DESCRI PTI ON Wt er - Base Coating Conposition and Coated Steel Sheet 5
TECHNI CAL FI ELD The present invention relates to a water-base coating
conposition and a coated steel sheet. BACKGROUND ART Sol vent type coatings
have mainly been used for anticorrosion coating in large 10 structures,
such as ships, bridge, tanks and plants. In the coatings, however, the
demand for water-base coatings using water as a solvent has recently been
i ncreasing due to consideration of environnmental preservation, such as
reduction in volatile organic conpounds (VOC) and consi deration of the
safety during coating or storage of coatings. .Anmong such applications,
ships, bridges and the like require a high level of 15 anticorrosion
property because they are used in an_environnent where they are |iable of
be i nfluenced by salt water. Howev ePESGRHZAONt er - base coatings have a
hydrophilic functional group, they will be inferior in anticorrosion
property to solvent type coatings. Moreover, in coating of such |arge

structures, the coati watdilBdse 0®afy @5Mpsstion dndruated Ste@ Jhesti ng coating since
curing by heating cannot be applied. In addition, 20 even in use of a

wat er - base coating, it is required to give coating film appearance, such as
gl oss as go hat sol vent coatings. In such restrictions, it has been
very %i ffl@’g@ﬁﬁgé@b@ﬁiﬁ) an anbi ent tenperature drying, water-base coating
conposi tion whi cfye ﬁr%se%%ﬁa‘l?:zlaﬁt Lretafes 30 LR THASd ﬁ}tiﬁég&ﬁws\{%&l’ ha90Rdtedn
coating filmappearance. Furthernore, such problens w econme nore serious
when coat i ngedl shadone under a 25 high hum dity because the coating film

appearance deteriorates easily. Patent docunent 1 discloses an agueous
di sper si on BACKGROYNDBBTf i ed epoxy ester resin having a specific

oat i ng compos! {FOHCTSTREACANTS TeKs A Db Serb L PuRBIToRat chilinge MRS 1
gg;{ ?%g on T §djchirad)SBeh NP HridgBVaRks dnd GRAkd. NOn kike &ﬁfiﬁgs?ﬂo@wer}{ﬁé ng such
demand for water-base coatings using water as a solvent has recently been increasing
due to consideration of environmental preservation, such as reduction in volatile organic
compounds (VOC) and consideration of the safety during coating or storage of coatings.
Among such applications, ships, bridges and the like require a high level of
15 anticorrosion property because they are used in an environment where they are liable of
be influenced by salt water. However, since water-base coatings have a hydrophilic
functional group, they will be inferior in anticorrosion property to solvent type coatings.
Moreover, in coating of such large structures, the coating must be an ambient
temperature drying coating since curing by heating cannot be applied. In addition,
20 even in use of a water-base coating, it is required to give coating film appearance, such
as gloss as good as that of solvent coatings. In such restrictions, it has been very
difficult to obtain an ambient temperature drying, water-base coating composition which
is excellent in anticorrosion property and good in coating film appearance.
Furthermore, such problems will become more serious when coating is done under a
25 high humidity because the coating film appearance deteriorates easily.
Patent document 1 discloses an aqueous dispersion of a vinyl-modified epoxy

ester resin having a specific structure. It also discloses that a coating film formed with

a water-base coating composition containing the aqueous dispersion has excellent
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conposi tions, the problens nentioned above cannot be sol ved conpletely.

Pat ent docunent 2 discloses a specific block polynmer containing a

pol yor ganosi | oxane unit and a polyallcylene oxide unit. It is disclosed that
when a small 5 anpbunt of the block polynmer is added to a coating nmateri al
it can inpart surface nodification effects, such as a surface tension

regul ating function and an adhesiveness inparting function, to the coating
mat eri al . However, use of this conpound for an anticorrosive, anbient
tenperature curing type coating is not disclosed. Patent docunent 3

di scl oses cal ci um carbonate suitable for incorporation into 10 water-based
coating conpositions. However, use of this coating for water-base coatings

that are re U|redt0 tlco Jolde rt iS naqt cl osed.
Patent  docy AN fe“atspcaenei%%a?@ﬁwnuaﬁ S %ﬁl&g AR e 2 hat ent
docunent 2: colﬁ‘;l%ﬂ%@ tﬁ@b%lenls@b{énﬂgn@%v%andd@be etfly. Pat ent docunent
3: Japanese Patent Layi hg- Open No. Sho 62-212480 A 1 | SCLOSURE OF THE

| NVENTI ON PROBL ERBefft@o8EmSBIMERIB¥s TsecifiEOEK @hyher dontpintingd t he

above-nentioned sityations, an object of the present .invention is
provide a B BPTZBAES owawm@n%ﬁﬁéfg‘h‘ﬁwﬁ%uwcolétSéHSCéqss%rhagWé@ﬂaélaQ% ed

W th tBe  Vehns bRk 03t GIUREREL Aot NEGRIROR i BbRGLRRUl Labl e for

use in ships, avi ng excellent g coalngfllm

appear ance gaidifiRfidncafects s aP b Q@Edde tensioMtegilatigofactionemd de adldsivegdser i or at e
even in coating under hi gh hum dity conditions. MEANS FOR SOLVI NG THE
PROBLEMS Thénmﬁnctiqwm]tm@ﬂamg raatmlerH@a@éercg@mfﬁ@ls @@mp@mdtfpbw i ncl udi ng

an aqueous ersion,t (g Vi n%l - nodi fh,ed e | n and cal ci um
car bonat e, 53r° Ve H’énbé%ﬁ TR AMCCHP B hRE&° %m F@Bﬁ %FCH %Fed cal ci um
carbonate treat eg,phi doAmeR § diddlods CAIBYM caPRIndTEi BN K@ ricthiishinlo 9r oup
and is contained 1n the coating conposition in a proportion of from20 to
50% byiOvol umateribasedsohting ommCesntons andowewen) use®f thas cantiof forpygereldsé t ot al sol i d
content of the coating is .50% | ess. -2
coatings that are required to ave high anticorrosion property is not disclosed.
Patent document 1: Japanese Patent Laying-Open No. 2003-119245 A
Patent document 2: Japanese Patent Laying-Open No. Hei 10-195202 A
Patent document 3: Japanese Patent Laying-Open No. Sho 62-212480 A
15 DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
In light of the above-mentioned situations, an object of the present invention is
to provide a water-base coating composition and a coated steel sheet coated with the
water-base coating composition, the composition being suitable for use in ships, bridges,
20 etc. and having excellent gloss, coating film appearance and anticorrosion property,
which properties do not deteriorate even in coating under high humidity conditions.
MEANS FOR SOLVING THE PROBLEMS
The present invention is a water-base coating composition including an aqueous
dispersion type vinyl-modified epoxy ester resin and calcium carbonate, wherein the
25 calcium carbonate is precipitated calcium carbonate treated with a salt of a vinyl
polymer having a carboxyl group and is contained in the coating composition in a

proportion of from 20 to 50% by volume in a solid content, and a volume ratio of

pigment/total solid content of the coating is 50% or less.
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It is desirable that the cal cium carbonate has an average particle dianeter
of from 0.01 to 0.5 m It is desirable that the salt of a polyner having a
carboxyl group be a sodium anmmoni um and/or amino salt of a vinyl polyner
obt ai ned by polynerizing a vinyl 5 nononer conposition containing at |east
one ct, (3 unsaturated dicarboxylic acid selected fromthe group consisting
of acrylic acid, nethacrylic acid, crotonic acid, maleic acid and itaconic
acid. The aqueous di spersion type vinyl-nodified epoxy ester resinis
desirably one obtained by subjecting a condensate (c) produced by
condensi ng an epoxy resin (a) and 10 a fatty acid (b) as essenti al
conponents and a vinyl nononer conposition (d) containing an acid

group-contai nin r|z tiaon. hat the
amount of the muELTaTEdy Ul Hetaleu PR R B evpiabn bR LR B et
by mass basgg; ao3QQyparts by mass of the conbi ned wei ght of the condensate
(c) and the mxture (d). 15 It is desirable that the water-base coating
conposi tion furthéydesoablathas the sakiof b polymerrhaliidg & carb@ok groupdie.sodium, s
desirable that the silicone-nodified epoxy resjn includes a conp ound
r epr esent edalwomﬁ@ ang{qr GpnRysa e @rvanyl P@lb’WﬁT abtaipgd by polumerizing agmxl U v-~0 U
v-0 N5- o monc%(merxcomzpolsjftlon coxcljtammg at least one a3 unsaturated dicarboxylic acid selected
from the group consisting of acrylic acid, methacrylic acid, crotonic acid, maleic acid
and itaconic acid.
The aqueous dispersion type vinyl-modified epoxy ester resin is desirably one
obtained by subjecting a condensate (c) produced by condensing an epoxy resin (a) and
10 a fatty acid (b) as essential components and a vinyl monomer composition (d) containing
an acid group-containing monomer to graft polymerization.
It is desirable that the amount of the mixture (d) of the vinyl compounds is not
less than 15 parts by mass based on 100 parts by mass of the combined weight of the
condensate (c¢) and the mixture (d).
15 It is desirable that the water-base coating composition further contains a
silicone-modified epoxy resin.
It is desirable that the silicone-modified epoxy resin includes a compound

represented by the following general formula (1):

[Chem. 1]
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or U is a structure represented by 5 [Chem 3] R Rl

----CgH6(Si O aSi C3H6- R2 R2 and U2 is -Q(R30)h-, where R3 is -(CH2) or
-CH2CH(CH3) -, wherein R and R2 are each an alkyl group having 1 to 8
carbon atons, an aryl group having 6 to 10 carbon atons or an aral kyl group
having 7 to 9 carbon atons, R4 is hydrogen or a nethyl group, 10 a is an
integer of froml to 135, b is an integer of from2 to 230 and ¢ is an
integer of from1l to 4, Ais an organic group bonding to its adjoining
-CHR- with a carbonyl group interposed therebetween, n is an integer of
fromlto 16, R10 is an al kyl group having from1l to 8 carbon atons which
may have a hydroxyl group and/or a corrpound represent ed by the foll ow ng

general fornula (Ua % 4]R Ni\ Uy Nx x V-o N
--gyp X X Nvherein U”is - O(R Yo, where 1S - (CHz)c or CH2CH(CH3) and U? is a structure

represented by

[Chem. 2]
R! R!
L
"“‘"C3H6(Si0)aSi03H6'—
2 2
R R , or U' is a structure represented by
5 [Chem. 3}
R' R
|
“""‘C3H6(Si0)aSiC3H6""‘“"
R® R?

and U? is -O(R’0);-, where R’ is -(CH,).- or -CH,CH(CH;)-, wherein R' and R* are
each an alkyl group having 1 to 8 carbon atoms, an aryl group having 6 to 10 carbon
atoms or an aralkyl group having 7 to 9 carbon atoms, R* is hydrogen or a methyl group,
10 a is an integer of from 1 to 135, b is an integer of from 2 to 230 and c is an integer of
from 1 to 4, A is an organic group bonding to its adjoining -CHR*- with a carbonyl
group interposed therebetween, n is an integer of from 1 to 16, R' is an alkyl group
having from 1 to 8 carbon atoms which may have a hydroxyl group, and/or a compound

represented by the following general formula (2):
15 [Chem. 4]
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The present invention is also directed to a coated steel sheet having a
coating filmforned fromthe water-base coating conposition nentioned
above. In the followi ng, the present invention is described in detail. 5 The
wat er - base coating conposition of the present invention contains a specific
wat er -di spersible resin and also contains a relatively |arge anmount of

cal ci um carbonate having been subjected to a specific treatnent. That is,

i ncorporation of calcium carbonate relatively nore than usual can increase
the thickness of a coating filmin coating. If it is possible to thicken a
coating film the anti-corrosiveness wll thereby be 10 enhanced. As a
result of this, it is possible to inprove the anti-corrosiveness. Further,

choosing a specific gpecigs as the calciumcarbonate for use prevents

occurr ence hergindb) Breandfe Hhepnghi 8t bavegha sanahdefinitiges angenssd formua @dore, a

coating conposition is.abtained whi.ch solves all t bl ens mely, to
provi de a wat er -'ft‘)}&sper,esenéf%'lg%hqn lgglﬁ%glr%t‘ifft@ aﬁofqugste(:e(h;%ﬁ%{]gﬁw}goa ‘f%ﬁ? ve

anti - cor r osfilMPRAERE framdhé WafBribieddoatiddcARRARIOAEEtBNEH dRe! | Ke. I n addition,
t he wat er-base coating conposition of the present invention has an

excel | ent properinthe follohang, diet resent mvérsioniindeppesriaderilof a coating film
does not occur even if goati n‘g S per.f.ormfe under high hum djty conditions.
The waPer-base cbift WAGIEBIFFO3ING CHMRISIIOR LT Hiequessnt MMYERAICOR A ASBIHE cal ci um

carbonate | g BLBEKH A G S0P 8t PGBl LOLAIR 380l b o

possi bl e t ohdvitptRes Subljeed b £iHREIHS tr@htnRnC 0HaD B, inkbifofHioARE cAlyiu@ne coat i ng
operation. As aresult, it is possible to inprove the anticorrosion

property of cabenata ietagively Inmre Thae uswad gan inofeasettbe tatknessmicanoptingfile o be
incorporated is preferably from?20 to 50% ol ume, and nore preferably
from 50t ocsoeby TicH At fo ek Podde it S eoiErran s Wil hsresy 62

aboveqgent i &nﬁgce%ff%tasreﬁﬁ@off%ﬁisﬁ@rs ;J%si99ft@inﬁﬁgveswﬁfahﬁicsf}&ivene&st it is nore

t han 50% by volume, coating film appearance, such as gloss, wll be

af f ect ed. Thertlea] choosing arspenifat peciss prtbe cgicitmtoarbonalefornsepagveonsat e t r eat ed
with a salt of a vinyl polynmer having .a carboxyl group. The precipitated
cal ci um car PefyEicace ¢f soblems such as deterioration in appearance. Therefore, a Coating
composition is obtained which solves all the problems, namely, to provide a water-base,
ambient temperature drying coating, to improve anti-corrosiveness, and to maintain
15 appearance and the like. In addition, the water-base coating composition of the present
invention has an excellent property in that deterioration in appearance of a coating film
does not occur even if coating is performed under high humidity conditions.
The water-base coating composition of the present invention contains calcium
carbonate in a proportion of from 20 to 50% by volume in a solid content. This can
20 increase the viscosity of the coating and therefore it is possible to increase the thickness
of a coating film formed by one coating operation.  As a result, it is possible to improve
the anticorrosion property of a coating film. The amount of the calcium carbonate to
be incorporated is preferably from 20 to 50% by volume, and more preferably from 30
to 50% by volume. Ifiit is less than 20% by volume, the above-mentioned effects can
25 not be obtained sufficiently. If it is more than 50% by volume, coating film appearance,
such as gloss, will be affected.

The calcium carbonate is precipitated calcium carbonate treated with a salt of a

vinyl polymer having a carboxyl group. The precipitated calcium carbonate thus
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treated exerts good dispersibility in water and therefore it will not cause
probl enms such as deterioration in appearance even when it is incorporated
in an anount as large as from20 to 50% by volunme in a solid content. The
wat er - base coating conposition of the present invention may be one which 5
further contains a pignent other than the above-nentioned cal ci um carbonat e.
In such a case, it nust be contained in a proportion such that the vol une
ratio of a pigment/a total solid content of the coating nay be 50% by
volume or less. By adjusting the anount to within the above-nenti oned
range, it is possible to maintain the gloss of a coating filmand it
therefore is possible to forma coating filmwth good appearance. 10

Exanpl es of other pignent. which can be used for the vvater-base coati ng
conposi t i ontreAted FETs EESR ASPETARRILY ingrater o dbeseiose BAILAS ctieaprat e 84l t at ed

bari um - sul ﬁsazie“t‘?no%t?c% ﬂQE?éa?zln%e &l @ﬁén’l&s@ﬁc% b3d %Pﬁgsrﬂ‘ﬁg{tg dyp oxi de and

car bon; and reventive plgnents such a zinc p e salt of a

vi nyl poI ynﬂbmfw/tb@@"/abyﬁadlbmxydagcflfdu:@nteﬁt desirably a SOdI um 15 anmoni um
and/or am no salt of a vinyl polynmer obtained by polynerizing a vinyl

nonomer conposi tﬂ"bmwetﬁnibasemOﬁgn&comwmonmﬁéheapfemtmﬁmt@name’cbedlma’rlb@b(yI ic
acid elec{aﬁgfromthe r ou ﬁ &]legof acr I|c aci d methacal aci d,
crotonPc acitMehelees &es H‘ea‘ﬁ‘&f ?rt @oqysrgent éd §%{F‘Pmocfaﬂ%?“ﬁenyrr[ JEPy mer
having a cagbaxyy pwocdn%al%%hrga%m FORANTRe Aflum@fhibrd Cpcéna@%at urat ed

nonocar boxylic acid (acrylic aci acrylic aC| crotoni etc.)
and an a, 4dtainshd usméredf thecaating ylay be a@%day(wmainea@rlassl dBylaﬁﬁxs’Orli‘g theaci d, and
the like). It is nore desirable that the anount of the a, -unsat ur at ed

di car boxyl i ema@ntdo mgthipthe abeiermensipnag sngerit s @w%gb@a@wrwe gbcéﬁ pEaby nmass
of the a, ( 3 ?tﬁ%%{‘lﬁﬂ tﬁg BRF& {le)%x%hé fo fo?l% coa& ﬁ-lpnewﬁﬁ‘ gE)O(f Lépcp%fl%ngé/ | pol ymer

havi ng a ca? esira era e ar Wwei ght of

from3@o to 5000@xar§€ﬂe§9ﬂ&ﬁ&ﬂ;ﬁ§mérﬁ WHléHHaﬂ b%kh@éﬂ Rr Emaer-béselcgatu@oss' ble to
achi eve a favorable treatnent on cal cium carbonate. Here, the nunber

aver age nol ecmpesitionedfghe piesens invahticn iodude mmdersrsut:leameclpltmd baium ene,

through sulfate, clay and talc; coloring pigments such as titanium oxide and carbon; and rust

preventive pigments such as zinc phosphate.
The salt of a vinyl polymer having a carboxyl group is desirably a sodium,

15 ammonium and/or amino salt of a vinyl polymer obtained by polymerizing a vinyl
monomer composition containing at least one a, 3-unsaturated dicarboxylic acid
selected from the group consisting of acrylic acid, methacrylic acid, crotonic acid, maleic
acid and itaconic acid.

The salt of a vinyl polymer having a carboxyl group is desirably a copolymer of

20 an o, f3-unsaturated monocarboxylic acid (acrylic acid, methacrylic acid, crotonic acid,
etc.) and an «a, B-unsaturated dicarboxylic acid (maleic acid, itaconic acid, and the like).
It is more desirable that the amount of the o, B-unsaturated dicarboxylic acid is 120
parts by mass or less based on 100 parts by mass of the a,-unsaturated monocarboxylic
acid.

25 The salt of a vinyl polymer having a carboxyl group desirably has a number average
molecular weight of from 500 to 50000. By adjusting to within such a range, it is

possible to achieve a favorable treatment on calcium carbonate. Here, the number

average molecular weight is a value obtained, in terms of polystyrene, through
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-8 neasurenent by gel perneation chromatography (GPC). The salt of a vinyl
pol ymer having a carboxyl group can be obtained by performng

pol ynmeri zati on of the nmonomer in a solvent such as water and organic
solvents, and neutralizing the resulting vinyl polymer with a sodi um
conpound, an 5 ammoni um conpound, an organi ¢ am ne conpound, or the |iKke.
The treatnment of the calciumcarbonate with the salt of a vinyl polyner
having a carboxyl group may be a treatnment by wet grinding,

dryi ng/ powderi zation, or the like. 1In the treatnent, it is desirable to
cause fromO0.01 to 10 parts by mass, based on 100 parts by nmass of the

cal ci um carbonate solid content, of the salt of a vinyl polynmer 10 having a

car boxyl grou% to be ad orbed.. Th averaaq@ﬂg%%;)cl e dianeter of the cal cium
carbonate i%® BE%"?eQBPX/g‘T PEHNEFLY CRIMagNEs is less than 0.01 m a

problem that the i st orage
stability of a ng{‘%aﬁtgdf@\&ﬁﬂ gQIP g]trerle}(l)fgrt%ed %’%?/é)épg&%%%?ﬁe @B'QQEQE ds 0.5 m a
pr obl em t haperfimthedobdmserizhtién 6fxdé md@ofnet inaCsatvenniucheas olateniandédrgany 15 ari se.
The average particle dianeter as referred to hereinis the length of a side
of a cubi csdyepss, and sat@hzng g resulting eyl ppbyater withsoflsecampaangedsur ed by

th bsor pt thod (BET met hod), whi | | bonat
par P ePea t AnBEP LSRG 140 e e RO HepEr 5 B9 HRF Aol o pr oduct may 4l S0

be used as the C@h@tr@iﬂn@ﬁrmw&%luﬁlr&%ﬁﬂeWflfhhh& ba: 5@ {ingf é)loiayrﬂé'r HWmé)Ql ymer

havi ng a carboxyl group. One exanple of such 20 a comrercially avail able
product is bdﬂmwgrc(upmmyfmcatmwdemwyMIgun@ag cxirymg/@owderlz{amdn)or tHeike.
wat er - base coati ng nposi tion of the present inventjon contains the

aqueous di spethg tr@ﬁtnieybét 5 degrablede .cwseém@b%% t@d? party Bmass, haed a8dLous
di sper si on thPseog %55@ iftl{gocqlc dn? ggﬁ&?sz%( %oqlﬁt %Bte'fne %'fg'ne saltBf 5%?1:%/%&9 é}l ned by

nmodi fying a contal n vinyl group
and i gpa vvahgﬁngjaaggé@u BtoRip ta BB &dvrbedt ¢ errperature curing resin. It has a

characteristic of being excellent particularly in anticorrosion property.

The average particle diameter of the calcium carbonate is desirably from 0.01 to
0.5 um. Ifitis less than 0.01 um, a problem that the calcium carbonate easily
flocculates and the storage stability of a coating will deteriorate may arise. If it
exceeds 0.5 um, a problem that good gloss of a coating film can not be obtained may

15 arise. The average particle diameter as referred to herein is the length of a side of a
cubic crystal determined from the specific surface area measured by the gas absorption
method (BET method), while assuming calcium carbonate particles to be cubic particles.

A commercially available product may also be used as the calcium carbonate
treated with the salt of a vinyl polymer having a carboxyl group. One example of such

20 a commercially available product is LUMINUS (manufactured by Maruo Calcium Co.,
Ltd.).

The water-base coating composition of the present invention contains the
aqueous dispersion type vinyl-modified epoxy ester resin. The aqueous dispersion type
vinyl-modified epoxy ester resin is a resin obtained by modifying an epoxy ester resin

25 with a compound containing a vinyl group and is a water-dispersible, ambient
temperature curing resin. It has a characteristic of being excellent particularly in
anticorrosion property.

The aqueous dispersion type vinyl-modified epoxy ester resin is desirably one
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The aqueous di spersion type vinyl-nodified epoxy ester resin is desirably
one -9 obtained by subjecting a condensate (c) produced by condensing an
epoxy resin (a) and a fatty acid (b) as essential conmponents and the vinyl
nmononer conposition (d) containing an acid group-containing nonomer to
graft polynerization. The aqueous dispersion type vinyl-nodified epoxy
ester resin obtained by the nmethod shown above 5 has a particularly

excell ent characteristic with respect to anticorrosion property. Regarding
the proportions of the epoxy resin (a) and the fatty acid (b) used in the
synthesis of the condensate (c), it is desirable to use themso that the
equi valent ratio of the epoxy groups in the epoxy resin may be in excess of
that of the carboxyl groups originating in a fatty acid. 10 Specjfic

ﬁ?‘ arrﬁl esI ofoht%@edéﬁ@epﬁpw hcqrgil)e_nsamceja@ '56?4 DLLONGPISIAE AneEPPRY reémér\) aﬁ@
| Spheno tayﬁﬁyg@ﬁ;@tﬁgqiéeeﬁgalgﬁygy&gé Snaet%‘é’%%f fshdRer c%ﬁl}@gj'noé?@f ak type

epoxy resins, ased epoxy resins, epoxi di zed

pol ybut adi eqtairfisg 4&id beRpedddtaidiNPRofRREMogRst PolymBlifioN 8%hk agliedes 3050,
4050, 7050 (epoxy resins manufactured by Dainippon Ink & Chem cals, Inc.),
EPI COAT 828]ispesdgn typs vin@lomodified 4poxyGeRy resm0sht{ingloxythe exthrsl shawofabeteur ed by
Shel |, _ Net her | and}s?é DER 660, 661J, 662, 664J, 667J, 668, 669J) (epoxy resins
manuf adt ur RSByt laply e esllen charactesstic With fespegb A9 apHEPTIRSIORPERPE W or ~ exanpl e.

As the alicyclig i J ( i - yred by
Uni on Car bi de Colﬁ%g?dg%{% %ﬁ“,%rﬁ?oﬁ Wfr%rge;e%oé?gessgg&%@ {hg%t%?%&@%gﬁ“t he
phenol novoihakyrthsB ofplexsondesdate (chh iCdeINable 14 Use thém soPhitRhd@ivalenkratié

Chem cals, Inc.) may be used, for exanple. As the polyethylene glycol-based
epoxy resi nof tHPPREREBIreups if Hiscsppxy essinrmaynkernio fexseassipbtabyf thpearpoxyhetdwes | ands) ,
and EPCLIGHT.40%, 200 400FE (epoxy resins nanufactured by Kyoei sha

Cheni cal Co®" 1&g §eyn ?rgag}tybaél ised, for exanple. 25 As the epoxidi zed

pol ybypadi ene,  BEsclRQx6APleeBOMY epsyai RsiTRUASEdN £RuP¥poxhFedid sHEWHs | ndustry
Co., Ltd.) may be used, for exanple.

bisphenol type epoxy resins, alicyclic epoxy resins, phenol novolak type epoxy resins,
polyethylene glycol-based epoxy resins, and epoxidized polybutadiene.

As the bisphenol type epoxy resin, EPICLON 850, 1050, 3050, 4050, 7050
(epoxy resins manufactured by Dainippon Ink & Chemicals, Inc.), EPICOAT 828, 834,

15 1001, 1004, 1007, 1009 (epoxy resins manufactured by Shell, Netherlands), DER
660,661J, 662,664], 667], 668,669] (epoxy resins manufactured by the Dow Chemical
Co., Ltd. USA) may be used, for example.

As the alicyclic epoxy resin, UNOX 201, 289 (epoxy resins manufactured by
Union Carbide Corporation, U.S.A.) may be used, for example.

20 As the phenol novolak type epoxy resin, EPICLON N-740, 775 (Dainippon Ink
& Chemicals, Inc.) may be used, for example.

As the polyethylene glycol-based epoxy resin, EPICOAT 812 (epoxy resin
manufactured by Shell, Netherlands), and EPOLIGHT 40E, 200E, 400E (epoxy resins
manufactured by Kyoeisha Chemical Co., Ltd.) may be used, for example.

25 As the epoxidized polybutadiene, BF-1000 (an epoxy resin manufactured by
Adeka Argus Industry Co., Ltd.) may be used, for example.
The epoxy resin (a) may be used singly or as a mixture of two or more kinds

thereof. It is more desirable to use a bisphenol type epoxy resin because of its excellent
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The epoxy resin (a) may be used singly or as a mxture of two or nore kinds
thereof. It is nore desirable to use a bisphenol type epoxy resin because of
its excellent -10 corrosion resistance as a major ingredient. The fatty
acid (b) is not particularly restricted and exanpl es thereof include drying
oil fatty acids such as tung oil fatty acid, linseed oil fatty acid,
dehydrated caster oil fatty acid, castor oil fatty acid, tall oil fatty
acid, cottonseed oil fatty acid, soybean oil 5 fatty acid, olive oil fatty
acid, safflower oil fatty acid and rice bran oil fatty acid, or nondrying
oil fatty acids such as hydrogenated coconut oil fatty acid, coconut oi
fatty acid and palmoil fatty acid. Further exanples include unsaturated

fatty acids such as. oleic acid, linoleic oil, linolenic acid, eleostearic
acid, rici rOr@sondesigancgdsaMAQringredientatty aci ds such as octylic acid,
| auric acid and eall ¢ .aci 15 rom: il fat | 0 The
fatty acid nmay bzﬁeufggg%g?rr@ﬁf/Rg{bazg!sl&gar&i r)%%%tgﬁ’g?d g)%ﬂ%np(%?s tb%rre gﬁb‘gtﬁds t her eof

An unr eact egryRRAXYatdy Sids Rich 84 AMp ol Fattyadid) GinQRA%N fhit@Sadid, (Rhydrad kestéapped
with an acid group-containing conpound. Exanples of the acid .

gr oup- cont adihfatty acidngestonabilifarty amid tall ghfaity acidy usonkeed oilfaftyscidisoybers dilenzoi ¢
acid, p-terf-benzoi¢c acid, isoocfanoic, acid,. isaodecanoic, acid,. 15

cycl oh xanoieEy aeﬁd?hvmwlrfatlty e aﬁ?ﬁtwa?ﬂdcanﬁatca,%@w%%v ARSI @ aci d,

cycl ohix eoHAbpR e € acid.
el mar ey egyingol R Reidd fasSb g A ARUEY Sl B8R Voe TR e o

trinmelliticaddhst pahdl cilyfhtoyedid i t Furtire ethmpsindude ligsmratetbfatt9facids Bwhebasi c
acid conmpound (e) is preferred, Exanglges of such a nonobasic acid conpound
(e) i ncl udeoleisrgntinadeiaildinglamiccacidh elsestyariccis riggolsiscasich gn satwateddriy aci d,

p-tert-benzoi.c acid, isooctanoic acid, jsodecanoi id and cl ohexanoi c
Bei a.  subsettiiury o of TR IREE R G aleARe s o e BRe OIS
conpoypds TRty r&bi@gn@rbeﬁﬁh@i siB19 0P € @ R JTYwB R HiBRE kRS tpdyrect ed to
pol ynmeri zation réaction in the presence of a radical polynerization
initiator under Aeanhreagedepabiytgrous priginatarg i Shecapgantesing@) mapbe cdppee sathsar y,
to obtain a graft polynerization product of the epoxyester

an acid group-containing compound.

Examples of the acid group-containing compound include organic carboxylic

acids such as benzoic acid, p-tert-benzoic acid, isooctanoic acid, isodecanoic acid,

15 cyclohexanoic acid, phthalic acid, isophthalic acid, terephthalic acid, tetrahydrophthalic
acid, himic acid (a product of Hitachi Chemical Co., Ltd.), maleic acid, fumaric acid,
adipic acid, sebacic acid, dimer acid, trimellitic acid and pyromellitic acid. Among
these, use of a monobasic acid compound (e) is preferred. Examples of such a
monobasic acid compound (e) include conventional organic carboxylic acids such as

20 benzoic acid, p-tert-benzoic acid, isooctanoic acid, isodecanoic acid and cyclohexanoic
acid.

Subsequently, the epoxy ester and the mixture (d) of the vinyl compounds
containing an acid group-containing monomer are subjected to polymerization reaction
in the presence of a radical polymerization initiator under heating conditions, in an

25 organic solvent if necessary, to obtain a graft polymerization product of the epoxyester
and the vinyl compound (vinyl-modified epoxy ester resin). The reaction may be

performed under a gauge pressure within the range of from 1 to 100 kg/cm’, and at a

reaction temperature within the range of from 50 to 150°C. In some cases,
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and the vinyl conpound (vinyl-nodified epoxy ester resin). The reaction may
be perforned under a gauge pressure within the range of froml to 100

- kg/cn2, and at a reaction tenperature within the range of from50 to 150C.
In sonme cases, -11 polynerization may be performed under a pressure nore
than the above and at a tenperature |ower than the above. The anount of
nonvol atile matter in polynerization is desirably within the range of from
1 to 90% by mass, and nore desirably within the range of from40 to 80% by
mass. 5 The mixture (d) of the vinyl compounds containing an acid
group-containing nononer is desirably a m xture containing an aromatic

vi nyl conpound, an al kyl (nmeth)acrylate having an al kyl group having 4 or
nore carbon atons, and an acid group- containing vinyl conpound. Regarding
the ratio dfolymeization marbesedrmed underperressars worerihn thegboerasd st 2of ¢ he

t d f t d t t
mononer 1 < aPpate Ko AT RAE? o TBEARROA? B0 FEbE P R ablmiR% R O
conbi ned ameu@;uaglfy willen BRIGGRSH RO ¢)o 9@%tt§f'rﬂds§9anﬁhﬁor€ﬂ@§ibébfy%ﬂ{"n fR) and the
fatty acid (b) and the mxture (d) of the vi nyl compounds cont ai ni ng an

acid group- naogﬁaﬁfmmgOt«xﬁﬁ%rtq’rmadsn the present invention, if the anmount of

the mxture (d) of the vi npounds contai ni.ng an.aci d group-contai ni ng
monone? is 15% ofhq @g%ure&%fa%&myu@maw Sr@nﬁaan%%a 8@§‘PT°88taB’éﬂgance

bet ween cor

vyt < mod 1R SR AR coRiHAES atdidic Y GRAORE T e oci g
gr oup- cont afnitM@cryRORRing dandkyll Ftcﬁlp&ﬁbﬂ gr&umrb%a@aﬁaf&msahncf & acibgr@up
wat er-base I1n a Step whi ch Wil orned | ater. The concentration of

the aci d groanpainisg dimyi ¢ampoun@0 ngalndmg thegatianfithe ofixturowsed St tsaleSGblrtka@H g i n
terns of th aci d v ontent in the V|ngl-nnd|f|ed epoxy

f
coter resi nERSH™ ¢ TEmiRuRUD) Shibs VinFgBIRe] sk FhFed Ech eve
i speqgi on Lo e Teh 819 3ks By ARKL 6YRoRAALAUNR) HFRES TubOofipeSUDSLrat e

or pignment dﬂgperglng propert I's al so e to obt'ain excell ent
per f or mancesomsihgiesmdnt ‘Aﬁt}'ercoﬂcﬂenaate ch)wohlanﬁllgcmahpdjbg/ fekih i) andnied fiatty acid r osi on

resi stance,
(b) and the mixture (d) of the vinyl compounds containing an acid group-containing
monomer. In the present invention, if the amount of the mixture (d) of the vinyl
compounds containing an acid group-containing monomer is 15% or less, a product
15 failing to have a desired balance between corrosion resistance and hardness will be
obtained.

The vinyl-modified epoxy ester resin has an acid group derived from the acid
group-containing monomer, and this acid group is essential for make it water-base in a
step which will be performed later. The concentration of the acid group is desirably

20 within the range of from 15 to 50 gmKOH/g in terms of the acid value of the solid
content in the vinyl-modified epoxy ester resin. When it is within this range, it is
possible to achieve dispersion in water well and also achieve good adhesiveness to a
substrate or pigment dispersing property. It is also possible to obtain excellent
performances caused by water of a resulting coating film, namely, corrosion resistance,
25 water resistance, alkali resistance, and the like.
It is desirable that the number average molecular weight of the vinyl-modified

epoxy ester resin be within the range of from 1,000 to 100,000. A product having a

number average molecular weight within the above range is excellent in corrosion
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25 water resistance, alkali resistance, and the like. It is desirable that
t he nunber average nol ecul ar wei ght of the vinyl-nodified epoxy ester resin
be within the range of from 1,000 to 100, 000. A product having a nunber
average nol ecul ar weight within the above range is excellent in corrosion
-12 resistance, water resistance, etc., and can also be dispersed well in
wat er. Next, conpounds which can be used as the mxture (d) of the vinyl
conpounds containing an acid group-containing nononmer are expl ai ned.
Representative exanples of the acid group-containing nonomer include
nmononers having a carboxyl group (A), 5 such as nonocarboxylic acids having
an unsaturated double bond, e.g. (neth)acrylic acid, 2-carboxyethyl
acrylate, crotonic acid, vinylacetic acid, nonovinyl adipate, nonovinyl
sebacate, essaRIehMater Testsbange.etc. nandoten alsg be disperaedewelhimnwatet hy|  f umar at e,

nono[ 2- (et h) acryl oyl oxyet hyl ]. succj nat e, noJ 2- t h)acr.yl oyl oxyet hyl ]
ohthat ate: . onoke Raacy yhish ces pering e TRy arD sty ity SO, b ¢
acid; and : : e i ! j t i pl ic acid
T umar | 6 e e e e A TPl e

t he fol | ow efghé y¢ié grouptcomtaing menomyr 1atlsde nenamsas haviygh oabeyll group (A),

(nmeth)acryl ates; al kyl -substituted cycloal kyl (neth)acrylates; .
(met h) &cr y| BicB8s MRUPFELAIIa K]S hayingaAndIngatpr bledpend. @ (Eehesrylic vi nyl

conmpounds (C}, ~15 AnD t he it.is preferable to use, . onpi nation with
(A i on 10 ZicarERAM AR orbignl L LRV ARG R R i B i g an
al kyl gr oupmBam séba@ﬂte,nf%ﬁomé?cﬁil%eor?afté?rﬂiﬁmo%eﬂ%%ﬁl@hﬂé{ho%rﬁ&ﬁ [Ham@fate,

al kyl -substituted cycl oal kyl group, and nore preferably an aliyl

(et h) acr y| mbeoBa(nietigaaploglokydthyt sucpinktaymngp[3-(oethmorgoylaxyeoinyl pphohadate,anong
e R i GRSl RS 5 b 5 2o
o 018 Uo e ARlSCAL S 16c A . HORY SRS RT3 L0 o acid
of carboxylic acBesddskhe adid gtoupidntuititk @EA& &S shown above, the following types
of monomers may also be used: cycloalkyl (meth)acrylates; alkyl-substituted cycloalkyl
(meth)acrylates; (meth)acrylates having an alkyl or aralkyl group (B); and aromatic vinyl
compounds (C).
15 Among these, it is preferable to use, in combination with (A), which is an
essential ingredient, an alkyl (meth)acrylate having an alkyl group having 4 or more
carbon atoms, a cycloalkyl group or an alkyl-substituted cycloalkyl group, and more
- preferably an alkyl (meth)acrylate having an alkyl group having 4 or more carbon atoms
among the monomers (B) shown above. Furthermore, use of monomers (A), (B) and
20 (C) is preferred.
Besides the monomers shown above, monomers shown below can also be used
as the mixture (d) of vinyl compounds containing an acid group-containing monomer: ®-
alkoxyalkyl (meth)acrylates (D); vinyl esters of carboxylic acids (E); crotonic acid esters
(F); unsaturated dibasic acid diesters (G); cyano group-containing vinyl monomers (H);
25 fluoroolefins (I); chlorinated olefins (J); a-olefins (K); alkyl vinyl ethers (L); cycloalkyl
vinyl ethers (M); tertiary amide group-containing vinyl monomers (N); (meth)acrylic
acid esters containing a hydroxyl group (O); allyl compounds containing a hydroxyl

group (P); vinyl ether compounds containing a hydroxy! group (Q); unsaturated
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(F); unsaturated dibasic acid diesters (G ; cyano group-containing vinyl
nmononers (H); 25 fluoroolefins (1); chlorinated olefins (J); a-olefins (K);
al kyl vinyl ethers (L); cycloalkyl vinyl ethers (M; tertiary am de
group-contai ning vinyl nononers (N); (nmeth)acrylic acid esters containing a
hydr oxyl group (0); ally) conmpounds containing a hydroxyl group (P); vinyl
et her conpounds containing a hydroxyl group (Q; unsaturated - 13

carboxylic acid am de conpounds containing a hydroxyl group (R); unsaturated
fatty acids containing a hydroxyl group (S); unsaturated fatty acid esters
containing a hydroxyl group (T); nonomers (U) obtained by subjecting
various hydroxyl group contai ni ng nononers |like (0) through (T) to addition

reaction vvlth e-capr.ol act one 5 adducts; opdary group ai ni ng
vi nyl nonongroxy aagréw&%oglpﬁa srf@ngflﬁunga%;ﬁw{;%wlrgfw ellflj?tb‘[%e‘f%t}/ vi nyl

nononer s ha | cQr X ving a
hydr oxyl gréc/)éﬁ% Iogﬁ%gmﬁh A%o(rsgalﬁ]g&l{a%?d fat\{%gélh %?RQ%HBYrﬁn ér?mno?ners
cont ai ni ng ll’r?yd&"d»l Ercﬁ@t((fﬁ rwr@u&rs((z)) obvainad AX@BJ@B@’(gSvﬁl@Oﬁ RydibR@ géoupen acet al
ester group or em ketal ester group ) ; vinyl nononers containing an

epoxy 10 gr cmmal(uBg)nonvmm;slhkmﬁﬁ)ﬁeo%}d&ht@addm@ Eactlmrylaﬂ-aawogmtmp (CO; and
vinyl pononmers having a (single termnal, alkyl ated) 1ool yet hyl ene gl ycol
chai n PDD) . 2456 SRSARIAEY aMiRR BT QHP-cRIYNIRE vigy! raarp%?s? (Y% énog@rr@&haawg@épendl ng

on a de hat in
?E\e pr esenf&ir?\g/é\e{t%ﬁle%?ﬁ@ @g)o&lnr#mn?ﬁérhée}g ?nmﬁﬁ%ﬁ% g%{ra?m? }?ﬁ Vit \qn};lrrpoulnds
contai ni ng %h@m&%@lﬁﬂn%@'h&@rbﬂyl@od&blmmﬂﬁa u@eghnbmyqigﬁjuﬁ)a(hfl)ywﬂﬁ parts by
mass or nore based on 100 parts by nmass of the conbined anount of the

condensat e (noyomenstcantainig a iyl @p@gyoupe@)nvnmd)nomh@rsr (amt@rmegadjermayetaland i f
necessary, the nonobasj aci g cog &-ﬁ g‘ﬁld'ﬂ the m xture of the vinyl
conpounds cBHETARTMEG %h‘?"ﬁi‘ RO EOHPAH DN W RAZELS cepﬁ?lgmg eﬁ%ﬁ eri al
proponri ons rosi on
ool stince: 508 AL, SR oiE:s BRAiGl & ioapls pitRp ECHAER 1AL IoRpRts) 0

pr esent |nvbmilhg)an(s1rtgtaateaﬂmllru1kylaléd)t;im@ethyidnargE},rc()lob)hamf(DD)e Vi nyI corrpounds
containing acid group contai ning nononers less than 15 parts by nass w ||
result in a coat SHE! MPROMEraaIRY ke usedpster ppRIOPRAtE pRlectivatdgaending upon a

desired final coating film performance. It should be noted that in the present invention
the amount of the mixture (d) of the vinyl compounds containing acid group-containing
15 monomers used is desirably 15 parts by mass or more based on 100 parts by mass of the
combined amount of the condensate (c) containing the epoxy resin (a), the fatty acid (b)
and, if necessary, the monobasic acid compound (e) and the mixture (d) of the vinyl
compounds containing acid group-containing monomers. This raw material
proportions are determined in consideration of the balance of the corrosion resistance
20 and the hardness of a coating film to be obtained. In the present invention, the amount
of the mixture (d) of the vinyl compounds containing acid group-containing monomers
less than 15 parts by mass will result in a coating film lacking a desired balance between
corrosion resistance and hardness.
The radical polymerization initiator used for the reaction of the mixture (d) of
25 the vinyl compounds containing acid group-containing monomers is not particularly
restricted, if it is one generally used. ~ Such radical polymerization initiator may be used
singly or in combination of two or more.

The amount of the radical polymerization initiator used is preferably within the
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corrosion resistance and hardness. The radical polynerization initiator used
for the reaction of the mxture (d) of 25 the vinyl conpounds contai ni ng
aci d group-containing nononmers is not particularly restricted, if it is one
general ly used. Such radical polynerization initiator may be used singly or
in conbination of two or nore. The anobunt of the radical polynerization
initiator used is preferably within the -14 range of fromO0.1 to 10 parts
by mass based on 100 parts of all the nononers (mxture (d) of the vinyl
conpounds contai ning acid group-containing nononers). In order to control

t he nol ecul ar wei ght, the anmount of the radical polynerization initiator,
the reaction tenperature and a chain transfer agent may be used. 5 Exanples
of the chain transfer agent include al kyl nercaptans such as _

n- oct yl mer crapge®f, from Odloi@eldynanis by apasahasgd @ntl €9 padveafeal themrongpiessr(mixtisnat i ¢

t b I t an. and. dod I | , d
Uhi ocar boytt B eI SaiRORes COMRBRBIAY SRMrOTRBNE ROreral kyl esters, or

polythiols. The gﬁr‘a}ﬂﬁto%@nﬁ@ﬁh@%i&ufaf ARRhe thedfdlnt gﬁ%{ﬁd@&eﬂd on the amount

of the 10 radic polynmerization initiator used an e reaction

t enper at ur epolymeridatian imitixgora thepedotior tehperatnge andracdhain tvasfer agat nalydewlsed.

wei ght, a chain transfer agent may be used in an anmount of fromO0.2 to 30%
by mas8 baskErnees ofahwehaghiransfer agent pgptisieslkylmeraantens speh geOrtyHBeTeaPtaE t he

m xture (d)_af ;the vinyl ¢ nds_containi ng an. acid, group-containing
nononer, gr%ﬁ?dffgﬁ?‘?{%ﬁaﬂ]ﬁ'ﬁﬁgﬁﬁge %“?58?’@3}’ ﬁg’dnwctrﬂérﬁ@é 6r°"8h** 15 or gani ¢
sol vent . Usger{InfaRcaBiad @i Go&&%ylb%ﬂiylrﬁé’:@aﬂt&rﬁ%ﬁ@tﬂi@&rt&'dx%ﬁ@&éi&s}’s&ﬁ af he reactant
and therefore nakes it possible to efficiently obtain a uniform product. The

or gani ¢ sol theomalicfaoid, thew shles; alkli estqpyropeshthislsnot particularly restricted and
ifoi S an organic solvent c Hl\éenti onal |y

used. ?ﬁ”fvfejvf’{){eﬁé%%g@?gf th%ts@gla?t;ap' & éa?p&w denend qa s areint _09 _

Gesol 8 AWl PRRS LR R vk Ml = g 20,

resul ting vpelymenRaidg £8P Yove sididculae SelphtiRychkia traeer Yedn€ hrah 86 @sddin
an amount of from 0.2 to 30% by mass based on the weight of all monomers.

In the polymerization of the mixture (d) of the vinyl compounds containing an
acid group-containing monomer, graft polymerization may be performed with use of an

15 organic solvent. Use of an organic solvent can reduce the viscosity of the reactant and
therefore makes it possible to efficiently obtain a uniform product. The organic solvent
for use for this purpose is not particularly restricted and any organic solvent may be
used if it is an organic solvent conventionally used. In view of dispersibility of the
mixture in water and desolventizability after dispersing of the mixture in water, it 1s

20 desirable to use a hydrophilic solvent having solubility in water.

The resulting vinyl-modified epoxy ester resin may be made water-base by
neutralizing part or all of the acid groups in the resin with a neutralizer, and
subsequently adding water. In such a way, an aqueous dispersion of the vinyl-modified
epoxy ester resin can be prepared.

25 The aqueous dispersion type vinyl-modified epoxy ester resin can be formed by
neutralizing part or all of the acid groups in the resulting vinyl-modified epoxy ester
resin with a basic compound, and dissolving or dispersing the neutralized polymer in

water.
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neutralizing part or all of the acid groups in the resin with a neutrali zer,
and subsequently adding water. In such a way, an aqueous di spersion of the
vinyl -nodi fied epoxy ester resin can be prepared. 25 The aqueous di spersion
type vinyl-nodified epoxy ester resin can be forned by neutralizing part or
all of the acid groups in the resulting vinyl-nodified epoxy ester resin
with a basic conpound, and dissolving or dispersing the neutralized pol yner
in water. - 15 When dispersing in water the copol ynmer obtained in the
above-nmentioned nethod, an emulsifier and/or a dispersion stabilizer may be
used together. As the enul sifier, various types of enulsifiers, such as
ionic enmulsifiers, anionic enulsifiers and cationic enulsifiers, and

| si f b d. 5 Th f
par i cul ar 1y ?'es{V?we@@aéyrgaguﬁ%%%r%opﬁ@%@%%’t%ﬁﬁfmfhé5@4%%{;?@%@39 ne)
sulfonate Sabihdd, & é?ﬁé{dmﬁé}' i szoWa%fn{}XJ RRPLELMBIARG alifate  salts,

styrene suI ona V|ny ate sa elr rivatives. The

cationic erruhlslmﬁbxervsnarseymtofemntsif&w audhyasligfid emalbifiersang. exdomt es t her eof
include lauryl trimethyl ammoni um chloride, didecyldi methyl ammnoni um chl oride

and 10 |au¢rymlelﬁn@tan9nmmwmﬁﬁersmdmnmmulsr&@s o ibe Hbesl. errul sifiers are
not pagticularly_restri.cted and exanpl e ude thylene
al kyl péenol et hel ea‘B?ﬂl?/S’S‘?S}lé%ﬁVI aéﬁag'g[? utlaég'ﬁg? QCted %4 V@Wi ﬁ?fs hi gher
fatty acid

their deri v@? Wégk %Agg%£2§ul%hgﬁgg%%g?9 lng yteg;%d%em?k llIé %%?l?g écf;]l‘a“3 %&V\%t or 15
nore ther e0§a1ts,'l'§1lﬁeﬂémillﬁ®hatefsaltshemg%]mmllfstefsalw ougted desivategs.rably within a range

up to 10 parts bé mass_based_on 100 parts by mass of the total resin solid
content, and nor h@ié@lomtﬂnyﬂﬂfmrﬁ Riernot Rarticalagerestrictadoandexamples thepaf t s by

IR T S e I
resinjgl ncl l&%l’}%lnﬁfhy?b'@ﬁzylammomum chloride.

The nonionic emulsifiers are not particularly restricted and examples thereof
include polyoxyethylene alkylphenol ethers, polyoxyethylene alkyl ethers,
polyoxyethylene higher fatty acid esters, ethylené oxide-propylene oxide block
copolymers, or their derivatives. These may be used singly or in combination of two or

15 more thereof.

The amount of the emulsifier used is desirably within a range up to 10 parts by
mass based on [00 parts by mass of the total resin solid content, and more desirably
within the range of from 0.1 to S parts by mass.

It is desirable that the water-base coating composition of the present invention

20 further contains the above-mentioned silicone-modified epoxy resin.  Inclusion of the
silicone-modified epoxy resin is preferred also because the adhesiveness of a coating film
is improved more. The silicone-modified epoxy resin preferably is a compound
represented by general formula (1) and/or a compound represented by the general
formula (2).

25 The organic group contained in A in general formulas (1) and (2) has, for
example, at least one chemical structural moiety selected from the group consisting of
nonreactive hydrocarbon groups, a hydroxyl group, acid groups, an amino group, an

ammonium group, a cyano group, a halogen atom, an amide bond, a cyclic ether group,
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silicone-nodified epoxy resin is preferred al so because the adhesiveness of
a coating film is inproved nore. The silicone-nodified epoxy resin
preferably is a conpound represented by general forrmula (1) and/or a
conpound represented by the general formula (2). 25 The organic group
contained in Ain general formulas (1) and (2) has, for exanple, at |east
one chem cal structural noiety selected fromthe group consisting of
nonreactive hydrocarbon groups, a hydroxyl group, acid groups, an am no
group, an anmoni um group, a cyano group, a halogen atom an am de bond, a
cyclic ether group, -16 an al kyl ene oxide unit, an al koxy silyl group, an
ul traviol et-absorbing group and a tetranethyl-4-piperidyl group. The
silicone-nodified epoxy resin can be prepared, for exanple, by the steps of
subj ect i ng & akdenerrxidecyiitp st ARORAYIYhgrogpeanyirgvialet-ghsping greup k2 gr oup

consisting of a ol yal. kyl ene oxide unit and a pol yorganosil oxane unit and
havi ng a prtF{?ﬁrFl‘f/thglrhE'ﬁB}éng@ﬁO%' each of both termnals to a M chael addition

reaction to an apwéiii&ne%wﬁea%pokye%ﬁsc%n%@gréﬁxreub@rteQArhawHy&haaeﬁsr@ﬂ
formula (3), thereby obtaining a product; and™ further reacting the product

with a di epmbjectinnpdianminenanpognéd having o dretr setebted ftdnethergroup edmsisting dfea di ami ne
conpound has and havi ng an epoxy group at each of both termmnals: 10
CH2=CRD A . . polyallylepeeradenntt anda folipr ggesilaxangunipandyiavipg gUpBsimagy, gminoj s an
organic gro i i . | Of 0y - Wt r bonyl;. | ht er posed
therebetmee%guggp%ﬁﬁgfkggﬁéﬁg??gﬁ)%&@ﬂ%@?ﬁﬁg%%ggiggﬁ?ﬁ%}éxvggﬁgﬁgPhg acrylic

conpound i NredfeserdB®bY theGblldwiapodneBaltforniil2(I)Dihefeby bbRinSa praglictagndt he di ami ne
conmpound and to use the 15 diepoxy conpound in an amount of from X+0.8 to

X+1. 2 nol esfuither déaetisiggbe pfodubtewitipa ditpoxy corpousd havogeunib dibfer thdn dosnyt r esi n

can be obtai ped al so by the steps of  subjectin a diam. ne..c ound, havi n
Cne o OO SVBED B DRl chBRgRHLER B0 BRURE REeRs groupt SANGH DL ROR S ani 1

and ajpgol yocgg__t@ﬁiAqxége unit and having a primry am no

wherein R* is hydrogen or a methyl group, and A is an organic group bonding to its
adjoining CR* with a carbonyl group interposed therebetween.
In this preparation method, it is desirable to use the acrylic compound in an
amount of from 1.8 to 2.2 molar times as much as the diamine compound and to use the
15 diepoxy compound in an amount of from X+0.8 to X+1.2 moles for X moles of the
product.
The silicone-modified epoxy resin can be obtained also by the steps of subjecting
a diamine compound having one unit selected from the group consisting of a
polyalkylene oxide unit and a polyorganosiloxane unit and having a primary amino
20 group at each of both terminals to a Michael addition reaction to an acrylic compound
represented by general formula (3), thereby providing a product; further reacting the
product with a diepoxy compound having a unit other than the unit which the diamine
compound has and having an epoxy group at each of both terminals, thereby obtaining a
silicone-modified epoxy resin having epoxy groups at both terminals; and reacting a
25 secondary amine compound to the epoxy groups at both terminals of the resulting
silicone-modified epoxy resin.
It is also possible to obtain the silicone-modified epoxy resin by the steps of

subjecting a diamine compound represented by the following general formula (4) to a
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20 group at each of both termnals to a Mchael addition reaction to an
acrylic conpound represented by general fornula (3), thereby providing a
product; further reacting the product with a di epoxy conmpound having a unit
other than the unit which the diamne conpound has and having an epoxy
group at each of both termnals, thereby obtaining a silicone-nodified
epoxy resin having epoxy groups at both termnals; and reacting a 25
secondary am ne conpound to the epoxy groups at both term nals of the
resulting silicone-nodified epoxy resin. It is also possible to obtain the
silicone-nodified epoxy resin by the steps of subjecting a diam ne conpound
represented by the follow ng general forrmula (4) to a -17 Mchael addition
reaction to an acrylic conpound represented by general formula 3%9 t her eby
obt ai ni ng aMgbCrhééLi’éf“tloaﬁ%FcflﬁfP oy a%&@@m@ue%eepms%%by apneral 5°r63Lk<lﬁ)

conpound d fold I Rl R1
H2N- C3Hg(8|%§ E?%ﬁfqgmﬁépfw?ﬁ %@ el eriiE] t‘% ﬂﬁvﬁz‘{ %O’lé’gé aH%l kyl
group havi ng ﬂesgﬂeﬁbﬁﬁ{eb‘@mbvahgg&,er@%ﬁ{wd (sgroup having 6 to 10 carbon atons
or an aralky group havin 0 9 carbon atons, ais an integer of from1l
to 135. [ Chirhen6p] CH2/ CHCHZO( R30) bCH2CH 7CH2 (5) 10 O wherein R3 is -(CH2)r
or -CH2CH(CH3)-, and b is an integer of from2 to 230. The nethod for the
preparation of the sili he- i fied epoxy resin includes the steps of

subj ecting a diam ne co oungpgepresented by the follow ng general formula
(6) to a M chael addition redction to an acryllc conpound represented by

gener al oN—C3Hg(S10),SiCqHg—
. R* R?
wherein R' and R? are each an alkyl group having 1 to 8 carbon atoms, an aryl group

having 6 to 10 carbon atoms or an aralkyl group having 7 to 9 carbon atoms, a is an

integer of from 1 to 135.

[Chem. 6]
Ho—CHCH,OR30), CH,CH—CH 5
C&\g/)CIICl 2 (R°OnCHg ‘\c{/ 2 (5)
10 O

wherein R® is -(CHa).- or -CH,CH(CH;)-, and b is an integer of from 2 to 230.
The method for the preparation of the silicone-modified epoxy resin includes the

steps of subjecting a diamine compound represented by the following general formula
(6) to a Michael addition reaction to an acrylic compound represented by general

15 formula (3), thereby obtaining a product; and further reacting the product with a
diepoxy compound represented by the following general formula (7):
HoN-C3HqO(R*0),C3Hs-NH, ... (6)
wherein R? is -(CH,).- or -CH,CH(CHa)-, and b is an integer of from 2 to 230.

[Chem. 7]
r! R
L
CHZ /CHCH2003H6(810) SlC3HSOCHQCH'—/'CH2 ( 7)
2 | 2 O
20 R R
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15 formula (3), thereby obtaining a product; and further reacting the
product with a diepoxy conmpound represented by the foll ow ng general
formula (7): H2N C3H60( R30) 6C3H6- NH2. .. (6) wherein R3 is -(CH2)0- or
-CH2CH(CH3)-, and b is an integer of from2 to 230. [Chem 7] RL R1L CH2

- CHC1120C3H6( Si O) aS1C3H60CH2CH = 2 CH2 (7) O R R2 -18 wherein R and R2
are each an al kyl group having | to 8 carbon atons, an aryl group having 6
to 10 carbon atonms or an aral kyl group having 7 to 9 carbon atons, and a is
an integer of from1l to 135. The silicone-nodified epoxy resin can be
obtained al so by the steps of subjecting 5 a diam ne conpound represented
by the above general formula (4) or (6) to a Mchael addition reaction to
an acrylic conpound represented by the above general formula (3), thereby
obt ai ni ng awhereid e tand R rareheach ge alkyl grgup havipg & de 8 cakpn Btamsd ke prakgroeBnpound

T cone- et BRETPEER, Bhan, PR Lk habe 546 8Pl SRl etds fal <

and reacti nigte?erlgfﬁ&ﬁqnggy am ne conpound to the epoxy groups at both the
termnals of The resulting silicone-nodified epoxy resin. The water-base
coati ng conposi t Thesibdontimoditedspoky rasineranhibe mbtanred biso by ahk stefs ofiselgestsar vy,
after incorporation of additives suitable for various applications, for
exanpl 8, VafRBIRE JOMRAMNGFETSERGR AY theraReovaaenerl fraudy (@) o) depdflickrd er s,

ant i oxi dant ?ddfitgo?{]rggmo'BQO aﬁ%cr?gg Qérﬁ Cﬁﬂlg rE;njefelﬁFeQieor She e ﬁe‘?@l’fgﬁﬁﬁa ?t i ng
conposition 0 € present T nven N may" al so be Use oget her w vari ous
wat er - base fRfdbhSbtafiitdla pRILES fiiher FAsHHARE Yrdddsi With RaAlpbYy eshpotad

hydr ogen- cont ai ni ng groups. The form kind and the |ike thereof are not
restri ct ed. represented by the above general formula (5) or (7), thereby obtaining a silicone-
modified epoxy resin having epoxy groups on its both terminals; and reacting a
10 secondary amine compound to the epoxy groups at both the terminals of the resulting
silicone-modified epoxy resin.

The water-base coating composition of the present invention can be used, if
necessary, after incorporation of additives suitable for various applications, for example,
various known and conventional additives such as metal driers, antioxidants, defoaming

15 agents and thickeners.

The water-base coating composition of the present invention may also be used
together with various water-base resins.  Such resins are desirably resins having active
hydrogen-containing groups. The form, kind and the like thereof are not restricted.

The method for the production of the water-base coating composition is not

20 particularly restricted and it can be prepared, for example, by dispersing the
aforementioned calcium carbonate filler and other pigments with a resin or additive for
pigment dispersion or, in some cases, the water-based vinyl-modified epoxy ester resin,
thereby preparing a mill base of a pigment, and then adding the water-based vinyl-
modified epoxy ester resin, various additives and water or solvent for adjusting the

25 viscosity, followed by well mixing.

The water-base coating composition of the present invention can be coated by

airless coating or a conventional method using a brush, a trowel, a roller or the like.

For thick coating, airless coating is preferred. Regarding the film thickness in coating,
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The nethod for the production of the water-base coating conposition is not
20 particularly restricted and it can be prepared, for exanple, by

di spersing the aforenentioned cal cium carbonate filler and other pignents
with a resin or additive for pignent dispersion or, in sone cases, the

wat er - based vinyl -nodi fi ed epoxy ester resin, thereby preparing a mll| base
of a pignent, and then addi ng the water-based vinyl- nodified epoxy ester
resin, various additives and water or solvent for adjusting the 25
viscosity, followed by well m xing. The water-base coating conposition of
the present invention can be coated by airless coating or a conventi onal

nmet hod using a brush, a trowel, a roller or the like. For thick coating,

airless coating is preferred. Regarding the filmthickness in coating, 19 it
i s desi r ablibistdgsitable thata doyoptrg film hasadbickneshpiitpra o8 to209 pam Jbthedlrp0o0 m |1 f

t he dr filmthickness eds 250 m problens with respect t in
b oper Ly orMPHEICKTSER SXqaes 2 igesroplems SR isaermeRpiod26HlaE Tope that e Thce ~
coating conp@siikéon of the present invention 5 be used for coating on netal

materi als, such as iron-based substrates, zinc-based substrates and

al um num based sltixsdeasailds that theiveat@abase codtmg lcympusitiebbfthé presematvendon ar ge
structures nmade of the above-nmentioned base materials. Furthernore, it can
be used suheussd jorfeoatingpmmetabmatesiglss sush as [ran-Rased subptiates; BR&PIssd of gl oss

due to increase.in humdity may bhecone eriou r.obl i.n gating in a
ner met i cal | oSEPoR T bRy wBSEEET B Tk EL Al PR ETT R g
enconpassesgthfifired AhBIthe MRA-RARbRE 546 Blat3ARC! FuRRM G, & GABEWS& il m
formed fromthe water-base coating conposition nmentioned above. EFFECTS OF
THE | NVENTI DiNafllp doveipecabacatingyan whghderapiosition ofi gloks dueetopn@sssatin i nvention i s
an anbi ent dryjng ter-base coating conposition having excellent .
properties BURHtRGayPeeNe %%fé&opﬁarob% finGerRoappe R adirEmetially peatidrBasen

Propefy a“ﬁleeHP{_.StTHeE‘prE&@{ ﬁ%@r%%als%?eﬁé‘&ﬁ@asgés tf?@&ﬂ&%a@ﬁﬁ&#d%%teg ’lt%}‘&}léet
physi Cal properties, ‘coatling conposition or coatlng ships, bridges and
the like, whividy hedagingEan fetdeliifom thetvmtdrchasateitinp @as@poditich Mentiondé above.

wat er - base.
EFFECTS OF THE INVENTION
The water-base coating composition of the present invention is an ambient
drying water-base coating composition having excellent properties such as gloss, coating
15 film appearance, anticorrosion property and moisture resistance. Because of being
excellent in such physical properties, coating compositions for coating ships, bridges and
the like, which have been difficult to be water-base, can be made water-base.
BEST MODES FOR CARRYING OUT THE INVENTION
The present invention is described in more detail below with reference to
20 Examples and Comparative Examples, but the invention is not limited thereto. Part
and % in the following description are all on mass basis unless otherwise stated.

(Preparation of coating composition)

Preparation of aqueous dispersion of vinyl-modified epoxy ester resin

Into a four-necked flask equipped with a stirrer, a thermometer, a temperature

25 control device and a nitrogen introduction tube, 50 parts of dehydrated caster oil fatty
acid, 500 parts of EPICOAT 1001 (epoxy equivalent weight: 475 g/mol) and 60.2 parts
of p-tert-butylbenzoic acid were charged. Regarding the raw material proportions, the

epoxy groups derived from an epoxy resin are in excess of the carboxyl groups of the
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BEST MODES FOR CARRYI NG QUT THE | NVENTI ON The present invention is described
in nore detail below with reference to 20 Exanpl es and Conparative Exanpl es,
but the invention is not limted thereto. Part and %in the follow ng
description are all on mass basis unless otherw se stated. (Preparation of
coating conposition) Preparation of aqueous di spersion of vinyl-nodified
epoxy ester resin Into a four-necked flask equipped with a stirrer, a
thernoneter, a tenperature 25 control device and a nitrogen introduction
tube, 50 parts of dehydrated caster oil fatty acid, 500 parts of EPI COAT
1001 (epoxy equival ent weight, 475 g/nol) and 60.2 parts of

p-tert-butyl benzoic acid were charged. Regarding the raw materi al
proportions, the epoxy groups derived from an %poxy resin are in excess of
the car boxylbttyaedpanddhe exness eppay BrAUD§ arecdqdivalenot the CarReXss 8raupe RUiZigREEps ar e
equi val ent of, th rboxyl .groups originating in the p-tert-butyl benzoic
aci d. FurtH@F?eﬂgﬁﬁgﬂg engg?g ethylamne is charged into the reaction

vessel and was hﬁﬁk%%.@pp&{i@ﬁriéngfa&mﬁikrcﬁ{irgai inN@e réRBoh DESBENAE WahPEr at ure
reaches near 180C, b5 dehydration’'starts and the tenperature is increased to

220C, wher elmateeistbdBDTC aaddratirring. advisenckedintdmdl eenfieeatsteataches ndaneé8af€hydr at i on
is nmonitored. The reaction was performed for about 3 hours until the acid
val ue ®f t héchydiatian sterts end therhempriatoremis énsreapesbtara201C owherebysesteri§gsgqgeient |y,
the internal  tenperature was .decreased to 150C and.then .253.4 rts,of

but y1 cel | 0ot FE-eE Al eAbt B8 aes (LA oo BATTBILR or N6EHE RERPUBIERR | o
matter of tRe dQFafduys il theERIEVand ofithes RO Yteh R the c&lﬁ%{t’bemé £ of 26s.
internal tenperature was nal ntal ned at 1%50, a mxture of 120 parts of

styrene, 49S@os@?.idn§ly,0cﬁe fte@hilbiperxurdaddereskad 1, 1 40C padttberodS3acpartsiof aci d
and 30 parts of a nonoester conpound derived from pol yet hyl ene gl ycol

havi ng a nobeglgklinsolvaeyagladdeito obtain add Hasotupion of thei npn-®lasdg mattesfofitks t - but yi
per oxy. 2- et hyl he anoatg and 3 15 parts of di-tert-butyl peroxyether were
added1Po t hEY SISt oL eERPXFEN 1 hour. Then, a reaction was perforned at

that tenperatur eNfthr, while 'ﬂ%qﬁt%rnamﬁ{p@@mr% s Wit ¥in@f A 265¢ & mixture of 120
parts of styrene, 49.8 parts of 2-ethylhexyl methacrylate, 40 parts of acrylic acid and 30

parts of a monoester compound derived from polyethylene glycol having a molecular
weight 400 and methacrylic acid, 5 parts of tert-butyl peroxy-2-ethylhexanoate, and 3
15 parts of di-tert-butyl peroxyether were added to the reaction vessel over 1 hour. Then,
a reaction was performed at that temperature for 10 hours, whereby the fatty acid ester
of the epoxy resin was subjected to vinylation reaction. Here, the amount of the vinyl
compound used is about 24% based on 100 parts by mass of the combined amount of
the vinyl compounds and the condensate (c) containing the epoxy resin and the fatty acid.
20 The resulting vinyl-modified epoxy ester resin was a viscous solution containing 80% of
non-volatile matter. The acid value of the solid content in the solution was 30
mgKOH/g.
Then, 54 g of triethylamine was added to the reaction vessel and mixed well.
Under stirring, 1550 g of ion-exchange water was added little by little. With addition
25 of the ion exchange water, the content was changed to a viscous cloudy solution.
Further addition of ion exchange water provided a white emulsion. The aqueous
dispersion of the resulting vinyl-modified epoxy ester resin was an aqueous dispersion

having a solid content concentration of 35% and a pH of 9.2.
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of the epoxy resin was subjected to vinylation reaction. Here, the anmount of
the vinyl conpound used is about 24% based on 100 parts by mass of the
conbi ned anount of the vinyl conpounds and the condensate (c) containing
t he epoxy resin and the fatty acid. 20 The resulting vinyl-nodified epoxy
ester resin was a viscous solution containing 80%of non-volatile matter.
The acid value of the solid content in the solution was 30 ngKOH g. Then,
54 g of triethylam ne was added to the reaction vessel and m xed wel .
Under stirring, 1550 g of ion-exchange water was added little by little.
Wth addition 25 of the ion exchange water, the content was changed to a
vi scous cloudy solution, Further addition of ion exchange water provided a
white enul sion. The ac ueous di spersion of the resulting vinyl-nodified
epoxy est erPreparpinong OSHlge CHOXERIA| on haV|ng a solid content

concentration of and pH.o n of cone- nodi fi ed
epoxy resin IntoI 5§%3°a§sb3éfnta§5 m{)ggj¢ ‘22'85( bﬁﬁ’u AL"Er ed by
Dow Cor ni NOTorkP CRY, L@@)as hﬁﬁn)ineac%n?poqh@ﬂhd@o st%'?q %Qé’rretoﬁar%iéd mass of
xyl ene were charged, “followed by heating to 70C under I ow ng dry nitrogen.

Subsequent | fpjloR€d by heuting tdJOX uraies biokvirg dry ditcogehut Shbsaquentiat2d I patsagul ar

wei ght 144) as an acrylic conpound and 20 arts by mass of n-butanol were
dr opped si nma&sa#ﬁédwéwyawmmatm(mekegslar WEig 1%%%%@&5‘!? empobad andbpdi ng,

t hat tenperatyure was 1.hour and th arts by mass of
DENACOL | B B0 chian of Bebnebvey enpsd antinafiiy 3 Emmig, & epoxy
conpound and 20 Rﬁértéon%{etmhs& tﬁgdrﬁﬁﬂalﬁQQhXﬁEﬁpé’rﬁ&P@%s maRtafddubt fRSGUS! y over
30 mnutes. As the result, there was oObtained a silicone-nodified epoxy
resin wth andshen2t.Riperts bylmass df DENACOZ EX-8d OdemasufattufedrbyNagael) are each as

shown bel ow, V\,hereln each ain Ul is from4 t%8 bin 2 is fromlto 3, R4
is hydrogenc emic sP@qbﬁqa@gqu(y compound and 20 parts by mass of xylene were droppe

10 simultaneously over 30 minutes.

As the result, there was obtained a silicone-modified epoxy resin with a structure
where U and U? in a general formula (1) are each as shown below, wherein each a in U"

is from 4 to 8, b in U is from 1 to 3, R* is hydrogen, A is

[Chem. 8]
0O
15 —'COCHQCHQCHchgOH
and nis 3.
[Chem. 9]
CHj; (|3H3
U —ocgﬂg(s‘.iO)as‘icgﬁso—
CHy CHj
U —C3HgO(CH,CH0),CsHe—
Example 1
20 To 60.0 parts of the above-mentioned aqueous dispersion, 40.0 parts of
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11 15 - COCH2CH2CH2CH2OH and n is 3. [Chem 9] CH3 CC H3 - U: -OC3H6(I

i O aSli C3HgO CH3 CH3 U2: - C3H60( CH2CH20) bC3H6- Exanmple 1 20 To 60.0 parts of
t he above-nenti oned aqueous dispersion, 40.0 parts of -22 LUM NUS

(manuf actured by Maruo Cal cium Co., Ltd.), which is a comrercially
avai |l abl e cal ci um carbonate filler, 2.0 parts of titanium oxide as a
pigment, 0.5 part of BYK-028 (nmanufactured by BYK Japan KK) as a defoam ng
agent, 0.2 part of DICNATE 3111 (nanufactured by Daini ppon I nk & Cheni cal s,
Inc.) as a drier, and 03 5 part of SN thickener 636 (manufactured by
Sannopuko, Inc.) as a thickener were added, followed by m xing and
dispersing with a sand grind mll to yield a water-base coating

conposi tion. Exanples 2-5, Conparative Exanples 1-3 Water-base coating
conposi ti onbUWf\g]%@mafaédlrcﬁbx Marus@alcinmrPer Lids), whichOs Erempewsially except for

Shave. mant | S %51%?5?1@ fahaaier gk 2dheay S GLTMAY S af ¢ igfegtiderPtrbohn
agueous d'BW@ifQ nfrfc it kam PREKR) ﬁﬁ%@%@ﬁ@w figfr ed by Maruo

Cal ci um Co. CI um ca ate B is 1700 rranuf actured by

Maruo Cal ci DMZNCATE 31|.111 C(nmnufﬁ‘ahwdlbylmbmﬂﬂhk &BChwhicals, ing.) as @ﬁﬂd'u@ﬁid o3t hout
treatnent, does not sati Sféﬁ the 15 requirenents of the cal ci um car bonat e of

t he pr8sent parhoedNithipkeneEgH (raanuagtused yoSannapuko, lmn. gspethickense weeg aslsley,

followed by mixing and dispersing with a sand grind mill to yield a water-base coating

composition.

Examples 2-5. Comparative Examples 1-3

Water-base coating compositions were prepared in the same manner as in
10 Example 1, except for changing the recipe given in Table 1. In Example 4, 0.2 part of
the above-mentioned silicone-modified epoxy resin was further added to an aqueous
dispersion. Calcium carbonate A is LUMINUS (manufactured by Maruo Calcium Co.,
Ltd.), and calcium carbonate B is SUPER 1700 (manufactured by Maruo Calcium Co.,
Ltd.). Calcium carbonate B, which is a product without treatment, does not satisfy the
15 requirements of the calcium carbonate of the present invention.

Evaluation of coating film appearance (gloss)

Each of coating films of the water-base coating compositions obtained in
Example 1 to 5 and Comparative Examples 1 to 3 was checked for its gloss. Each of
the water-base coating compositions was applied with an applicator and dried in two
20 ways, namely, at 20°C, 50% relative humidity for 1 day and at 20°C, 90% relative
humidity for 1 day. The applicator was selected so that the film thickness of a dry
coating film might become 80+5 pm. The 60° specular glossiness of the resulting
coating films were measured.

Evaluation of coating film appearance

25 In order to evaluate the coating film appearance of the water-base coating
compositions obtained in Example 1 to 5 and Comparative Examples 1 to 3, sagging
property was examined. Using a sag tester, the water-base coating composition was

applied onto a panel made of a glass sheet and the specimen was immediately caused to
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Each of coating filnms of the water-base coating conpositions obtained in
Exanple 1 to 5 and Conparative Exanples 1 to 3 was checked for its gl oss.
Each of the water-base coating conpositions was applied with an applicator
and dried in two 20 ways, nanely, at 20C, 50%relative humdity for 1 day
and at 20C, 90% relative humdity for 1 day. The applicator was selected so
that the filmthickness of a dry coating film m ght become 805 m The 60
specul ar gl ossiness of the resulting coating filns were nmeasured.

Eval uation of coating fil mappearance 25 In order to evaluate the coating
fil mappearance of the water-base coating conpositions obtained in Exanple
1 to 5 and Conparative Exanples 1 to 3, sagging property was exam ned.
Using a sag tester, the water-base coating conposition was applied onto a
panel made stdndavegicaliy sWéetheasa@gmg@fspeaiingmtcmsninnﬁéejieadlieg gntleused to - 23

stand vertically. et her sag of .a co occurs ar not depending on
the thi ckrfggckn%*ﬁ mssgeﬁlaﬁ%ye? 3R PRATRIEEay e teSfﬂﬁéa%ag 8RS PP e o1 x

gaps, nanel 35, 40 and 45m | . EvaI uation of anticorrosion
property 5 %%8@9”%4§%£da§ gr-base coating conpositions obtained in Exanple

to 5 and Govpatiah iof enteaidbiog prdpett9 3 were applied on an undercoating and
then the adhesiveness was exam ned. An oil-base rust preventive coating CR

MARI NED VHI TE PRI B4R afithe watetrbasetcoatang anm&plpomtnamﬁd inNEampée Ctmad amdys  Co.

Ltd.) was 5@ ﬁ %ﬁ%lt? 10 cnx.. cm st eel ate shot bl ast stee

plate) and ol amp %Sld%we# 4B O“F‘H’eu’idﬁfcé’ﬂ R Y& undercoating

was 405 m apg M gf the top coating was 805 m This test plate
ra

was exposed to a neut t spray test machine of 71S K5600-7-1 for 200
hours. 15 Then, An o¥-babanedpreudntive nedting tCRIYARENE BT TEPRIMBR Mn t he panel

and reachin i ) i ,
(gmanufactured by Nippon Paint Marine Coatings Co., Ltd.) was spray coated to a 7

10 cmx15 cm steel plate (shot blast steel plate) and then dried at 20°C for 7 days.

The thickness of the undercoating was 40+5 um and the thickness of the tob
coating was 805 pm.

This test plate was exposed to a neutral salt spray test machine of JIS K5600-7-1
for 200 hours.

15 Then, an X-shaped cut penetrating the coating films on the panel and reaching
the base surface was formed with a retractable knife. A pressure sensitive adhesive
cellophane tape was stuck thereon and then peeled off. The adhesiveness between the
coating films was evaluated according to the criteria " @ : no or almost completely no
delamination is recognized; o: almost no delamination is recognized; A: delamination in 2

20 small portion was recognized; x: delamination occurred in most of the peeled area."
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The results in Table 1 clearly shows that the water-base coating composition by
the present invention has been improved in gloss, coating film appearance, anticorrosion
property and moisture resistance.

It has become clear that the water-base coating composition containing a

5 calcium carbonate filler and a vinyl-modified epoxy ester resin having a specific resin
composition has excellent gloss, coating film appearance, anticorrosion property and

moisture resistance.
INDUSTRIAL APPLICABILITY
The water-base coating composition of the present invention can be used

10 suitably for coating in the fields of ships and bridges where high anticorrosion property

and appearance are required.
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E.CEFUI_UC ----------- - The results in Table 1 clearly shows that
t he wat er-base coating conposition by the present invention has been
i mproved in gloss, coating fil mappearance, anticorrosion property and
noi sture resistance. It has becone clear that the water-base coating
conposition containing a 5 cal ciumcarbonate filler and a vinyl-nodified
epoxy ester resin having a specific resin conposition has excellent gl oss,
coating film appearance, anticorrosion property and npisture resistance.
| NDUSTRI AL APPLI CABI LI TY The wat er-base coating conposition of the present
i nvention can be used 10 suitably for coating in the fields of ships and
bri dges where high anticorrosion property and appearance are required. -26
CLAIMS 1. A water-base coating conposition conprising an aqueous di spersion
type vinyl-nodified epoxy ester resin AMMEal ci um carbonate, wherein said
cal cium carbonate 5 is precipitated calciumcarbonate treated with a salt
of a vinyl polyner having a carboxyl group and is contained in the coating
conposi tion in a; proRidrikaBe 8dating @BMA8kifich R¥Priding av Akedusidiyparsdaltygt cont ent
and a volune ratio of a pignent/a total solid content of the coating is 50%
or |ess. lovigyl-rdrkfiedagpoxy bstseresioand ngciommpdwnatepwheremordi calyiunpcarbenate 1,
mhereig t he, calc%%glc?rbonage has an avgraﬁe ﬁarticl di aneter of from0.01
to 0.5°m 3 PRPIREASAICHIR carhenals IigAtech b aise B WBKACHITY heyng p&pverylor 2,
further co LS tdaH € - (ofd (Il T - base
coating conpocy AR Bndire el BRie cotbpgh £ RgbBichorom i Ry

volume in a solid content, and a volume ratio of a pigment/a total solid content of the

coating is 50% or less.

10 2. The water-base coating composition according to claim 1, wherein the

calcium carbonate has an average particle diameter of from 0.01 to 0.5 um.

3. The water-base coating composition according to claim 1 or 2, further
comprising a silicone-modified epoxy resin.
15
4. The water-base coating composition according to claim 1, 2, or 3, wherein
the silicone-modified epoxy resin includes a compound represented by the following
general formula (1):

[Chem. 1]
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the silicone-nodified epoxy resin includes a conmpound represented by the
followng general formula (1): [Chem 1] -27 NO UjO NUO NUX" px
N O Nxx UO NO x UO UveTr x z-U~d Nv z-v-v-6 0-0 NU

0]

CHCHZ—UI—CHZ(iH7CH2
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1 n
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I |
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OH
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CH,
CHR

CH
ol
I
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CHR

N—U2-
2
I
A

OH

CHCH,-U'-CH,CHCH,~

2_
\./
0

C

wherein U! is -O(R’O),-, where R’ is -(CH,).- or -CH,CH(CHj3)-, and U? is a structure

represented by
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NU Uj Uwerein U is -Q(R30)b-, where R3is -(CH2) or -CH2CH(CH3)-, and
U2 is a structure represented by -28 [Chem 2] R1L RL C3Hs(Si0)aSI C3H6 R2
R2 or Ul is a structure represented by [Chem 3] RL Rl C3H5(Si0)aSI C3Hs

R2 R2 5 and U2 is -QR30)b-, where R3is -(CH2) or -CH2CH(CH3)-, wherein R
and R2 are each an al kyl group having 1 to 8 carbon atons, an aryl group
having 6 to 10 carbon atons or an aral kyl group having 7 to 9 carbon atons,
R is hydrogen or a methyl group, a is an integer of from1 to 135, b is an
integer of from2 to 230 and c is an integer of from1l to 4, Ais an
organi c group bonding to its adjoining -CHR'- with a carbonyl 10 group

i nterposed therebetween, nis an integer of froml to 16, R10 is an al kyl
group having fromlIl to 8 carbon atons which nay have a hydroxyl group,
and/or a c wndl represented by the following general formula (2): [Chem
4] -29 x X V-0

R! R

]
_CgHg(SiO)aSiC 3H6“"""'

2 2

R® R , or U' is a structure represented by
[Chem. 3]

r' R

]
'_"C?,H(;(SIO)&SngHs'—

R R’

5 and U? is -O(R*0),-, where R? is ~(CHy).- or -CH,CH(CHj)-, wherein R' and R? are
each an alkyl group having 1 to 8 carbon atoms, an aryl group having 6 to 10 carbon
atoms or an aralkyl group having 7 to 9 carbon atoms, R* is hydrogen or a methyl group,
a is an integer of from 1 to 135, b is an integer of from 2 to 230 and c is an integer of
from 1 to 4, A is an organic group bonding to its adjoining -CHR*- with a carbonyl

10 group interposed therebetween, n is an integer of from 1 to 16, R'° is an alkyl group
having from 1 to 8 carbon atoms which may have a hydroxyl group, and/or a compound
represented by the following general formula (2):

[Chem. 4]
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Ux x 0-0 NU nmN -30 wherein U, U2, and R through R have the sane
definitions as the general fornmula (1). 5. A coated steel sheet having a
coating filmfornmed fromthe water-base coating conposition according to
claiml1, 2, 3 or 4. 5 -31

wherein U', U?, and R' through R* have the same definitions as the general formula (1).

5. A coated steel sheet having a coating film formed from the water-base

coating composition according to claim 1, 2, 3 or 4.
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