. Thereafter, 20 parts of the
silicone compound represented by the average composition
formula (7) described hereinabove was added thereto to obtain
an acrylic resin solution.

PRODUCTION EXAMPLE 23 (Synthesis of Acrylic Resin Solution

Containing Sodium Salt)

200 Parts of the acrylic resin solution synthesized
in Production Example 22 was treated in the same manner as in

Production Example 6 to obtain a solution of an acrylic resin

- 32 =~ . *. ris Sheet Has Been Replaced
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pol yester resins, epoxy resins, amnoplast resins, acryl- nod Fﬂﬂﬁﬁﬁﬁ%& ASBEEN
resins, acryl- nDdlfled polyester resins, and’ polycarbonate regi ns. REPL —
EspeC|aIIy preferred of the hydroxyl group-containing resins U3ed 1n the
present invention are those having a hydroxyl value of from20 to 300,
preferably from30 to 100. If a hydroxyl group-containing resin having a

hydr oxyl value of |ower than 20 is used, the reaction of this resin with
the crosslinking agent is insufficient, resulting in inpaired necﬂagical

hysi cal proper dr.ox up-containing resin having a hydroxy
5a¥ue of Elg 8Pk%ﬁ&ﬁn§oa ¥8d&§§dsgiﬁrs resin has poor conpatibility with

the crosslingrB3ycrIon EXAMPLE 24 (Synthesis of Silicone-Modified Acrylic
Resin Solution)

To a reaction mixture containing 20 parts of the

silicone compound represented by the following average
composition formula and 70 parts of xylol and maintained at
110°C was added dropwise over a period of 3 hours a solution
containing 8 parts of methacrylic acid, 20 parts of 2-
hydréxyethyl methacrylate, 27 parts of 2-ethylhexyl
methacrylate, 25 parts of t-butyl methacrylate, and 2 parts
of t-butyl peroxy-2-ethylhexanoate. After this mixture was
aged for 1 hour, 0.5 parts of t-butyl peroxy-2-ethylhexanoate
and 30 parts of xylol were added thereto dropwise over a
period of 30 minutes, and the resulting mixture was aged for
2 hours. As a result, a solution of a silicone-modified
acrylic resin was obtained. The silicone-modified acrylic
resin contained in this solution corresponds to the resin
formed by bonding a silicone compound to a hydroxyl group-

containing resin.

e Me He h Te
HOOCCquinSiO (TiO) 5 (?iO) z?iCzH‘COO_H
He He Ph  Me

Me
CaﬂaOi?C:CHz -----(11)
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19 agent, so that a sufficiently cured filnris not obtained]| T8 JEE) é@%BEEN il
Agent (C) The crosslinking agent in the present invention ig_used

form ng crosslinks between nol ecul es of the silicone conpound, between

nol ecul es of the hydroxyl group-containing resin, or between the silicone
conmpound and the hydroxyl group-containing resin. In the present invention,
any conpound having in the ' '

PRODUCTION EXAMPLE 25 (Synthesis of Silicone-Modified Acrylic
Resin Solution-Containing Sodium Salt)

200 Parts of the silicone-modified acrylic resin
solution synthesized in Production Example 24 was treated in
the same manner as in Production Example 6 to obtain a
SOlution of a silicone-modified acrylic tresin containing a

sodium salt.

PRODUCTION EXAMPLE 26 (Synthesis of Mixed Solution of
Hydroxyl Group-Containing Acrxiic Resin and Silicone-Modified

Acrvlic Resin)

To a reaction mixture containing 70 parts of xylol
and maintained at 110°C was added dropwise over a period of 3
hours a solution containing 10 parts of methacrylic acid, 20
parts of 2-hydroxyethyl meﬁhacrylate, 25 parts of 2-
ethylhexyl methacrylate, 25 parts of t-butyl methacrylate,
and 2 parts of t-butyl peroxy-2-ethylhexanoate. After this
mixture was aged for 1 hour, 0.5 parts of t-butyl peroxy-2-
ethylhexanoate and 30 parts of xylol were added thereto
dropwise over a period of 30 minutes, and the resulting
mixturé was aged for 2 hours. Thereto was then added 100
parts of the silicone-modified acrylic resin solution
synthesized in Production Example 2. Thus, a mixed solution
of a hydroxyl group-containing acrylic resin and a silicone-

modified acrylic resin was obtained.

This Sheet Has: Been Rep laced

3 ||II|I IIIIIl i~




nDIébule t hereof a functional group reactivé W th a-hydroxﬁ TEF%ﬁﬁf'rﬁﬁﬁgEEN_
2 ; PLACE
used as the crosslinking agent without particular limtati _

the crosslinking agent i ncl ude pol yi socyanat e conpounds, ,

‘mel am ne-fornmal dehyde resins, and dibasic acid anhydrides. Wen this kind

of crosslinking agents are used, the functional groups contained therein
react with hydroxyl groups contained in both the silicone conpound and the
hydr oxyl group-containing resin at roomtenperature or an el evated

tenperature di nally_.crosslink the, silicope conpound and the
hydr oxyl gro%p—@géﬁgoﬂuug r£§£ﬁ2£+z§¥%§99%$§+ﬂéJ§—¥$ﬂﬂ§$£¥¥%%3+ﬁgroved
mechani cal Sﬁ 898§ 1 Group-Containing Acrvlic Resin Coritaining Sodium

Salt and Silicone-Modified Acrylic Resin Containing Sodium

Salt)

The mixéd solution of a hydroxyl group-containing
acrylic resin and a silicone-modified acrylic resin which had
been synthesized in Production Example 26 was treated in the
same manner as in Production Example 6. Thus, a mixed
soluéion of a hydroxyl group-containing acrylic resin
containing a sodium salt and a silicone-modified acrylic

resin containing a sodium salt was obtained.

PRODUCTION EXAMPLE 28 (Synthesis of Mixed Solution of
Silicone Compound, Hydroxyl Group-Containing Acrylic Resin,

and Silicone-Modified Acrvlic Resin)

To a reaction mixture containing 70 parts of xylol
and maintained at 110°C was added dropwise over a period of 3
hours a solution containing 10 parts of methacrylic acid, 20
parts of 2-hydroxyethyl methacrylate, 25 parts of 2- .
ethylhexyl methacrylate, 25 parts of t-butyl methacrylate,'
and 2 parts of t-butyl peroxy-2-ethylhexanoate.. After this
mixture was aged for 1 hour, 0.5 parts of t-butyl peroxy-2-
ethylhexanoate and 30 parts of xylol were added .thereto
dropwise over a period of 30 minutes, and the resulting
mixture was aged for 2 hours. Thereto were then added 100
parts of the silicone-modified acrylic resin solution

synthesized in Production Example 2 and 20 parts of the

" This Sheet Has Becn Re 'i
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: 1| THIS SHEET HAS BEEN
Use-of.a crosslinking agent having a hydraphilic segnent is ffennRERLAQED‘ _
giving a filmhaving further inproved anti-pollution propert : '

of the crosslinking agent having a hydrophilic segnent include
pol y(et hyl ene glycol)-nodified i socyanate "N2-753" (manufactured by Dai -
Ni ppon Ink & Chem cals, Inc., Japan). REPLACEMENT SHEET 20 Resin

Conposi tion

silicone compound represented by the average composition
formula (7) described above. Thus, a mixed solution of a
silicone compound, a hydroxyl group-containing acrylic resin,

and a silicone-modified acrylic resin was obtained.

PRODUCTION EXAMPLE 29 (Synthesis of Mixed Solution of
Silicone Compound, Hydroxyl Group-Containing Acrylic Resin

Containing Sodium Salt, and Silicone-Modified Acrvylic Resin
Containing Sodium Salt)

The mixed solution of a silicone compound, a hydroxyl

group-containing acrylic resin, and a silicone-modified
acrylic resin which had been synthesized in Production
Example 28 was treated in the same manner as in Production
Example 6. Thus, a mixed solution of a silicone compound, a
hydroxyl group-containing acrylic resin containing a sodium
salt, an& a silicone-modified acrylic resin containing a
sodium salt was obtained.

EXAMPLES 1 TO 16

With 4 parts of urethane resin crosslinking agent
"DN-950" (manufactured by Dai-Nippon Ink & Chemicals, Inc.)
was mixed 18 parts of the silicone-modified acrylic resins
containing a metal salt or an amine salt which had been
synthesized.in Pfoduction Examples 6 to 21. Thus, a coating
resin composition was prepared. Thereto was added 4 parts of
xylol to prepare a paint. This paint was applied on a glass
plate, and the coated glass plate was allowed to stand at

room temperature for one week to obtain a crosslinked film.
-
eet Has Been Replaced -
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The. cqating resin conposition of the present invention conprj B Egﬁ@gBEEN
silicone conpound, hydroxyl group- containing resin, and crd | :

descri bed above. A part or all of the functional groups possessed by the
silicone conmpound and hydroxyl group-containing resin described above
should be in the formof a salt. That is, a part or all of the acid
functional groups or basic functional groups contained in both the silicone
conpound and-the hydroxyl group-containing resin should be in the form of

a. salt. A representative technique fgég&&ingg'a salt is to neutralize the
silicone conpound and the hydroxyl gr tning resin with an acid or
an alkali. In the Caﬁfiﬁﬁ4 parts of urethane resin crosslinking agent
"DN-950" (manufactured by Dai-Nippon Ink & Chemicals, Inc.)
waé mixed 18 parts of the sodium salt-containing acrylic
resin synthesized in Production Example 23. Thus, a coating
resin composition was prepared. Thereto was added 4 parts of
xylol to prepare a paint. This paint was applied on a glass
plate, and the coated glass plate was allowed to stand at
room.temperature for one week to obtain a crosslinked film.
EXAMPLE 18

With 4 parts of urethane resin crosslinking agent
"DN-950" (manufactured by Dai-Nippon Ink & Chemicals, Inc.)
was mixed 18 parts of the sodium salt;containing silicone-
modified aérylic resin synthesized in Production Example 25.
Thus, a coating resin composition was prepared. Thereto was
added 4 parts of xylol to prepare a paint. This paint was
applied on a glass plate, and the coated glass plate was
allowed to stand at room temperature for one week to obtain a
crosslinked film.

EXAMPlLE 19

With 4 parts of urethane resin crosslinking agent
"DN-950" (manufactured by Dai-Nippon Ink & Chemicals, Inc.)
was mixed 18 parts of the mixed solution of a sodium salt-
containing hydroxyl group-containing acrylic resin -and a
sodium salt-containing silicone-modified acrylic resin which

had been synthesized in Production Example 27. Thus, a

- 37 - This Sheet Has Been Replaced -
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t he. hydroxyl group-containing resin, a salt-struecture may bg f’ﬁfs@-@kéﬂ%§b€m
dufing the synthesis thereof by, for exanple, using a conongne

slat structure, such as sodium styrenesul fonate. In the resita—eospos tann

of the present invention, the mxing ratio ((A):(B)) of the S|I|cone
conpound (A) to the hydroxylated resin (B) is regulated to from3:97 to
70: 30, nore preferably from5:95 to 40:60. ' If the proportion of the
silicone compound is below 3, the properties of the silicone conmpound are

not suff|C|ent%ﬁ exhi blted resylting, for exanp in inpaired meather
resi stance &% 8gfﬁ%%l QdeHQP W&ﬁdPrFPaFﬁé -pr 3p6rettenwaE grded 4

silicone CO%B&%Edof xylol to prepare a paint. This paint was applied on
a glass plate, and the coated glass plate was allowed to
stand at room temperature for one week to obtain a
crosslinked film.

'EXAMPLE 20
With 4 parts of ﬁrethane resin crosslinking agent

"DN—9§0“ (manufactured by Dai-Nippon 'Ink & Chemicalé, Inc.).
was mixed 18 parts of the mixed solution of a silicone resin,
a sodium salt-containing hydroxyl group-containing acrylic
resin, and a sodium salt-containing silicone-modified acrylic
resin which had been synthesized in Production Example 29.
Thus, a coating resin composition was prepared. Thereto was
added 4 parts of xylol to prepare a paint. This paint was
applied on a glass plate, and the coated glass plate was
allowed to stand at room temperature for one week to obtain a
crosslinked film.

- COMPARATIVE EXAMPLES 1 TO 4

Using the silicone-modified acrylic resins -
synthesized in Production Examples 2 to 5, crosslinked films
were obtained in the same manner as in the Example 1.

TESTS

The crosslinked films obtained in the above examples
and comparative examples were subjected to a rubbing test,
measurement of contact angle with water, an anti-pollﬁtion

test, and an accelerated weathering test. The test and

//
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exceeds 70, conpatibility between the silicone conpound an{ THIS 5 N \
SHEET 2 1 the hydroxyl group-containing resin is inpaired, |iresul PR
fil m having reduced hardness and inpaired anti-pollution properties. The
crosslinking agent is added in an ampunt necessary for the progress of the
crosslinking reaction.” Although this addition anmount is not particularly
limted, it : '

measurement methods are as follows. The results obtained are
shown in Table 1.
[Rubbing'Test]

Xylol was rubbed against each film forward and
backward 100 times in an ordinary manner, and the state of
the resulting film surface was visually evaluated based on
the following criteria.

®: no abnormality.

O: almost no abnormality.

at film surface slightly blushed.

x: film surface blushed.

[Contact Angle with Water]

A 0.2-cc water droplet was dropped onto each film at
room temperature, and the contact angle of the film with the
water droplet was measured at 1 minute after dropping.
[Anti-pollution Test]

The films were subjected to weathering at the
weathering tést area in Nippon'Paint Co., Ltd., Neyagawa
Jigyo-sho for the 2'years of from March 1991 to March 1993 to
examine the contamination of the films. The degree of
contamination was evaluated by determining the maximum and -
average of AE values using a color-difference meter.
Criteria for the evaluation are as follows.

@: no contamination.
O: almost no contamination.

a: slight contamination.
[

heet Has Been Replaced
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is usually from 10 to 30% by wei ght based .on the amount of tneTWfS)&ftﬁEé'MSBEEN |
theé silicone conpound and the hydroxyl group- containing restln. | nREREACED 1
resin conposition of the present invention, a part or all of The STTTcone
conpound may have been bonded to a part of the hydroxyl group-containing

resin to forma silicone-nodified resin. This conposition is preferred in

that it gives a filmhaving further hei ghtened weat her resistance. . Met hods

for bonding the silicone conpound to the hydroxyl group-containing resin

are not particularly I|n1 eg Ies t hereof include a nmethod in which

the silicone conpound™is©%8 3ﬂlﬂﬁ 9t he synthesis of the hydroxyl group-

xx¢ considerable contamination.

[Accelerated Weathering Test]

The films were subjected to 2,000-hour irradiation in
a sunshine weather—omeﬁer to visually evaluate the state of
each resulting film surface. Further, 60° speculér surface
gloss was also measured, and the retention of gloss (%) after
irradiation based on the gloss measured before irradiation.
was determined. The visual evaluation was made based on the
following criteria.

®: no abnormality.

O: almost no abnormality.

a: chalking occurred partly.

x: chalking occurred considerably.

——
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containing resin to nodify the hydroxyl group-containing r
si'l i cone conpound. Anot her usabl e nmethod conprises addi ng
resin, a nelamne- formal dehyde resin, a dibasic acid anhy

like to thereby bond the silicone conpound to the hydroxyl groub-

contai ni ng resi n—YtHHzatretref—geattRg—Festn conposition The coating
resin conpositiof of |tlae piesémt §ﬁEPL CEMENT SHEET
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22 invention is used as a paint after being mxed with, e.g.

pi gment, an extender pignment, a necessary solvent, and gener addREPLAGED

EH@@WETNQAS BEEN

This paint can be utilized, e.g., as a paint for outside building Warua————-_ﬁl

The filmformed fromthe paint containing the resin eonposition.of the
present invention has a noderately hydrophilic surface due to the salt
structure fornmed in at |east part of the silicone conpound and hydr oxyl

group- containing rega. ch?lﬂggEgg fcgﬁé899¥g58p$ £H§Pé%§gééﬁtis_usually

65[err] or lower in terns o ntact am nant s
adherent to §hientibi eal h@ﬂﬁeab§1§ﬁ5h5¥1ng improved anti-pollution

properties with maintaining film properties generally
required, e.g., weather resistance, because the composition
comprises the silicone compound, hydroxyl group-containing
resin, and crosslinking agent described hereinabove and
because at least part of the functional groups contained in
at least one of the silicone compound and the hydroxyl group-
containing resin is present iﬂ thé form of a salt.

While the-invention has been described in detail and
with reference to specific embodiments thereof, it will be-
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the

spirit and scope thereof.

T il



: |l THIS SHEET HAS BEEN
renoved with water, this filmhas excellent anti-pollution p opertngpLAcep
Mor eover, this f|In1aIso has excellent propertles I n general

“properties includi nﬂl“ﬂﬂllmuu ance, durability, and fl eX| b| I | ty
because of the sil ntained in the resin conponents. The
present invention wll® be explalned below in nore detail by reference to
the follow ng Exanples, but the invention should not be construed as being

limted ther all "parts" are by weight. PRODUCTI ON EXAMPLE
1 (Synthesis ﬁ%§&si$ @%&Qﬁ%ﬁﬁﬁ%Und) A mxture of 40 parts of the silicone
compound represented by 4 he,Jof | PUIG AR SABRS W i %h fcooHBﬂfse(J )

at least one silicone compound (A) selected from the

group consisting of the silicone compounds represented by
average composition formulae (1), (2), (3), and (4),

a hydroxyl group-containing resin (B), and

a crosslinking agent (C) having a functional group
reactive with a hydroxyl group,

at least part of the functional groups contained in
at least one of said silicone compound and said hydroxyl

group-containing resin being present in the form of a salt;

R R* . R R
I | |
R'-?iO—(,SiO}—r{-?iO)—c—?i-R‘ e (1)
R* R B R
R R' R RO
| | | | l "
R’~?i0—(5|10)—a—€?10}1—{'?10}—r?i.-ﬂ" e (2)
R* R A B R
}121 I’{l lizl }]?1 . }l;l
R‘—?iO—é?iO)—r(?iO}—r{]SiD}—c—?i—R‘ : -~ (3)
RrOR X y R! |
]l?l Rl Rl IIQI )
Y- 810%310}—{810)—3-?1 -Y ' - (4)
Rt Rt X R! '

wherein A represents at least one organic residue selected

- 43 -
~ This Sheet Has Been Replaced .

VR i




44 parts of xylol, 4 nérts of nmlei ¢ anhydride, ~and 0.5 pari’ Tﬁ@ﬁﬂ% PREN
oxi de ed.

react ed at 1000C for 1 hour. Thi's reaction was tr

i'de
absorptlon spect1 ﬂu !I ﬂﬂ"" EPLACEMENT SHEET 23 which conpl etion of
the reaction ma r] Thus, a solution of the silicone

conpound represent ed by t ?ol omﬁng average conposition fornula (8) was

from the group consisting of the organic residues represented

by chemical formulae (i), (ii), and (iii):

—CH. CH: CH: OCH; CH:. O%CH=CHCOOH -+ (i)

0
—CHzCHzCHzOCHzCH:O%CH2?=CH2 e (i)
0 COOH

"‘CHz CHz CHz OCHz CHz O%—.(]::CHZ ‘"(iii)
O CH. COOH

B represents -CH,CH,CH,0CH,CH,0H,

X represents a 3-acryloxypropyl group or a 3-

methacryloxypropyl group,

Y represents a monovalent substituent containing at least one-

group selected from the group consisting of -COOH, -SO0;H, and

-NR% (wherein R* is an organic residue),

R' is an aryl group, an aralkyl group, or an alkyl group

having 1 to 6 carbon atoms, and |

a, b, ¢, and d each are the following repeating-unit numbers:
1<a<20

0.5<b<3

2. The coating resin composition as claimed in claim
1, wherein a part of the silicone compound is bonded to a

part'of the hydroxyl group-containing resin to form a

- 44 -
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obtained. This silicone conpound corresponds to the siIicone{égﬂgéﬁggzxg§%BEENl
represented by the average canposition formila (2) described! j ove
PRODUCTI ON EXAMPLE 2 (Synthesjis of Siljcone-Mdified Acrylic Resin-

Sol ution) To a reaction m xt k“ﬂmmmun mm parts of the silicone -
conmpound sol uti on obtained ih'g ICUAROIRY le 1 and 70 parts of xyl ol

and nmai ntained at 110[err] C was added dropw se over a period of 3 hours a

S hudr oy ot P 2688 Hlo82EL 8a OLeEA N2CTYI 1 ¢ BT, 20 parts of

3. The coating resin composition as claimed in claim
1, wherein all of the silicone compound is bonded to a part
of the hydroxyl group-containing resin to form a silicone-
modified resin.

4. The coating resin composition as claimed in claim
1, wherein the hydroxyl group-containing resin has a hydroxyl
value of from 20 to 300.

5. The coating resin composition as claimed in claim
1, wherein the mixing ratio ((A):(B)) of the silicone
compound (A) to the hydroxyl group-containing resin (B) is
from 3:97 to 70:30 by weight.

6. A method of applying a paint comprising a coating
resin composition which comprises

| at least one silicone compound (A) selected from the

group consisting of the silicone compounds represented by
average cdmposition formulae (1), (2), (3), and (4),

a hydroxyl group-containing resin (B), and

a crosslinking agent (C) having a functional group
reactive with a hydroxyl group,

at least part of the functional groups contained in
at least one of said silicone compound and said hydroxyl

group-containing resin being present in the form of a salt;

R R R R
[ |
R’-SiO-—(SiO)—r-(’SiOH—éi—R‘ (1)
] | I
R R B R!

- 45 - -
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REPLACENENT SHEET 24 nethacrylate, 25 parts of 2-ethyl hexyl
25 parts of t-butyl nethacrylate, and 2 parts of t-butyl pe
et hyl hexanoate. After this m xture was aged for 1 hour, 0.5

jggﬁ;ﬁﬁ&é&g BEEN

parts of

t-butyl peroxy-2-ethyl hexanoate and 30 parts of xylol were added- thereto

dropwi se over a period of 30 mnutes, and the resultingmxture was aged

was- obt ai ned. The silicone-nodified acrylic resin cont

for 2 hours. As a result, a solution of a silicone-nndi"lﬁﬂ
solution corresponds to the resin fornmed by bonding a "« ¢

W.R‘ B R! R

{ | | { l
R'-?io—f?io}—?'{in}‘Z'{?i0)‘?'?i-R' - (2)
R R A B R!
Rl Rl Rl Rl Rl
b | | |
Rh?ﬂ}4?ﬂ»—r4?ﬂ»ﬁr{?ﬂﬁﬁr?LR' - (3)
R* Rt X Y R
?\ ?l IRl Tl
Y-?iO—{?iO}‘E‘{?iO}"t'?i-Y ' -~ (4)
Rt R X R

resin

i

S

i

wherein A represents at least one organic residue selected

from the group consisting of the organic residues represented

by chemical formulae (i), (ii), and (iii):

~CH, CH; CH, OCH, CH, OCCH=CHCOOH (i)

[

0O
—CH., CHz CH, OCH. CH: O%CHz (l:=CHz (ll)
O COOH

—CH: CH, CH: OCH, CH, OC—=C=CH:

= (iif)

o
O CH: COOH

B represents -CH,CH,CH,0CH,CH,0H,
X represents a 3-acryloxypropyl group or a 3-

methacryloxypropyl group,

-
heet Has Been Replaced ',
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siLfcone conpound to a hydroxyl gFGHﬁ—GGH%ﬁ?ﬂ%ﬁ@%@ES%ﬂL'In t CED

THS SHEET HAS BEEN

siiicone-nodified acrylic resin, t [ I.n ety _ s rafayvava
val ue of 86. PRODUCTI ON EXANPLE 3;(3@& muﬁa Sﬂg!lrgone- Modi fied Acrylic
Resin Solution) To a reaction m xt L parts of the silicone

conpound represented by the foll ow ng average conposition forrmula (9) and
70 parts of xylol and maintained at 1100C was added dropw se over a period

O o, o P Sy 1) Ay 05 L B £ 554 s 2 Lon
parts of t-bylyly "BLIGELYA o Fom A Z5PRY) Sconsisting of -COOH, -SO.H, and
-NR% (wherein R® is an organic residue),
R' is an aryl_grouﬁ, an aralkyl group, or an alkyl group
having 1 to 6 carbon atoms, and
a, b, ¢, and d each are the following repeating-unit numbers:

1<a<20

.
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of 1 butyl peroxy-2-ethyl hexanoat e.
0.5 parts of t-butyl

m xture was aged for 2 hours.
silicone-nodified

After this m xture was

per oxy- 2- ethylhexanoate and 30 parts
added thereto dropwi se over a period of 30 ninutes,

As a result,

|

ng?: ?HEET Pé%guBEEN

V\ll r\

e —

and the resultlng
a solution of a
25 acrylic resin. was obtained. The silicone-nodified

acrylic resin contained in this solution corresponds to the resin forned by

bondi ng a silicone conpound tRBgTHX8&06¥|TﬁEOBQéCiOSURE

A coating resin composition is disclosed, which
comprises

at least one silicone compound (A) selected from the
group consisting of the silicone compounds represented by
average composition formulae (1), (2), (3), and (4),

a hydroxyl group-containing resin (B), and

a qrosslinking agent (C) haﬁing a functional group
reactive with a hydroxyl group,

at least part of the functional groups contained in

at least one of said silicone compound and said hydroxyl

group-containing resin being present in the form of a salt;

R* R R R! :
] | I
R‘-?i0—%?10}—:—%?i0}-f-?i—R‘ -+ (1)
R' R'. B R?
R R B! R! R
| | l | |
R’—?iO—{?iO}—s‘£?i0}—z-{?iO}—z—?i—R‘ < (2)
R' R' . A B R!
R" R R! R! R
| I | l
R'- ?10-{510}—1—{f10}—;—{?10}——-51 -R! - (3)
R" R X Y R!
R' R R! R!
| | | |
Y-?io—é?io)—.—(?io)—s—?i-Y . = (4)
R R X R!
wherein A represents at least one organic residue selected
_d_*_____d_-_d_d,ﬂ_
BeenReplaced
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cont ai ni ng resin. In this silicone-nodified acrylic resin, tThiﬁaldEﬁTHAS BEEN
res1n noi ety had a hydroxyl value of 86. [err] PRCDUCTICN EXAVPIREPAACED
(Synthesis of Silicone-Mdified Acrylic Resin Solution) To™a reactrom ——
m-xture containing 20 parts of the silicone conpound represented by the
foll ow ng average conposition formula (10) and 70 parts of xylol and

mai ntai ned at 110[err] C was added dropmﬁseover a period of -3 hours a

| f. hac
bt oxyor iAok ‘PRt { Sodls JELA0 G e ARG 0 FRUIGuEE represented
parts of t- byt yly ORENAET ¥l Ak&1a@"h 2 PAES, and (1i1):

—CHzCHzCH;OCHzCHzOﬁCH=CHCOOH e ()
o)

—CHzCHzCHzOCHzCHzO%CHz?=CHz e (i1)
0 COOH

_CHz CHz CHz OCHz CHz OIC';"IC=CH2 "(lii)

O CH, COOH

B represents -CH,CH,CH,0CH,CH,OH,

X represents a S—écryloxypropyl group or a 3-
methacryloxypropyl group,

Y represents a monovalent substituent containing at least one
group selected from the group consisting of -COOH, -SO;H, and
-NR% (wherein R? is an organic residue),

R' is an aryl group, an aralkyl group, or an alkyl group
having 1 to 6 carbon atoms, and

a, b, ¢, and d each are the following repeating-unit numbers:

1<a<20

0<d<6;
and further a method of applying a paint comprising the above

coating resin composition is disclosed.

This Sheet Has Been Rep
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- of t;bﬁ%yl per oxy- 2- et hyl hexanoate. After this m xture was ggﬁp¥%$ i B?WQQS
0.5 parts of t-butyl peroxy-2-ethyl hexanoate and 30 parts o 6&£q@ _________________________
added thereto dropw se over a period of 30 minutes, and the

m xture was aged for °~ REPLACEMENT SHEET Date 26 2 hours. As a result, a
solution of a silicone-nodified acrylic resin was obtained. The
silicone-nodified acrylic 1

COATING RESIN COMPOSITION

FIELD OF THE INVENTION

The present invention relates to a resin composition,
particularly a coating resin composition.

BACKGROUND OF THE INVENTION

Films for protecting, e.g., outside walls of
buildings are required to have excellent durability and
excellent weather resistance. As coating resins for forming
such fiims, resih compositions containing a large amount of a
silicone resin afe known. For example, a coating resin
comprising an acrylic or polyester resin that an alcoholic
hydroxyl group-containing polyorganosiloxane resin is
incorporated therein is disclosed in JP-A-2-64181. (The term
"JP-A" as used herein means an "unexamined published Japanese
patent application.") |

In addition.to durability and weather resistance, ihe
films described above are required to have anti-pollution
prOpefties as a function of maintaining the appearance
thereof. Since it is generélly thought that the ahti-
pollution.proPerties of a film are closely related with the
stickiness and electrostatic properties of the film,
improvements of the anti-pollution properties of films are
attempted in view of these factors. For-example, a
constitution in_which the stickiness of a film is reduced by

heightening the hardness thereof to thereby physically



-

resin contained in this solution corresponds to the resin f:WﬁﬁRLRQEMENﬁﬁM@ET
a siticone conpound to a hydroxyl group- containing resin. [in thi % v.1995
si'l i cone-nodi fied acrylic resin, the acrylic resin noi ety hjadae hydr Q@&

val ue of 86. [err] PRODUCTI ON EXAMPLE 5 (Synthesis of Silic
Acrylic Resin Solution) To a reaction m xture containing 38 parts of the
silicone conpound sol ution obtained in Production Exanple 1, 1 part of the
silicone conpound represented by average_ Zonposition fornula (9) used in
Production Exanple 3 and 71 parts of xylol and maintained at 1100C was

added dropw sfihibit contaminants from adhering to the film has been
proposed. Other proposed constitutions include one in whiqh
a hydrophilic property-providing agent such as a sulfonium
salt of an alkali metal is added to a paint to form a film
having reduced electrostatic properties and thereby to
inhibit contaminants from electrostatically adhering to the
film.

However, improvements in anti-pollution properties of
a filﬁ with respect to stickiness or electrostatic properties
often result in impairments in general film performances
including weather resistance, adhesive properties, and
flexibility. For example, an increase in film hérdness
results in impaired flexibility of the film, while a
reduction in the electrostatic properties of a film by means
of a hydrophilic property-providing agent results in
impairments in the weather resistance and adhesive properties
of the film due to the hydrophilic property-providing agent
added to the paint. It is thus difficult to improve the
anti—pollution.properties of a f£ilm while ﬁaintaining general
properties required of the film.

"Although it has been proposed to improve the anti-
péllution properties of a film by regﬁlating the surface
roughness of the film, this technique is éffective only in
making the contamination of the film less noticeable and,
hence, cannot be a means for essentially improving anti-

pollution properties.



over a period of 3 hours a solution containing 10 parts of ﬁﬁﬁ%ﬂ;quy*SHEET
acid, 20 parts of 2-hydroxyethyl nethacrylate, 25 parts of | E1‘L
met hacryl ate, 25 parts of t-butyl nmethacrylate, and 2 part YT

per oxy- 2- et hyl hexanoate. After this m xture was aged for 1 houf 0.5 parts

of t-butyl 27 peroxy-2-ethyl hexanoate and 30 parts of xylol were added
thereto dropwi se over a period of 30 n1nutes and the resulting m xture was
aged for 2 hours. As a result, a 3

SUMMARY OF THE INVENTION

An object of the present invention is to improve the
anti-pollution properties of a film while maintaining
generally required-film properties including weather
resistance.

The coating resin composition of the present
invention comprises a silicone compound (A), a hydroxyl
group-containing resin (B), and a crosslinking agent (C)
having a functional group reactive with a hydroxyl group.

The silicone compound is at least one compound selected from
the group consisting of the silicone compounds represented by
average composition formulae (1), (2), (3), and (4). At
least parf of the functional groups contained in at least one
of the silicone compound and the hydroxyl group-containing

resin is present in the form of a salt.

R* R R' R?
| | :
R' éxo—(?l())—r('sll(]}—rsll -R! -+ (1)
IIU Rt B | R

RI Rl Rl Rl Ifl

| | | .
R'-Sio—eslio>—.—{?i0)—r€?ioa—c—?1-w e (2)

O B R

R* R R

| I | | .
R'- 310—(5&0)—:—'(?10)—';‘(?10}—:'51-8' e (3)

| I

R X Y



solution of a silicone-nodified acrylic resi.n was obtai ned.
silicone-nodified acrylic resin contained in this solution |
the resin fornmed by bondlng a silicone conmpound to a hydro
group-containing resin. 'In this silicone-nodified acrylic reS|n t he
acrylic resin noiety had a hydroxyl value of 86. PRODUCTI ON EXANPLE 6
(Synthesis of Silicone-Mdified Acrylic Resin Solution Containing Sodi um
Salt) 200 Parts of the sili.cone-nodifiedcrylic resin solution synthesized
in Production Exanple 2 was m xed with 11 parts of a 40 wt % et hanolic

sol ution of sodiun1hydr0ﬁ$de.lThe %leeq& was renoved fromthis solution by
distillation l ? l j

Fﬁ&ﬁW%rﬁN%r%& e (4)
R ORY X R!

_ﬁ?gLACEMEM"‘ SHEET

In the above formulae,
A is at least one organic residue selected from the group
consisting of the organic residues represented by chemical

formulae (i), (ii), and (iii):

~CHzCHzCHzOCHzCHzO?CH=CHCOOH ces (i)
|
0
—CH;CH:CHzOCHzCHzOﬁCHz?=CHz e (i)
' 0 COOH
~CH: CH; CH, OCH, CH, OC—C=CH, e (iii)

g éHzCOOH
B is -CH,CH,CH,0CH,CH,0OH,
X is a 3-acryloxypropyl group or a 3—methacryloxypropyl
group, : _ )
Y is a monovalent substituent containing at least one group
selected from the group consiéting of -COOH, -SO;H, and —NR%
(wherein R’ is an organic residue), '
R' is an aryl group; an aralkyl group, or an alkyl group
having 1 to 6 carbon atoms, and

a, b, ¢, and d each are the following repeating-unit numbers.

1<a<20



. : : .|| REPLACEMENY S%HEET,
under the reduced pressure, and the residue .was dissolved ijh a m g{ 9

50 parts of xylol and 50 parts of nethyl isobutyl ketone. r%%m:g ________ ;""Léﬁgi.
off a silicone-nodified acrylic resin containing a sodiums _
PRODUCTI ON EXAMPLE 7 (Synthesis of Silicone-Mdified Acrylic Resin Solution
Cont ai ni ng Sodi um Salt) 200 Parts of the silicone-nodified acrylic resin

sol ution synthesized in Production Exanple 3 was treated in the same nanner
as in Production Exanple 6 to obtain a sgﬁution of a silicone-nodified
acrylic resin containing a sodiumsalt.

0.5gbsg3

12c<10
0<d<6

In this coating resin composition, a part or all of
the silicone compound may have been bonded to a part of the
hydroxyl group-containing resin to form a silicone-modified
resin.

The hydroxyl group-containing resin has a hydroiyl
valué of; for example, from 20 to 300 (especially preferably
from 40 to 120).

The mixing ratio ((A):(B)) of the silicone compound
(A) to the hydroxylated resin (B) is, for example, from 3:97
to 70:30 {especially preferably from 5:95 to 40:60).

DETAILED DESCRIPTION OF THE INVENTION

Silicone Compound {A)}

lThe silicone compounds that can'be used in the
present invention are represented by average composition
formulae (L), (2), (3), and (4). In the present invention)
these silicone compounds may be used either alone or in

combination of two or more thereof.



28 PRODUCTI ON EXAMPLE 8 (Synthesis of Silicane-Mdified Acr
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Sol ution Containing Sodium Salt) 200 Parts-of the silicone-f difle? cmes
résin solution synthesized in Production Exanple 4 was treafleidaten..Lhe...

manner as in Production Exanple 6 to obtain a solution of a

silicone-nodified acrylic resin containing a sodiumsalt. PRODUCTI ON
EXAMPLE 9 (Synthesis of Silicone- Nbdlfled;Acryllc Resi n Sol uti on Cont ai ni ng

Sodi um Sal t)

R* R R! R!
. B |
R'-?io-{?iO}‘r—GSiO}—t‘Si-R' - (1)
R' R rlz ' ;lz*
lRl ?l Rl R| Rl
| | [
R'-?10'f?io}‘?—{?iﬂ}‘z‘{siO}‘?‘Si-R' - (2)
T S T
I;l Rl RI Rl Rl
| |
R'?1&45“3——%SNB—F4SHB——81R' - (3)
R' R X Y Rl
R! Ilzl ' R! R*
[ ! |
Y—?iO‘(?iO)T‘GISiO)—r?i-Y -+ (4)
R R X R!

In these silicone compounds, A is at least one
organic residue selected from the group consisting of the
organic residues represented by formulae (i), (ii), and

(iii).

—CHzCHzCHzOCHzszOCCH=CHCOOH (i)
I

o
_CHZCH!CH:OCH:CHzO%CHz?=CHz -+ (i)

O COOH
_CHZCHzCHzOCHzCHzOﬁ—C=CHz -+ (iii)

l
O CH. COOH




200 Parts of the silicone-nodified acrylic resin solution ﬁpﬁégpgggmﬁﬁﬂEET
Production Exanple 5 was treated in the same manner as in R %dJCO SNOV 1995
Exanple 6 to obtain a solution bf a silicone-nodified acryl esrn“f"f """""""

contai ning a sodi um salt. PRODUCTI ON EXAMPLE 10 (Synthesis of
Silicone-Mdified Acrylic Resin Solution Containing Potassium Salt) 200
Parts of the silicone-nodified acrylic resin solution synthesized i'n
Production Exanple 2 was mxed with 26 parts of a 25 wt % et hanolic sol ution
of potassi um hydroxi de. The solvent was renmoved fromthis solution by

distillation under tBhds athe etoupesepresented by chemdda WEdrmula.
-CH,CH,CH,0CH,CH,0H

X is a 3-acryloxypropyl group or a 3-
methacryloxypropyl group.. Y is a monovalent substituent
containing at least one group selected from the group
consisting of -COOH, -SO;H, and -NR%. This group represented
by Y may be linear or branched. R? is preferably an organic
residue containing hydrogen. This-organic residue is not
particularly limited, and examples thereof include alkyl
groups such as methyl; ethyl, propyl, isopropyl, butyl, sec-
butyl, and t-butyi. Two or more kinds of X and two or more
kinds of Y may be contained in one silicone compound (that
is, t&o of more different groups represented by X and two or
more different groups represented by Y may be present).

In the éilicone compounds described above, ﬁi is an
aryl group (e.g., phenyl or naphthyl), an aralkyl group
(e.g., nonylphenyl), or an alkyl groﬁp having 1 to 6 carbonl
atoms (e.g., methyl, ethyl, propyl, butyl, or hexyl). From
an industrial standpoint, R' is preferably methyl or phenyl.
Two or more kinds of Rlnmy'be contained in one silicone
compound (that is, two or more different groups represented
by R may be present).

In the average coﬁposition formulae (1) to (4)
showing the silicone compounds, a, b, ¢, and d each are the

following repeating-unit numbers.



dissolved in a m xture of 50 parts of xylol .and 50 parts of
ket one. Thus, a solution of a silicone- nodified acrylic resiin
pota55|un1salt was obt ai ned. REPLACEMENT SHEET 29 PRODUCT
(Synthesis of Silicone-Mdified Acrylic Resin Solution Containi
Salt) 200 Parts of the silicone-nodified acrylic resin

8

1<a<20

0.52bs3

1<c<10

0<d<6
Preferably, a, b, ¢, and d each are the following

2;a;15

0.72b<1.5

2<cg7

0.5<d<3

If a is smaller than 1, the weather resist

film cannot be improved by the silicone compounds.
exceeds 20, silicone compounds have impaired react
compatibility with an a,B-ethylenically-unsaturate
If b is smaller than 0.5, the copolymerization pro
silicone compounds to a a,fB-ethylenically-~unsatura
is reduced, and this may result in an increased co
residual unreacted silicone compounds and impaired
resin properties. If b exceeds 3 or if d exceeds
occurs during polymerizatiopn of silicone compounds
a,B-ethylenically-unsaturated monomer, so that sat
film-forming properties are not exhibited. If c i
than 1, it is difficult to impart sufficient hydro
property to the film of the present invention. If
10, the compounds have an increased viscosity, and
reactivity and compatibility thereof with an o,f-

ethylenically-unsaturated monomer are reduced.

CEMENMT SPEET '

50, 5

BE)

i ng Pot assi um

numbers.

ance of a
If a
ivify and
d monomer.
portion of
ted monomer
ntent of
copolymer
6, gelation
with an'
isfactory
s smaller
philic
Cc exceeds

the



sol ution synthesized in Production Exanple 3 was treated in fihe sang | {
-as in Production Exanple 10 to obtain a solution of a silic namﬁmgﬁiigﬁﬂﬁggﬁn
acrylic resin containing a potassiumsalt. PRODUCTI ON EXAMPL SyrrtresH
of Silicone-Mdified Acrylic Resin Solution Containing Potassium Salt) 200
Parts of the silicone-nodified acrylic resin solution synthesized in
Production Exanple 4 was treated in the gane manner as in Production
Exanple 10 to obtain a solution of a sikH=cone-nodified acrylic resin
contai ning a potassium salt. PRODUCTI ON EXAMPLE 13 (Synthesis of
Silicone-Mdified Acryl ieach of the silicone compounds respectively

represented by the average composition formulae (1), (2),
(3), and (4) described above, the repeating units may have
been arranged block-wise, randomly, or alternately.

The silicone compound (A) used in the present
invention can be obtained as follows.
(I) Silicone compound represented by average composition

formula (1)

This silicone compound is commercially available.

For example, silicone compound "KR-9206" (manufactured by
Shin-Etsu Chemical Industry Co., Ltd., Japan) is utilizable
as the silicone compound represented by average composition
formula (1).

(I1) Silicone compound represented by average composition

formula (2)

This silicone compound can be synthesized by reacting

the silicone éompound represented by average composition
formula (1) with maleic -anhydride or itaconic anhydride.
Specifically, the silicone gompound represented by average
composition formula (1) is brought into contact with maleic
anhydride, upon which the terminal OH group of B in the |
silicone compound undergoes esterifiﬁation'reaction with the
maleic anhydride to obtain a silicone compound having A,-
represented by formula (i) described above. When the
silicone compound represented by average composition formula

(1) is brought into contact with itaconic anhydride,



Resin Sol ution Containing Potassium Salt) 200 Parts of the .
sili'cone-nodified acrylic resin solution synthesized in Pr 'Bctt i o0 EXNW)I]%
5°was treated in the same manner as in Production Exanple G “gbteai-me-geee s
solution of a silicone-nodified acrylic resin containing a potassiumsalt-.
PRODUCTI ON EXAMPLE 14. (Synthesis of Silicone-Mdified Acrylic Resin
Solution Containing Lithium Salt) 200 Pajgs of the silicone-nodified
acrylic resin solution synthesized in Pretucti on Exanple 2 was m xed with
11 parts of a 25 wt % ethanolic solution of |ithium hydroxide.

esterification reaction occurs likewise to obtain a silicone

'REPLACEMENISHEE;—E

compound having A represented by formulae (ii) and (iii).

(IIT) Silicone compound represented by average composition
formula (3)

Examples of this silicone compound include the
compounds represented by the following structural formulae.
In the structural formulae given herein, Me and Ph represent

a methyl group and a phenyl group, respectively.

Ph e Me  CsH,0C:H.OH
He;SiO(éiO)z(éio}--{SiO)a(éiO)zSiHe3 ' -+ (a)
éh. ée
C3H40C2H,00C-C,H.COOH
Csl,00C-C=CH-
A

Ph Mo - fe Me
Heasig(éiO)z(éiO}-—fféiO)z(éiO):SiH&g cer (b)
by Le
CoH4OCH2CHCH-N-CH .H
CaHe00C-C<CHz ' OH  C.H.NH,
e

Ph He Me He
He:SiO(éiO)z(LiO}-—-{AiO)z(éiO)ssihea : --{c)
gh Le
C3HsOCH2CHCH . -N-C2H .S0:H
CsHe00C-C=CH. OH  CqHs
ke



REPLACENMENT SHEET 30 The- sol vent was renoved fromthis sol utifjo
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distillation under the reduced pressure, and the residue was dbgtgoﬂ\(zcmmm .
nm-xture of 50 parts of xylol and 50 parts of methyl isobutyl tketene—Fhuss

a solution of a silicone-nodified acrylic resin containing a I|th|un1salt

was obt ai ned. PRODUCTI.ON EXAMPLE 15 (Synthesis of Silicone-Mdified Acrylic
Resin Sol ution Cont ai ni ng L|th|un1SaIt) %gp Parts of the silicone-nodified
acrylic resin

This kind of silicone compounds can be synthesized
through the following route.
First, a silicone compound représented by average

composition formula (5) is synthesized.

Proror v
R'-Exo—flsm}——{&(}}—s—(ls;@—& -R! < {5)
bOR! X YA !

In tﬂe above formula (5),

X is a 3-acryloxypropyl group or a 3-methacryloxypropyl
.-group,

Z is at least one.group selected from the group consisting of
3-glycidokypropyl, 2-(3’,4’'-epoxycyclohexyl)ethyl, 3-
hydroxypropyl, 3-(2’-hydroxyethoxy)propyl, and 3-(4'-(3',3'-
hydroxymethyl Jbutoxy)propyl,

R' is an afyl group, an aralkyl group, or an alkyl group
having 1 to 6 carbon atoms, and

a, b, and c each are the following repeating-unit numbers.

This silicone compound can be synthesized by the
hydrosilylation'reaction of a phenylmethylhydrogenpoly-
siloxane with an alkene having an organic functional group.
This phenylmethylhydrogenpoly$iloxane can be synthesized, for

example, by the following reaction (A).



sol ution synthesized in Production Exanple 3 was treated in tﬁEP%MH%W%%%ﬁBFET
as ih Production Exanple 14 to obtain a solution of a silic;rﬁénn | |N@V
acrylic resin containing a lithiumsalt. PRODUCTI ON. EXAMPLE||L ?Svntwes1

of Silicone-Mdified Acrylic Resin Solution Containing LithiumSalt) 200
Parts of the silicone-nodified acrylic resin solution synthesized in
Production Exanple 4 was treated in the me manner as in Production
Exanple 14 to obtain a solution of a silrcone-nodified acrylic resin
containing a lithiumsalt. PRODUCTI ON EXAMPLE 17 (Synthesis of
Silicone-Mdified Acrylic '

(HSiMe0) «
H20_~ HS04 -
Me1SiOSiMes
0~10TC, 8Hr
Ph2Si (OHe) -
L e
Me;SiO(IiO)—r-éSiO)zSiP!es (A)
He h
(D

From the phenylmethylhydrogenpolysiloxane, the desired

silicone compound can be synthesized, for example, by the

following reaction (B).

; X’ CaHsX'  CaHeZ' Ph
D 2N pe N

(D — neasm(fioa—r—-efioa—c-élsm) 2Siles
2) ' He e Ph

- (B)

In the case of synthesizing compounds (a), (b), and
(c) enumerated above as examplés of the silicone compound
represented by average compgsition formula (3), the following

silicone compounds (a‘) and (b’) are synthesized according to

the method described above.

h He ?e
Me:SiU(in)z(SiO}-—-{in)sSiHen --(a’)
Ph CaHs0C.H.OH

'CJHQOOC-?=CH2
He



Resin Solution Containing Lithium Salt) 200-Parts of the si
acrylic resin solution synthesized in Production Exanple 5
the sane manner as in Production Exanple 14 to obtain a sol
silicone-nodified acrylic resin containing a lithiumsalt.

ﬁﬁmcgeiﬂ(‘ gg;’

I”i"hf A -

REPLACENMENT

SHEET 31 PRODUCTI ON EXAMPLE 18 (Synthesis of Silicone-Mdified Acrylic

13

He e  Me
He:SxO(Slo)z ilO}“‘fSlO) (éxO)asxhea
fe
CaH;,OCH 2CH—CH
CzH.00C- ? =CH, 0

()

.os (b’)

Modifying these silicone compounds (a‘’) and (b’) with

- an acid anhydride, an amine compound, or a sulfonic acid

compound gives the desired silicone compounds (a), (b), and

(c). Specifically, these reactions are as shown below.

acid anhydride
(hexahydrophthalic anhydride)

(a”) > (a)

amine comopound

HN ( CH,CH,N=C-CH,CH(CH;),), ~CH,CCH,CH(CH,),

CH, o)
(b")

v

sulfonic acid compouhd
HN(C,H;)C,H,SO;H
(b’) > (c)

> (b)

(IV) Silicone compound represented by average composition

formula (4)

Examples of this silicone compound include the

following compounds.




Resin Solution Containing Triethylam ne Salt) 200 Parts of t _
silicone-nodified acrylic resin solution synthesized in Prod tionnE@aNﬂVdggs

F REPLACEMENT SHEET
2-was mxed with 47 parts of a 25 wt % ethanolic solution of t|tC&8&yt-amner= -

The solvent was renoved fromthis solution by distillation under the
reduced pressure, and the residue was dissolved in a mxture of 50 parts of
xyl ol and 50 parts of methyl isobutyl kejgne. Thus, a solution of a
silicone-nodified acrylic resin containifrg a triethylam ne salt was
obt ai ned. PRODUCTI ON EXAMPLE 19 (Synthesis of Silicone-Mdified Acrylic
Resin Solution Containing Triethylam ne Salt) 200 Parts of the :
silicone-nodified acrylic resin

e Me He

HOOG CHz) 1o 530 5002 3100 vocO01 ()
_Ae | Ae '
C1H00C-C=CH,
ok
'Hoocczmoo?n2 Me He ?h He Te CH200C-CH {COOH
Hocaz-?cuzocaﬂbfio(£i0+-<?10)z(LiO)s?icsﬂbocuz?cnzooc-cbu‘coon
CzHs He Ph e He CaHs
CH400C-C=CH;
e - (e)
?H Me ?e Ph Me MNe OH
HzNCzH.TCHzCHCHzQC;HgéiO(SiO}-ffiO)z(in)s%icaﬂsocﬂzéHCHzNCzﬂqﬂﬂz
CH.XH, He Ph e He C2H4NH,
CsH400C-C=CH;
' : r'x . <« (f)
OH Me He Ph M Me ot
HO;SC;H4?CH1LHCHzOCzH65iO(SiO}-{Si0)z(éiO)sSiC3H60CHzCHCHzNCzH‘SOJH
Calls Ae Ph Le Ye  Calls
| Calls00C-G=CHz
- (g)

e



sol ution synthesized in Production Exanple 3 was treated in
as in Production Exanple 18 to obtain a solution of a silicc

acrylic resin containing a triethylam ne salt. PRODUCTI ON EX

RiEPLACEMEN? SHEET
[ hé Sane nanner

nﬁkﬁﬁggégfnﬂxjgss

(Synthesis of Silicone-Mdified Acrylic Resin Solution Conta
Triethylamne Salt) 200 Parts of the silicone-nodified acryl

I ni ng
ic resin

sol ution synthesized in Production Exanple 4 was treated in the sanme manner

as in Production Exanple 18 to obtain a ution of a silico
acrylic resin containing a triethylamne salt.

This silicone compound can be synthesize

following route.

ne- nodi fi ed

d through the

First, a silicone compound represented by average

composition formula (6) is synthesized. 1In formula (6), X,

1 . .
Z, R, a, and b have the same meanings as in average

composition formula (5).

R R R R
Lol L]

Z—lan—(?l@—.fISiO)—r?i—Z « (6)
R ¥ R

This silicone compound can be synthesized, for

example, from a reaction product obtained by reacting

tetramethyldisiloxane with 3-methacryloxypropylmethyl-

dimethoxysilane and water in the presence of an

acid catalyst

and from a reaction product obtained by equilibrating

octamethylcyclotetrasiloxane and oc¢taphenylcyclotetrasiloxane

with an alkali, by subjecting the two reaction products to an

equilibrating reaction with trifluoromethanesulf

This synthesis route is shown below as (C).

onic acid.




32 PRODUCTI ON EXAMPLE .21 (Synthesis of Silicone-Mdified Ac BFB%%MEN"SHEET
Sol Uti on Containing Triethyl anine Salt) 200 Parts of the silli cone- @ NOYAIS35 |
acrylic resin solution synthesized in Production Exanple 5 Qatpieat-edi- e -

the sane manner as in Production Exanple 18 to obtain a solufron of a
silicone-nodified acrylic resin containing a triethylan ne salt. PRODUCTI ON
EXAMPLE 22 (Synthesi's of Acrylic Resin Solution) To a reaction mxture
containing 70 parts of xyl ol 16

1) KOH, 150°C, - 4Hr

(thSlO) « t (MESIO) 4

2) C1CHCH,0H I CH2=CHeCOOC H,
He He
- He HMe Ph M
Che=C_ | H20, CF3S0,H 1 °
CO0C 1, Si (OMe)
all, 2 — HS10(Si0) sSi0(Si0) ,SiH
o 0~10T, 6ilr 0~10C, 8ic | | ] I
HNe2Si0SiMe.ll Me Me Me Ph HMe

(ID
bt ?e ?e Y Ph .Te
(ID + CHz=C”CH20Cz".40H EEE———— "0C2"40C3H6\|Si0(?i0) s?iO(lsiO) z?i CsHs0C2H.OH

80 C, 4Hr
Me He Me Ph Me

-+ (C)

In the case of synthesizing compounds (e), (f), and .
(g) enumerated above as examples of the silicone compound
represented by average composition formula (4), the following
silicone compognds-(e') and (f’) are synthesized aécording to

the method described above.

HOCH, He He . Th Te He ?HzOH
HOCHz(fCHzDCsHe&O(310)——-6310) (TxO) 581C;H¢.0CH2(IICHz0H - (e')
Csz He Ph Me Me Csz

C:HsOOC-?=CHz

He
He He ?e ?e
zC_CHOC:beSlO(SIOHSIO) (TIO) 5SIC3HQOCH2KH—CH2 o (f,)
\/ I |
0 Me h Me Me

C;Hbooc-(lz=CHz
Me



and mai ntai ned at 1100C was added dropw se over a period of
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hourg 9 NOV 1935

sol ution containing 10 parts of methacrylic acid, 20 parts of Date:¥..".. resererassasasnes

nmet hacryl at e,
nmet hacryl at e,

2= hydr oxyet hyl
parts of t-butyl
per oxy- 2- et hyl hexanoat e.
of t-butyl peroxy-2- ethyl hexanoate and
thereto dropwi se over a period of 30 m nuates,
aged for 2 hours. Thereafter,

25 parts of 2- ethyl hexyl
and 2 parts of t-butyl
After this m xture was aged for
parts of xyl ol

nmet ha

T 2O

1 hour, 0.5 parts
wer e added
and the resulting m xture was

20 parts of the silicone conpound represented

by the aver agéodbfipinrg tthese cronpeundy @esrratbd( frey evitdbeure awid added

thereto to obtain_an_acrylic resin solution.

anhydride, an amine compound, or a sulfonic acid compound

gives the desired silicone compounds (e), (f), and (g).

Specifically, these reactions are as follows.

acid anhydride

(hexahydrophthalic anhydride)

(e")

amine comopound
HN ( CHch2N=C-CH2CH ( CH3 ) 2 ) 2
I

CH,

(e)

]

-CH3CCHch( CH3 ) 2
I

0

(£7)

sulfonic acid compound
HN(C,H;)C,H,SO,H

(£7)

v

— (f)

> (9)

Compound (11) given above as an example of the

silicone compound represented by average composition formula

(4) can be synthesized by adding the following allyl compound

to the above-specified compqund (II) in the synthesis route

(C) of the silicone compound represented by average

composition formula (6).

- CH,=CH (CH, ) ;COOH

The above-described silicone compounds used in the

present invention have a number-average molecular weight of

from 200 to 100,000, preferably from 500 to 20,000. If the



PRODUCTI ON EXAMPLE 23 (Synthesis of Acrylic -Resin Solution
Sodi um Salt) 200 Parts of the acrylic resin solution synthesfzed, ify £ NUV 199
Production Exanple 22 was treated in the same nanner as in tion

Exanple 6 to obtain a solution of an acrylic resin REPLACEMENT SHEET 33
contai ning a sodium salt. PRODUCTI ON EXAMPLE 24 (Synthesis of -
Silicone-Mdified Acrylic :

18
number-éverage molecular weight thereof is lower than 200, it
is difficult to form a film having sufficient mechanical
strength. On the other hénd, number-average molecular
weights thereof exceeding 100,000 result in impaired
compatibility with the hydroxyl group-containing resin and
the crosslinking agent, making it difficult to obtain a
sufficiently cured film. Number-average molecular weight
herein is determined by Gel-Permission Chromatography (GPC).

Hydroxyl Group-containing Resin (B)

The hydroxyl group-containing resin used in the

present invention is not particularly limited, and resins of
all kinds may be used as long as they contain a hydroxyl
group. Reéepresentative examples of the hydroxyl group-
containing fesin include acrylic resins, alkyd resins,
polyester reSins, epoxy resins, aminoplast resins, acryl-
modified alkyd resins, acryl-modified polyester resins, and
polycarbonate resins.

Especially preferred of the hydroxyl group-containing
resins used in the present invention are those having a
hydroxyl value of from 20 to 300, preferably from 30 to 100.
If a hydroxyl group-containing resin having a hydroxyl value
of lower than 20 is used, the reaction of this resin with the
crosélinking agent is insufficient, resulting in impaired
mechanical physical property. If a hydroxyl group-containing
resin having a hydroxyl value of higher than 300 is used,

this resin has poor compatibility with the crosslinking



. REPLACEMENT SHEET
Resin Solution) To a reaction m xture contai.ning 20 parts offfthe sg gcggv&mgs
conpound represented by the follow ng average conposition fdf Raled. anG.40... ..
parts of xylol and rmaintained at 110[err] C was added dropw
of 3 hours a solution containing 8 parts of nmethacrylic acid, 20 parts of
2- hydroxyethyl nethacrylate, 27 parts of 2-ethyl hexyl nmethacrylate, 25
parts of t-butyl nethacrylate, and 2 parts of t-butyl

per oxy- 2- et hyl hexanoate. After this m xtdri% was aged for 1 hour, 0.5 parts
of t-butyl peroxy-2-ethyl hexanoate and 30 parts of xylol were added thereto

SFODWI se oveaganpker sodthht38 BubEiesendly¢ bhieedesilihi g Ab¥t UpbeavAsdaged
or
Crosslinking Agent (C)

The crosslinking agent in the present invention is

used for forming crosslinks between molecules of the silicone
compound, between molecules of the hydroxyl group-containing
resin, or between the silicone compound and the hydroxyl
group-containing resin.

In the present invention, any compound having in the
molecule thereof a functional group reactive with a hydroxyl
group can be used as the crosslinking agent without
particular limitations. Examples of the crosslinking agent
include polyisocyanate compounds, melamine-formaldehyde
resins, and dibasic acid anhydrides. When this kind of
crosslinking agents are used, the functional groups contained
therein react with hydroxyl groups contained in both the
silicone compound and the hydroxyl group-containing resin at
room temperature or an elevated temperature to three-
dimensionally crosslink the silicone compound and the
hydroxyl_group—cdntaining rgsin, thereby giving a film having
improved mechanical strength.

Use of a crosslinking agent having a hydrophilic
segment is effective in giving a film haﬁihg further improved
anti-pollution properties. Examples of the crosslinking

" agent having é hydrophilic segment include poly(ethylene
glycol)-modified isocyanate "N2-753" (manufactured by Dai-

Nippon Ink & Chemicals, Inc., Japan).
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2 hours. As a result, a solution of a silicene-nodified acry
obtained. The silicone-nodified acrylic resin contained int
corresponds to the resin forned by bonding a silicone conpou

hydr oxyl group- containing resin. [err] 34 PRODUCTI ON EXAMPLE 25
(Synthesis of Silicone-Mdified Acrylic Resin Solution Containing Sodi um
Salt) : 20 '

Resin Composition

The coating resin composition of the present
invention comprises the silicone compound, hydroxyl group-
containing resin, and crosslinking agent described above. A
part or all of ﬁhe functional groups possessed by the
silicone compound and hydroxyl group-containing resin
described above should be in the form of a salt. That is, a
part or all of the acid functional groups or basic functional
groués contained in both the silicone compound and the
hydroxyl group-containing resin should be in the form of a.
salt. A representative technique for forming a salt is to
neutralize the silicone.compound and the hydroxyl group-
containing resin with an acid or an alkali. In the case of
the hydroxyl group-containing resin, a salt structure may be
formed therein during the synthesis thereof by, for example,
using a comonomer having a slat structure, such as sodium
styrenesulfonate.

In the resin composition of the present invention,
the mixing ra;io ((A):(B)) of the silicone compound (A) to
the hydroxylated resin (B) is regulated to from 3:97 to-
70:30, more preferably from 5:95 to 40:60. If the proportion
of the silicone-compound is below 3; the properties 6f the
silicone compound are not sufficiently exhibited, resulting,
for example, in impaired weather resistance of the film. On
the other hand, if the proportion of the silicone compound

exceeds 70, compatibility between the silicone compound and




' " REPLACEMENT SHEET
200 Parts of the silicone-nodified acrylic resin solution synthesj zzmdvﬁ -
Production Exanple 24 was treated in the same manner as in Proatick.i. ..uﬁﬂﬁﬁ.
Exanple 6 to obtain a solution of a silicone-nodified acryl =5 '
cont ai ning a sodium-salt. PRODUCTI ON EXAMPLE 26 (Synthesis of M xed

Sol ution of Hydroxy |. Group-Containing Acrylic Resin and Silicone-Mdified
Acrylic Resin) To a reaction m xture conjpining 70 parts of xylol and

mai ntai ned at 110[err] C was added dropw-se over a period of 3 hours a
solution containing 10 parts of nethacrylic acid, 20 parts of

2- hydr oxyet hyghentiyldroxyllageoupscpatbhindhg2resin is impaired, resulting in

a film having reduced hardness and impaired anti-pollution
properties.

The crosslinking agent is added in an amount
neceésary for the progress of the crosélinking reaction.
Although this addition amount is not particularly limited, it
is usually from 10 to 30% by weight based on the amount of
the mixture of the silicone compound and the hydroxyl group-
contéining resin.

In the resin composition of the present invention, a
part or all of the silicone compound may have been bonded to
a part of the hydroxyl group-containing resin to form a
silicone-modified resin. This composition is preferred in
that it gives a film having further heightened weather
resistance. Methods for bonding the silicone compound to the.

" hydroxyl group-containing resin are not particularly limited.
Examples thereof include a method in which the silicone
compound is added during the synthesis of the hydroxyl group-
containing resin to modify the hydroxyl group-containing
resin with the silicone compound. Another usable method
comprises adding a polyurethane resin, a melamine-
formaldehyde resin, a dibasic acid anhydride, or the like to
thereby bond the silicone compound to the hydroxyl group-
containing resin. |
Utilization of coating resin composition

The coating resin composition of the present



et hyl hexyl nmethacrylate, 25 parts of t-butyl nethacrylate, af REPLAcﬁMEE§SHEET
t-butyl peroxy-2-ethyl hexanoate. After thi's m xture was aged 'fﬁét 1 Bodrid v1995
0:5 parts of t-butyl peroxy-2- ethyl hexanoate and 30 parts oflLx3 ol
added thereto dropwi se over a period of 30 mnutes, and the resulting
m xture was aged for 2 hours. Thereto was then added 100 parts of the
silicone-nodified acrylic resin solutionsgynthesized in Production Exanple
2. Thus, a mixed solution of a hydroxyl group-containing acrylic resin and
a S|I|cone- nodi fied acrylic resin was obtained.

invention is used as a paint after being mixed with, e.g., a

coloring pigment{ an extender pigment; a neCessary solvent,
'and general additives. This paint can be utilized, e.g., as
a paint for outside building walls.

The film formed from the paint containing the resin
composition of the present invention has a moderately
hydrophilic surface due to the salt structure formed in at
least part of the silicone compound and hydroxyl gfoup-
contéining resin. The degree of this hydrophilic property is
usually 65° or lower in terms of contact angle with water.
Since contaminants adherent to this film can hence be easily
removed with water, this f£ilm has excellent anti-pollution
propertieé. Moreover, this film also has excellent
properties in general film properties including weather
resistance, durability, and flexibility because of the
silicone compound contained in the resin components.

The present invention will be explained below in more
detail by reference to the following Examples, but the
invention should not be congtrued as being limited thereto.

Hereinafter, all "parts" are by weight.

PRODUCTION EXAMPLE 1 (Synthesis of Silicone Compound)

A mixture of 40 parts of the silicone compound
represehted by the following average composition formula (7),
44 parts of xylol, 4 parts of maleic anhydride, and 0.5 parts
of dibutyltin oxide was reacted at 100°C for 1 hour. This

reaction was traced by infrared absorption spectrum (IR), by
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Hydroxyl G oup-Containing Acrylic Resin Containing Sodi um Sa

]

an

0200

184

Sirl i cone-Modi fied Acrylic Resin Containing Sodium Salt) The |

of a hydroxyl group-containing acrylic resin and a silicone-nodified
acrylic resin which had been synthesized in Production Exanple 26 was
treated in the sane nmanner as in Production Exanple 6. Thus, a m xed

sol ution of a hydroxyl group-containing.%&rylic resin

which completion of the reaction was ascertained.

Me Ph Me He

He-?iO(flSiO)z(SiO) s%i-ﬂe = (T)
He: Ph . He

C3H,0C2H.0H

Thus, a solution of the silicone compound represented

by the following average composition formula (8) was

obtained. This silicone compound corresponds to the silicone

compound represented by the average composition formula (2)

described hereinabove.

Me Ph He Me Me

| _
He-%iO(?iO)z(SiO)(Siﬂ)s?i-ne -+ (8)
He Ph Me
C3H,0C2H.OH

CsHsOCzH.OﬁCH=CHCOOH

PRODUCTION EXAMPLE 2 (Synthesis of Silicone-Modified Acrylic

Resin Solution)

To a reaction mixture containing 40 parts of the

silicone compound solution obtained in Production Example 1

and 70 parts of xylol and maintained at 110°C was added

drbpwise over a period of 3 hours a solution containing 10

parts of methacrylic acid, 20 parts of 2-hydroxyethyl




containing a sodiumsalt and a silicone-nodi-fied acrylic reg contarning a
sodi'um salt was obtai ned. PRODUCTI ON EXAMPLE 28 (Synt hesis d & Z_NQV]
Sol ution of Silicone Conpound, Hydroxyl G oup-Containing Acr =X :
Silicone-Mdified Acrylic Resin) To a reaction m xture containing 70 parts
of xylol and nmaintained at 110[err]C was added dropw se over a period of 3
hours a solution containing 10 parts of nethacryllc acid, 20 parts of
2- hydroxyet hyl nethacryl ate, 25 parts of 2%- et hyl hexyl nethacrylate 25
parts of t-butyl nethacrylate, and 2 parts of t-butyl
per oxy- 2- et hmehbaangabte, Aﬂﬁeparh55051x&athymaexygeﬂetbacimeUé, 055panatss
of t-butyl peroxy-2-

of t-butyl methacrylate, and 2 parts of t-butyl peroxy-2-

#EPLA EMENTSHEET"

ethylhexanoate. After this mixture was aged for 1 hour, 0.5
parts of t-butyl peroxy—z-éthylhexanoate and 30 parts of
xylol were added thereto dropwise over a period of 30
minutes, and the resulting mixture was aged for 2 hours. As

" a result, a solution of a silicone-modified acrylic resin was
obtained. The silicone-modified acrylic resin contained iﬂ
this.solution corresponds to the resin formed by bonding a
silicone compound to a hydroxyl group-containing resin. In
this siiicone-modified acrylic resin, the acrylic resin

moiety had a hydroxyl value of 86.

PRODUCTION EXAMPLE 3 (Synthesis of Silicone-Modified Acrylic
Resin Solution)

To a reaction mixture containing 20 parts of the
silicone compound represented by the following average
composition formula (9) and 70 parts of xylel and maintained
at 110°C was addéd dropwise over a period of 3 hours a
solution containing 10 parts of methacrylic acid, 20 parts.of
2-hydroxyethyl methacrylate, 25 parts of 2-ethylhexyl
methacrylate, 25 parts of t-butyl methacrylate, and 2 parts
of t-butyl peroxy-2-ethylhexanoate. After this mixture was
aged for 1 hour, 0.5 parts of t-butyl peroxy-2-ethylhexanoate
and 30 parts of xylol were added thereto dropwise over a
period of 30 minutes, and the resulting mixture was aged for

2 hours. As a result, a solution of a silicone-modified



et hyl hexanoate and 30 parts of xylol were added thereto dro mPE%P%¥%?E%?S”E?T-
period of 30 minutes, and the resulting nixture was aged fon 2 houfjs2 NOV 1995
Thereto were then added 100 parts of the silicone-nodified g fegin

sol ution synthesized in Production Exanple 2 and 20 parts of the
REPLACEMENT SHEET 36 silicone conmpound represented by the average

conposition fornmula (7) descri bed above.zghus, a mixed solution of a

—

acrylic resin was obtained. The silicdne—modified acrylic
resin contained in this solution corresponds to the resin

formed by bonding a silicone compound to a hydroxyl group-
‘containing reéin. In this silicone-modified acrylic resin,

the acrylic resin moiety had a hydroxyl value of 86.

- Ph e CsH,0C:H,00C COOH
He:-SiO(SiO)z(LiO)(SiO)sSi-Hes e (9)
Ph : Me
Te
C3He0CC=CH
y

PRODUCTION EXAMPLE 4 (Synthesis of Silicone-Modified Acrylic
Resin Solution)

To a reaction mixture containing 20 parts of the
silicone compound represented by the following average
composition formula (10) and 70 parts of xylol and maintained
at 1;0°C was added dropwise over a period of 3 hours a
solution containing 10 parts of methacrylic acid, 20 parts of
2-hydroxyethyl methacrylate, 25 parts of 2-ethylhexyl
methacrylate, 25 parts of t-butyl methacrylate, and 2 parts
of t-butyl peroxy-2-ethylhexanocate. After this mixture was
aged for 1 hour, 0.5 parts of t-butyl peroxy-2-ethylhexanoate
and 30 parts of xqul were added thereto dropwise over a

period of 30 minutes, and the resulting mixture was aged for



silicone compound, a hydroxyl group-containing acrylic resin?EghﬁCQMENTSHEET
sili‘cone-nodified acrylic resin was obtai ned. PRODUCTI ON E 9
(Synthesis of M xed Solution of Silicone Conpound. Hydroxyl ABE’[e azm)vm

G oup- Cont ai ning Acrylic Resin Containing Sodium Salt, and
Silicone-Mdified Acrylic Resin Containing Sodium Salt) The mi xed sol ution
of a silicone conpound, a hydroxyl group-containing acrylic resin, and a
silicone-nodified acrylic resin which haggbeen synthesized in Pr oduct i on
Exanpl e 28 was treated in the same nanner-as in Production Exanple 6. Thus,

a nixed sol ubi gBuek.a akl hceBguteNPRUBE1uliBNdbeXY! s§louBne0Rbal Bl BE
acrylic resin containing a sodi um
acrylic resin was obtained. The silicone-modified acrylic
resin contained in this solution corresponds to the resin
formed by bonding a silicone compound to a hydroxyl group-

containing resin. In this silicone-modified acrylic resin,

the acrylic resin moiety had a hydroxyl value of 86.

HOOC: ic:oocﬂz ?e Me Ph He Me . CHzOOCj i000H

CzﬂsCCHzOC:HaSiO (310) (?10) 2 (?IO) 5TiC3HaocH2CC2Hs

HOCH, e Ph He He CH200C COOH
' CaHeOOC-(I:=CHz 6

He = (10)

PRODUCTION EXAMPLE 5 (Synthesis of Silicone-Modified Acrylic

Resin Solution)

To a reaction mixture containing 38 parts of the

silicone compound solution obtained in Production Example 1,
1 part of the silicone compound represented by average
composition formula (9) used in Production Example 3 and 71

- parts of xylol and maintained at 110°C was added dropwise
over a period of 3 hours a solution containing 10 parts of
methacrylic acid, 20 parts of 2-hydroxyethyl methacrylate, 25
parts of 2-ethylhexyl methacrylate, 25 parts of t-butyl
methacrylate, and 2 parts of t-butyl peroxy-2-ethylhexanoate.

After this mixtpré was aged for 1 hour, 0.5 parts of t-butyl
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salt, and a silicone-nodified acrylic resin-containing a sodiju
obt ai ned. EXAMPLES 1 TO 16 Wth 4 parts of urethane resin cr
agent "DN 950" (nmanufactured by Dai-N ppon Ink & Chem cal s,
18 parts of the silicone-nodified acrylic resins containing a netal salt or
an am ne salt which had been synthesized in Production Exanples 6 to 21.
Thus, a coating resin conposition was pragared Theret o was added 4 parts
of xylol to prepare a paint. This paint s applied on a glass plate, and
the coated glass plate was allowed to stand at room tenperature for one

week to Obtaﬁgrgxgi §3thfﬁgxgﬁé§%e and 30 parts of xylol were added

thereto dropwise over a period of 30 minutes, and the
resulting mixture was aged for 2 hours. As a result, a
solution of a silicone-modified acrylic resin was obtained.
The silicone-modified acrylic resin contained in this
solution corresponds to the resin formed by bonding.a
silicone compound to a hydroxyl group-containing resin. In
this silicone-modified acrylic resin, the acrylic resin
moiety had a hydroxyl value of.86.

PRODUCTION EXAMPLE 6 (Synthesis of Silicone-Modified Acxrvylic
Resin Solution Containing Sodium Salt)

200 Parts of the silicone-modified acrylic resin
solution ;ynthesized in Production Example 2 was mixed with
11 parts of a 40 wt% ethanolic solution of sodium hydroxide.
The solvent was removed from this solution by distillation
under the reduced pressure, and the residue was dissolved in
a mixture of 50 parts of xylol and 50 parts of methyl
isobutyl ketone. Thus, a solution of a silicone-modified

acrylic resin containing a sodium salt was obtained.

PRODUCTION EXAMPLE 7 (Synthesis of Silicone-Modified Acrylic
. Resin Solution Containing Sodium Salt)

200 Parts of the silicone-modified acrylic resin
solution synthesized in Productibn Example 3 was treated in
the same manner as in Production Example 6 to obtain a
solution of a silicone-modified acrylic resin containing a

sodium salt.



REPLACEMENT SHEET 37 EXAMPLE 17 Wth 4 parts of urethane res
agerit "DN- 950" (manufactured by Dai-N ppon Ink & Chem cal s,
18 parts of the sodiumsalt-containing acrylic resin synthes
Production Exanple 23. Thus, a coating resin conposition was prepared.
Thereto was added 4 parts of xylol to prepare a paint. This paint was
applied on a gl ass 28

pLAcﬁM nrb'r SHEET

PRODUCTION EXAMPLE 8 (Synthesis of Silicone-Modified Acrvylic
Resin Solution Containing Sodium Salt)

200 Parts of the silicone-modified acrylic resin
solution synthesized in Production Example 4 was treated in
the same manner as in Production Example 6 to obtain a
solution of a silicone-modified acrylic resin containing a

" sodium salt.

PRODUCTION EXAMPLE 9 (Synthesis of Silicone-Modified Acrylic
Resin Solution Containing Sodium Salt)

- 200 Parts of the silicone-modified acrylic resin
solution synthesized in Production Example 5 was treated in
the same manner as in Production Example 6 to obtain a
solution of a silicone-modified acrylic resin containing a

sodium salt.

PRODUCTION EXAMPLE 10 (Synthesis of Silicone-Modified Acrylic
Resin Solution Containing Eotassium Salt)

200 Parts of the silicone-modified acrylic resin
solution synthesized in .Production Example 2 was mixed with
26 parts of a 25 wt%-ethanolic solution of potaséiuﬁ _
hydroxide. The solvent”was removed from this solution by
distillation under the reduced pressure, and the residue was
dissolved in a mixture of 56 parts of xylol and 50 parts of
methyl isobutyl ketone. Thus, a solution of a silicone-
modified acrylic resin containing a potassium salt was

obtained.
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plate, and the coated glass plate was-allowed to stand at r
for one week to obtain a crosslinked film EXAMPLE 18 Wth

uret hane resin crosslinking agent "DN 950" (manufactured by
& Chemicals, Inc.) was mxed 18 parts of the sodium salt-containing
silicone- nodified acrylic resin synthesized in Production Exanple 25.
Thus, a coating resin conposition was pregared. Thereto was added 4 parts
of xylol to prepare a paint. This paint was applied on a glass plate, and
the coated glass plate was allowed to stand at roomtenperature for one

week to obt aPROBUCTOON| EKRMALE| Lin (Synthesis of Silicone-Modified Acrvlic
Resin Solution Containing Potassium Salt)

200 Parts of the silicone-modified acrylic resin

solution synthesized in Production Example 3 was treated in
the same manner -as in Production Example 10 to obtain a
solution of a silicone-modified adrylic resin containing a

potassium salt.

PRODUCTION EXAMPLE 12 (Synthesis of Silicone-Modified Acrylic
Resin Solution Containing Potassium Salt)

200 Parts of the silicone-modified acrylic resin
solution synthesized in Production Example 4 was treated in
the same manner as in Production Example 10 to obtain a
solution 6f a silicone-modified acrylic resin containing a

potassium salt.

PRODUCTION EXAMPLE 13 (Synthesis of Silicone-Modified Acrylic
Resin Solution Containing Potassium Salt)

200 Parts of the silicone-modified acrylic resin
solution synthesized in Production Example 5 was treated in
the same manner as in Production Example 10 to obtain a
solution of a silicone-modified acrylic resin containing a
potassium salt.

PRODUCTION EXAMPLE 14 (Synthesis of Silicone-Modified Acrylic

Resin Solution Containing Lithium Salt)

200 Parts of the silicone-modified acrylic resin
solution synthesized in Production Example 2 was mixed with

11 parts of a 25 wt¥-ethanolic solution of lithium hydroxide.



EXAMPLE 19 Wth 4 parts of urethane resin crosslinking agent
(manuf actured by Dai-N ppon Ink & Chem cal's, Inc.) was m xed

the m xed solution of a sodiumsalt- containing hydroxyl grol

acrylic resin and a sodium salt-containing silicone-nodified
whi ch had been synt hesized in Production Exanple 27. Thus, a

“@f?kﬁgﬁmsﬂrsﬁee;_
éiwgﬁgggﬁmmgﬁﬂﬁm'

acryric resrm
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The solvent was-removed from this solution by distillation
under the reduced pressure, and the residue was dissolved in
a mixture of 50 parts of xylol and S50 parts of methyl
isobutyl ketone. Thus, a solution of a silicone-modified

acrylic resin containing a lithium salt was obtained.

PRODUCTION EXAMPLE 15 (Synthesis of Silicone-Modified Acrylic
Resin Solution Containing Lithium Salt) '
.200 Parts of the silicone-modified acrylic resin
soluéion synthesized in Production Example 3 was treated in-
the same manner as in Production Example 14 to obtain a
solution of a silicone-modified acrylic resin containing a

lithium salt.

PRODUCTION EXAMPLE 16 (Synthesis of Silicone-Modified Acrylic
Resin Solution Containing Lithium Salt)

200 Parts of the silicone-modified acrylic resin
solution synthesized in Production Example 4 was treated in
the same manner as in Production Example 14 to obtain a
solution of a silicone-modified acrylic resin containing a
lithium salt.

PRODUCTION EXAMPLE 17 (Synthesis of Silicone-Modified Acrylic

Resin Solution Containing Lithium Salt)

200 Parts of the silicone-modified acrylic resin

solution synthesized in Production Example 5 was treated in
the same manner as in Production Example 14 to obtain a
solution of a silicone-modified acrylic resin containing a

lithium salt.



coating resin conposition was prepared. Thereto was added 4 ||pRERPIAGEMENT SHEET |

to prepare a paint. This paint was applied-on a glass plate)]
gllass plate was allowed to stand at roomtenperature for ong

awed SNNIR..

a crosslinked film EXAMPLE 20 Wth 4 parts of urethane resiTrcrosstrokrng

agent "DN-950" (manufactured by Dai-Ni ppon Ink & Chenical s,
18 parts of the m xed solution of a silicone resin, a sodium
sal t-contai ni ng hydroxyl group-containinglacrylic resin, and

nc.) was m xed

a sodi um

salt-containing silicone-nodified acrylic resin which had been synthesized

in Producti orpPRODUDTION EXAMPLE 18 (Synthesis of Silicone-Modified Acrylic

Resin Solution Containing Triethylamine Salt)

200 Parts of the silicone-modified acrylic resin

solution synthesized in Production Example 2 was

mixed with

47 parts of a 25 wti-ethanolic solution of triethylamine.

The solvent was removed from this solution by distillation

under the reduced pressure, and the residue was dissolved in

a mixture of 50 parts of xylol and 50 parts of methyl

isobutyl ketone. Thus, a solution of a silicone-modified

acrylic resin containing a triethylamine salt was obtained.

PRODUCTION EXAMPLE 19 (Synthesis of Silicone-Modified Acrvlic

Resin Solution Containing Triethylamine Salt)

200 Parts of the silicone-modified acrylic resin

solution synthesized in Production Example 3 was

treated in

the same manner as in Production Example 18 to obtain a

solution of a silicone-modified acrylic resin containing a

triethylamine salt.

‘PRODUCTION EXAMPLE 20 (Synthesis of Silicone-Modified Acrvylic

Resin Solution Containing Triethylamine Salt)

200 Parts of the silicone-modified acrylic resin

solution synthesized in Production Example 4 was

treated in

the same manner as in Production Example 18 to obtain a

solution of a silicone-modified acrylic resin containing a

triethylamine salt.



Thus, a coating resin conposition was prepar.ed. Thereto was HEELQCE%F#§SHEET

of xylol to prepare a paint. This paint was applied on a glagsp aoez N[w
the coated glass plate was all owed to stand at room tenperat Qt!e B3

week to obtain a crosslinked film COVWARATI VE EXAMPLES 1 TO 4 Uslng the
silicone-nodified acrylic resins synthesized in Production Exanples 2 to 5,
crosslinked filnms were obtained in the sane manner as in the Exanple 1.
TESTS The crosslinked filns obtained in ghe above exanples and conparative
exanpl es were subjected to a rubbing test;

PRODUCTION EXAMPLE 21 (Synthesis of Slllcone-Modlfled Acrylic
Resin Solution Containing Triethylamine Salt)

200 Parts of the silicone-modified acrylic resin
solution synthesized in Production Example 5 was treated in
the same manner as in Production Example 18 to obtain a
solution of a silicone-modified acrylic resin containing a
triethylamine salt.

PRODUCTION EXAMPLE 22 (Synthesis of Acrylic ResinISolution)

. To a reaction mixture containing 70 parts of xylol
and maintained at 110°C was added dropwise over a period of 3
hours a solution containing 10 parts of methacrylic acid, 20
parts of 2-hydroxyethyl methacrylate, 25 parts of 2-
ethylhexyl methacfylate, 25 parts of t-butyl methacrylate, .
and 2 parts of t-butyl peroxy-2-ethylhexanoate. After this
mixture was aged for 1 hour, 0.5 parts of t-butyl peroxy-2-
ethylhexanoate and 30 parts of xylol were added thereto
dropwise over a period of 30 minutes, and the resulting
mixture was aged for 2 hours. Thereafter, 20 parts of the
silicone compound representgd by the average composition
formula (7) described hereinabove was added thereto to obtain

- an acrylic resin solution.

PRODUCTION EXAMPLE 23 (Synthesis of Acrylic Resin Solution
Containing Sodium Salt)

200 Parts of the acrylic resin solution synthesized
in Production Example 22 was treated in the same manner as in

Production Example 6 to obtain a solution of an acrylic resin
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measur enent of contact angle with water, an-anti-pollution _
accel erated weathering test. The test and 39 neasur enent n$£ __ VBQS
follows. The results obtained are shown in Table 1. [Rubbin [2)

was rubbed agai nst each filmforward and backward 100 tinmes in an ordlnary
manner, and the state.of the resulting filmsurface was visually eval uated
based on 33

containing a sodium salt.

PRODUCTION EXAMPLE 24 (Synthesis of Silicone-Modified Acrvlic
Resin Solution)

To a reaction mixture containing 20 parts of the
silicone compound represented by the following average
composition formula and 70 parts of xylol and maintained at
.110°C was added dropwise over a period of 3 hours a solution
containing 8 parts of.methacrylic acid, 20 parts of 2-
hydréxyethyl methacrylate, 27 parts of 2-ethylhexyl
methacrylate, 25'parts of t-butyl methacrylate, and 2 parts
of t-butyl peroxy-2-ethylhexanoate. After this mixture was
aged for 1 hour, 0.5 parts of t-butyl peroxy-2-ethylhexanoate
and 30 parts of xylél were added thereto dropwise over a
period of 30 minutes, and the resulting mixture was aged for
2 hours. As a result, a solution of a silicone-modified
acrylic resin was obtained. The silicone-modified acrylic
resin contained in this solution corresponds to the resin
formed by bonding a silicone compound to a hydroxyl group-

containing resin.

He He Me h He
HOOCCzH4TiOSiO(?i0)s(?iOJz%iCzH4COOH
e He Ph Me
He :
_C::HeolC[LCHz - (D



3 . . EPLAGEMENT SHEET
the followng criteria. [err]: no abnormality. 0: alnbst no gbnormalit

[err]: filmsurface slightly blushed. x: fi'lmsurface bl ushe hig.‘ont QCN[IV ]95

Angle with Water] A-0.2-cc water droplet was dropped onto eat

tenperature, and the contact angle of the filmwth the water droplet was
measured at 1 minute after dropping. [Anti-pollution Test] The filns were
subjected to weathering at the weathering test area in N ppon Paint Co.
Ltd., Neyagawa 34

PRODUCTION EXAMPLE 25 (Synthesis of Silicone-Modified Acrylic
Resin Solution Containing Sodium Salt)

200 Parts of the silicone-modified acrylic resin
solution synthesized in Production Example 24 was treated in
the same manner-as in Production Example 6 to obtain a
solution of a silicone-modified aérylic resin containing a
sodium salt.

PRODUCTION EXAM?LE 26 (Synthesis of Mixed Solution of
deréle Group-Containing Acrylic Resin and Silicone-Modified
Acrylic Resin)

To a reaction mixture containing 70 parts of xylol

and maiﬁtained at 110°C was added dropwise over a period of 3
hours a solution containing 10 parts of methacrylic acid, 20
parts of 2-hydroxyethyl methacrylate, 25 parts of 2-
ethylhexyl methacrylate, 25 parts of t-butyl methacrylate,
and 2 parts of t-butyl peroxy-2-ethylhexanoate. After this
mixture was aged for 1 hour, 0.5 parts of t-butyl peroxy-2-
ethylhexanoate and 30 parts of xylol were added thereto
dropwise over a period of 30 minutes, and the resulting
mixture was aged for 2 hours. Thereto was then added 100
parts of the silicone-modified acrylic resin solution
synthesized in Production Example 2. Thus, a mixed solution
of a hydroxyl group-containing acrylic resin and a silicone-

modified acrylic resin was obtained.
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Jigyo-sho for the 2 years of from March 199k to March 1993 to examxz{m)v .
contami nation of the filnms. The degree of contamnination was eyaPatat.c¥l.! .m"mﬁﬁﬁu
déterm ni ng the nmaxi mum and average of AE val ues using a col o= _ :
meter. Criteria for the evaluation are as follows. [err]: no contam nation.
o: alnobst no contam nation. [err]: slight contam nation. REPLACENMENT
SHEET
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PRODUCTION EXAMPLE 27 (Sznthesis of Mixed Solution of
Hydroxyl Group-Containing Acrylic Resin Containing Sodium

Salt and Silicone-Modified Acrylic Resin Containing Sodium
Salt)

The mixed solution of a hydroxyl group-containing
acrylic resin and a silicone-modified acrylic resin which had
been synthesized in Production Example 26 was treated in the
same manner as in Production Example 6. Thus, a mixed
soluéion of a hydroxyl group-containing acrylic resin
containing a sodium salt and a silicone-modified acrylic

resin containing a sodium salt was obtained.

PRODUCTION EXAMPLE 28 (Synthesis of Mixed Solution of
Silicone Compound, Hydroxyl Group-Containing Acrylic Resin,

and Silicone-Modified Acrylic Resin)

To a reaction mixture containing 70 parts of xylol
and maintained at 110°C was added dropwise over a period of 3
hours a solution containing 10 parts of methacrylic acid, 20
parts of 2-hydroxyethyl methaciylate, 25 parts of 2-
ethylhexyl methacrylate, 25 parts of t-butyl methacrylate,.
and 2 parts of t-butyl peroxy-2-ethylhexanoate. After this
mixture was aged for 1 hour, 0.5 parts of t-butyl peroxy-2-
ethylhexanoate and 30 parts of xylol were added thereto
dropwise over a period of 30 minutes, and the resulting
mixture was aged for 2 hours. Thereto were then added 100
parts of the silicone-modified acrylic resin solution

synthesized in Production Example 2 and 20 parts of the
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Weat' hering Test] The filns were subjected to 2, 000-hour irr=dma
sunshi ne weat her-oneter to visually eval uate the state of eboh

T
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contam nati on. xx: consi derable contani nation. (Accel §rated
stfhd. NUX 1995

resut

filmsurface. Further, 60[err] specular surface gl oss was al so neasured
and the retention of gloss (% after irradiation based on the gl oss
nmeasured before irradiati on was determ ned. The visual eval uation was made
based on the following criteria. [err]: 3p abnormality.

silicone compound represented by the average composition
formula (7) described above. Thus, a mixed solution of a
silicone compound, a hydroxyl group-containing acrylic fesin,
and a silicone—modified acrylic resin was obtained. |

PRODUCTION EXAMPLE 29 (Svnthesis of Mixed Solution of

Silicone Compound, Hydroxyl Group-Containing Acrylic Resin
Containing Sodium Salt, and Silicone-Modified Acrylic Resin
Containing Sodium Salt)

The mixed solution of a silicone compound, a hydroxyl

group-containing acrylic resin, and a silicone-modified
acrylic resin which had been synthesized in Production
Example 28 was treated in the same manner as in Production
Example 6. Thus, é mixed solution of a silicone compound, a
hydroxyl group-containing acrylic resin containing a sodium
salt, and a silicone-modified acrylic resin containing a
sodium salt was obtained.

EXAMPLES 1 TO 16

With 4 parts Qf.urethane‘resin crosslinking agent
"DN-950" (manufactured by Dai-Nippon Ink & Chemicals, Inc.)
was mixed 18 parts of the silicone-modified acrylic resins
containing a metal salt or an amine salt which had been
synthesized in Production Examples 6 to 21. Thus, a coating
resin composition was prepared. Thereto was added_4 parts of
xylol to prepare a paint. This paint was applied on a glass
plate, and the coated glass plate was allowed to stand at

room temperature for one week to obtain a crosslinked film.



0: alnost no abnormality. [err]: chal king occurred partly. X Qﬁﬁhﬁ%qﬂfNTsHEET
occurred consi derably. REPLACEMENT SHEET 41 [err] | Date - 0.2 NOV 1995

37
EXAMPLE 17

With 4 parts of urethane résin crosslinking agent
“DN-950" (manufactured by Dal—Nlppon Ink & Chemicals, Inc.)
was mixed 18 parts of the sodium salt-contalnlng acrylic
resin synthesized in Production Example 23. Thus, a coating
resin composition was prepared. Thereto was added 4 parts of
xylol to prepare a paint. This paint was applied on a glass
plate, and the coated glass plate was allowed to stand at
room'temperature for one week to obtain a crosslinked film.

EXAMPLE 18

With 4 parts of urethane resin crosslinking agent
"DN-950" (manufacﬁured by Dai-Nippon Ink & Chemicals, Inc.)
was mixed 18 parts of the sodium salt;containing silicone-
modified acrylic resin synthesized in Production Example 25.
Thus, a coating resin composition was prepared. Thereto was
added 4 parts of xylol to prepare a paint. This paint was
applied on a glass plate, and the coated glass plate was
allowed to stand at room temperature for one week to obtain a
crosslinked film. .

EXAMPLE 19

With 4 parts of urethane resin crosslinking agent
"DN-950" (manufactured by Dai-Nippon Ink & Chemicals, Inc.)
was mixed 18 parts of the mixed solution of a sodium salt-
containing hydroxyl group-containing acrylic resin and a

 sodium salt-containing silicone-modified acrylié resin which

had been synthesized in Prqduction Example 27. Thus, a
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can forma filmhaving i nproved anti-pollution properties w tfh_main
fi'l mproperties generally required, e.g., weather resistance, @Eaug gﬂﬂ“ﬁﬁ@ﬁ,

conposition conprises the silicone conmpound, hydroxyl group-containfng
resin, and crosslinking agent described herei nabove and because at | east.
part of the functional groups contained in at |east one of the silicone
conmpound and the hydroxyl group- containiﬁg resin is present in the form of
a salt. Wiile the invention has been described in detail and

coating resin composition was prepared. Thereto was added 4
parts of xylol to prepare a paint. This paint was applied on
a glass plate, and the coated glass plate was allowed to
stand at room temperature for one week to obtain a
crosslinked film.
EXAMPLE 20

With 4 parts of urethane resin crosslinking agent
"DN-950" (manufactured by Dai-Nippon Ink & Chemicals, Inc.)
was mixed 18 parts of the mixed solution of a silicone resin,
a sodium salt-containing hydroxyl group-containing acrylic
resin; and a sodium salt-containing silicone-modified acrylic
resin which had been synthesized in Production Example 29.
Thus, a cdhting resin composition was prepared. Thereto was
added 4 parts of xylol to prepare a paint. This paint was
applied on a glass plate, and the coated glass plate was
allowed to stand at room temperature for one week to obtain a
crosslinked film.

COMPARATIVE EXAMPLES 1 TO 4

Using the silicone-modified acrylic resins
synthesized in Production Examples 2 to 5, crosslinked films
were obtained in the same manner as in the Example 1.

IESTS

The crosslinked films obtained in the above examples
and comparative examples were subjected to a fubbipg test,
measurement of contact angle with water, an anti-pollution

test, and an accelerated weathering test. The test and
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with reference to specific enbodinents thereef, it will be.| BEPAACEMENT SHEET
skilled in the art that various changes and nodifications cfan bewﬁz%p : '
therein without departing fromthe spirit and scope thereoff|| Date :\\4 "M ;Kmﬁg
CLAIMED 1S: 1. A coating resin conposition, which conprises—at reast—ore =
silicone conpound (A) .selected fromthe group consisting of the silicone
conpounds represented by average conposigbon formulae (1), (2), (3), and

(4), o=

measurement Methods are as follows. The results obtained are
shown in Table_l.
[Rubbing Test]

Xylol was rubbed against each film forward and
backwaﬁd 100 times in an ordinary manner, and the state of
the resulting film surface was visually evaluated based on
the following criteria.

@: no abnormality.

O: almost no abnormality.

a: film surface slightly blushed.

x: film surface blushed.

[Contact Angle with Water]

A" 0.2-cc water droplet was dropped onto each film at
room temperature, and the contact angle of the film with the
water droplet was measured at 1 minute after dropping.
[Anti-pollution Test]

The films were subjected to weathering at the
weathering test area in .Nippon Paint Co., Ltd., Neyagawa
Jigyo-sho for the 2 years of from March 1991 to March 1993 to
examine the contamination of the films. The degree of
contamination was evaluated by determining the maximum and
average of AE values using a color-differéence meter.
Criteria for the evaluation are as follows.

®: no contamination.
O: almost no contaminafion.

a: slight contamination.



a hydroxyl group-containing resin (B), and a crosslinking age tR%%bAﬁ%gﬁﬂ%fHEET
a functional group reactive with a hydroxyl group, at | east p rlﬁaté’f UF&NUIQ%
functional groups contained in at |east one of said silicone Pobmpolnd an :
sai d hydroxyl group-containing resin being present in the formof a salt;
[err] wherein A represents at | east one organic residue selected 44
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X: contamination.

xx: considerable contamination.
[Accelerated Weathering Test]

The films were subjectedlto 2,000-hour irradiation in
a sunshine weather-ometer to visually evaluate the state of
each resulting film surface. Further, 60° specular surface
gloss was also measured, and the retention of gloss (%) after
irradiation based on the gloss measured before irradiation._
was determined. The visual evaluation was made based on the
following criteria.

®: no abnormality.

0: almost no abnormality.

a: chalking occurred partly.

x: chalking occurred considerably.
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formulae (i), (ii), and (iii): [err] B represents -CH2CH2Ck omzcgizgmwiggs.__
represents a 3-acryl oxypropyl group or a 3- nethacryl oxypr opyRaigrufy, ¥ nee.

represents a nonoval ent substituent containing at | east one~—group Sefected
fromthe group consisting of -COOH, [err] and 2 -NR2 (wherein Ris an
organic residue), Ris an aryl group, an argllkyl group, or an al kyl group

having 1 to 6 carbon gtons, and
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a, b, ¢, and d each are the foll ow ng repeating-unit nunber - [err, ;rﬁhg] .
[err] 2. The coating resin conposition as-clainmed in claim Da&@"m"""m“ugﬁﬁu_
part of the silicone conpound is bonded to a part of the hy ey —

group-containing resin to forma REPLACEVENT SHEET 45
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The coating resin composition of the present

invention can form a film having improved anti-pollution
properties with maintaining film properties generally
required, e.qg., weather'resiStance, because the composition
comprises the silicone compound, hydroxyl group-containing
resin, and crosslinking agent described hereinabove and
because at least part of the functional groups contained in
at least one of the silicone compound and the hydroxyl group-
containing resin is present in the form of a salt.

While the invention has been described in detail and
with reference to specific embodiments thereof, it will be:
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the

spirit and scope thereof.



silicone-nodified resin.
claim1, wherein all of the silicone conpo
hydr oxyl group-containing resin to forma
coating resin conposition as claimed in cl

3. The coating re

REPLACEMENT

sin conposition
und i s bonded to
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silicone- nodifie
aiml, whereint

group-contai ni ng resi.n has a hydroxyl

((A):(B)) of the silicone conmpound (A
resin (B) i sydsPpms: Gatery x30 by wei ght.

val ue of from 20 to 300.
coating resin conposition as clained |ng£—a|n1 wher ei n t ﬁg !

t he hydroxyl gr I A Ng
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1. A coating resin composition, which comprises

at least one silicone compound (A)
group consisting of the silicone compounds
average composition formulae (1), (2), (3)

a hydroxyl group-containing resin

selected from the
represented by
,» and (4),

(B), and

a crosslinking agent (C) having a functional group

reactive with a hydroxyl group,

at least part of the functional groups contained in

at least one of said siliéone compound and said hydroxyl

group-containing resin being present in the form of a salt;

Rl Rl Rl Rl
P ] |
R'-?iO—(ISiOH—G?iO)—c—?i-R'
R R B R
R! Rl Rl ) R! R?
| | | ! ‘
R'-?io-(?i0)—3—{?iO)'z*f?iO%*z‘?i-R’
R R A B R?
B R R B R!
| | | ‘I [
R- ?10-{510}—;—{?10}—s—{?10}--?1 -R!
Rt R X Y R!
R! R‘ R R'.
| I |
Y- ?10“€S10)—-4310)-S‘?1-Y
pl pl x Rl

wherein A represents at least one organic

- (1)

- (2)

- (3)

- (4)

residue selected
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6. A nethod of applying a paint conprising a coating resinliconpo 'tgqgw
batgm.1.he. JrolXpx... |

whi ch conprises at |east one silicone ecte

consi sting of the silicone conpounds mnmmmmmmuﬂmeragw CONPOSHEFoH
formulae (1), (2), (3), and (4), a hydfoxyl 'grdup-Scofitai ning resin (B), and
a crosslinking agent (C) having a functional group reactive with a hydroxyl
group, at least -part of the functional qioups contained in -at | east one of

said silicone conpound and said hydroxnybroup-containing resin being
present in tBe fOtHeOhrBup®kbnsk8tihg of the organic residues represented

by chemical formulae (i), (ii), and (iii):

—CHzCHzCHzOCHzCHzO%CH=CHCOOH (i)

)
—CH: CH: CHz OCHz CHz O%CH: (l:=CHz “'(ii)
0 COOH

—CHzCHzCHzOCHzCHzO%—?=CHz - (iii)
O CH: COOH

B represents -CH,CH,CH,0CH,CH,0H,

X represents a 3-acryloxypropyl group or a 3-
methacryloxypropyl group,

Y represents a monovalent substituent containing at least one
group selected from the group consisting of -COOH, -SO,H, and
-NR% (wherein R* is an organic residue),

‘R! is an aryl group, an aralkyl group, or an alkyl group
having 1 to 6 carbon atoms, and

a, b, c, and d each are the following repeating-unit numbers:

0<d<6.
‘2. The coating resin composition as claimed in claim
1, wherein a part of the silicone compound is bonded to a

part of the hydroxyl group-containing resin to form a
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sel ected fromthe group consistin resi dues rj present KEE
chem cal fornulae (i), (ii), and(ﬂmmﬂﬂmﬂﬂﬂ ”“l Date ..... Q. CHz. 9.
COOH B represents - CH2CH2CH20CH2 represents a 3-a

group or a 3- nethacryl oxypropyl group,
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silicone-modified resin.

3. The coating resin composition as claimed in claim
1, whérein all of.the silicone compound is bonded to a part
of the hydroxyl group-containing resin to form a silicone-
modified resin. ‘

4. The coating resin composition as claimed in claim
1, wherein the hydroxyl group-containing resin has a hydroxyl
value of from 20 to 300.

5. The coating resin composition as claimed in claim
1, wherein the mixing ratio ((A):(B)) of the silicone
compound (A) to the hydroxyl group-containing resin (B) is
from 3:97 to 70:30 by weight.

6. A method of applying a paint comprising a coating
resin composition which comprises

at least one silicone compound (A) selected from the
group consisting of the silicone compounds represented by
average composition formulae (1), (2), (3), and (4),

a hydroxyl group-containing resin (B), and

a crosslinking agent (C) having a functional group
reactive with a hydroxyl gréup,

at least part of the functional groups contained in
at least one of said silicone compound and said hydroxyl

group-containing resin being present in the form of a salt;
Rl Rl Rl Rl

[ |
R!- ?10—4'810)-1—(-1510)ﬂ-§x R = (1)
R B B é‘



»

REPLACEMENT SHEET 47 Y represents a nonoval ent substituent ¢
| east one group selected fromthe group consisting of -COOH,
[err] -NR2 (wherein Ris an organic residue), [err] is an ar
aral kyl group, or an alkyl group having 1 to 6 carbon atons,
and d each are the follow ng repeating-unit nunbers:

OREALACEMIERT SHEET
[err] and -
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R R! ‘% R! R

[ | { | l
R’-?iO—f?iO}'i'fin}—r'f?i0}—?-?i-R' -+ (2)

Rt R! A B R

Rt R‘ R R R!

] | | |
R'-?iO—{?iO}—r—{?i0)'?‘%?10}-?‘?i-R' - (3)

R* Rt X Y R

R R R! R!

| l |
Yﬁﬁ@*?ﬂ»-r*?ﬁ»ﬁr?bY -+ (4)

R R! X R?

AN

wherein A represents at least one organic residue selected

from the group consisting of the organic residues represented

by chemical formulae-(i), (ii), and (iii):

—CHzCHzCHzOCHzCHzOﬁCH=CHCOOH == (i)

o)
—CHzCHzCHzOCHzCHzO%CHz?=CHz e (i 1)
‘. o) COOH

_CHzCHzCHzOCHzCHzO?_?=CHZ

=+ (iii)

|
O CH: COOH

B represents -CH,CH,CH,0CH,CH,0H,
X represents a 3-acryloxypropyl group or a 3-

methacryloxypropyl group,



-~

1<a$20 ferr] . REPLACEMENT SHEET .

(T I ,!,f o 02000185, |

47

Y represents a monovalent substituent containing at least one

group selected from the group consisting of -COOH, -SO,H, and

-NR% (wherein R’ is an organic residue),

R' is an aryl group, an aralkyl group, or an alkyl group

having 1 to 6 carbon atoms, and

a, b, ¢, and d each are the following repeating-unit numbers:
1<a<20

0.5<b<3
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COATING RESIN COMPOSITION
ABSTRACT OF THE DISCLOSURE

A coating resin composition is disclosed, which
comprises |

at least one silicone compound (A) selected from the
group consisting of the silicone compounds represented by
average composition formulae (1), (2), (3), and (4),

a hydroxyl group;containing resin (B), and

a crosslinking agent (C) having a functional group
reactive with a hydroxyl group,

at least part of the functional groubs contained in
at least one of said silicone compound and said hydroxyl

group-containing resin being present in the form of a salt;

R* R R! R! :
A '} |
R'~?i0—4?i0)—x-{?i0}-z-?i-R‘ - (1)
R Rt B R!
ROR B! R! R!
I | P [
R‘-?iO—(?iO)—.-GlsiO)—z—é?iO)—T?i-R‘ - (2)
R' R A B R
R R R! ]! R!
[ | | |
R'-?i0~{?i0}—t-(?i0}-r-{?iO}-?-?i-R' o (3)
R' Rt X Y R!
R B! R! B!
] I |
H-Si0-68i0) 510511 e )
R' R X - R

wherein A represents at least one organic residue selected
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49,
from the group consisting of the organic residues represented

by chemical formulae (i), (ii), and (iii):

—~CHz2 CH: CH; OCH, CH., OﬁCH=CHCOOH_ == (i)

0

"'CHz CHz CH: OCHz CHz O%CHz CIZ=CHz "(11)
O COOH

fCHz CH: CH: OCH. CH. Oﬁ-(lz‘—‘CHz - (iii)

O CH. COOH

B represents -CHZCHZCH20CH2CH20H,.

X represents a 3-acrylokypropyl group or a 3-
methacryloxypropyl group,

Y represénts-a monovalent substituent containing at least one
group selected from the group consisting of -COOH, -SO;H, and
-NR% (wherein R’ is an organic residue),

R' is an aryl group, an aralkyl group, or an alkyl group
having 1 to 6 carbon atoms, and

a, b, ¢, and d each are the following repeating-unit numbers :

'1;9;10
0<d<6;
and further*a'method of applying a paint comprising the above

coating resin composition is disclosed.

'



