TI TLE 3 ' NON- TAR TYPE EPOXY RESI N PAI NT COMPOSI TI ONS, PAHV@#%ﬁ|Q4,’[
NEIHCDS ‘OF 'QUTSI DE SHELLS OF SHI PS' HuLLS -AND PAI NTED

SH RS, HULLS | FI ELD OF THE | NVENTI ON \Pogt s
The present i nvention relates to non-tar type epoxy resin paint
conpositions, heavy-duty coating filns formed fromthe

conposi tions, painting nethods of outdide shells of ships' hulls
and painted ships' hulls. Mre_ particularly, the invention relates
to non-tar type epoxy ‘resin Pk gconposi tions whi ch - exhi bit

excel | ent performance as heavy‘t y coating conpositions

enpl oyable  — yon- TAévP Eé‘?ks EYoX RPN PathTS @oﬁr%lo%‘i‘ﬁogt% Ohiiignghe | S of

shi ps' hulls, expose super structures al | ast

tanks, and whi Qﬁl@{cﬁ)scﬁ%a@tﬁ's%ﬁ HE RS OF Bhrps HULLshﬁiﬁbngAQiﬁgFH ent

adhesi ve strength to fil of organoti n- free hydrolyza
antifouling paints or other vari ousgfifps' HULLS coat s/ provided thereon.
The invention also relates to heavy-duty c ing films fornmed from
t he pai nt conpositions. The invention further relates to painting
met hods of outside shells of ships' hulls, by the use of whi ch
films of excellent anticorrosi ZEEDDOQEr THESINVENTION weat hering resistance
and antifouling properties can be formed with few kinds of paints

to thereby acconffhssipresent invsidriteeninedadfest e painntamg tipee epody

reduction of the costs
resin paint compositions, heavy-duty coating films formed
from the compositions, painting methods of outside shells
of ships' hulls and painted ships' hulls. More
particularly, the invention relates to non-tar type epoxy
resin paint compositions which exhibit excellent
performance as heavy-duty coating compositions employable
for ‘all ~f the parts of ships such as outside shells of
ships"hulls,-exposed decks, super structures, holds and
ballast tanks, and which are capable of forming films
having excellent adhesive strength to films of organotin-
free hydrolyzable antifouling paints or other various top
coats provided thereon. The invention also relates to
heavy-duty coating films formed from the paint
compositiens. The invention further relates to painting-
methods of outside shells of ships'.hulls, bg_the use of
which films of excellent anticorrosive properties,
weathering resistance and antifouling properties can be
formed with few kinds of paints to thereby accomplish
-shertening of the painting time and reduction of the costs
for paint storage, and which are advantageous in the

hygienic qualities for painting workers and the




for- palnt st or age, and whi ch are advantageous in the hygienic qualities

Jor painting workers and the envi ronnental protection. The
|Qvent|on furthernore relates to ships' hulls painted by these nethods.
BACKGROUND OF THE | NVENTI ON For various parts of ships' hulls such as

outside shells of ships' hulls, exposed decks, super structures, holds
and bal | ast tanks, different heavy-d@ty coating conpositions have been
hitherto used. O these ship parts, the outside shells of ships’

hul I's can &gviesghéycal] VhESEedtish I hrig rBgiaisidi AilHdMBrd hat is al ways,
I mersed in water (|nclud|ng freshwater and seawater), a topside that is
not i mrer sedlateyatsrsiiiss 8 hloDd poNRREeW Bnathése Inoaiats bet ween the
bottom and the topside and repeatedly subjected to i mersion in water and
exposure to the atnosphere. In the painting of the outside shells of

ships' hulls, the paint for the top5|de Is desired to have weat hering

resi stance because this reB i) SF IBEON ve sunlight and rough
seas, the paint for the botton1|s deS|red to have antifouling properties
because this refPHnvasiolnayar ssibhergeibs anantihe pagntas srutgide boot
topping is desired to have weathering resistance, water resistance and
occasi onal F}S#e?ﬂa{;l PEUSTHBS priveblsi e PRRRA BRI T SSYRRF GTEIAFTUGES r ough seas

and i s repga
P oigs an ballast tanks, different heavy-duty coating

compositions have been hitherto used.

Of these ship parts, the outside shells of ships'
hulls can be roughly divided into three regions of a bottom
that is always immersed in water (including freshwater and
seawater), a topside that is not immersed in water and a
boot topping that is located between the bottom and the
topside and repeatedly subjected to immersion in water and
exposure to the atmospheref- In the painting of the outside
shells of ships' hulls, the paint for the topside is
desired to have weathering resistance because this region
is exposed to intensive sunlight and rough seas, the paint
for the bottom is desired to have antifouling properties
because this region is always submerged, and the paint for
the boot topping is desired to have weathering resistance,
water resistance and occasionally antif&ulinq_properties
because this region suffers rough seas and is repeatedly
subjected to immersion in water and exposure to dry air.

In order to coat the regions with paints satisfying
the above requirements, therefore, plural kinds of primers

for exclusive use are currently prepared in consideration



subj €cted to imrersion in water and exposure to dry air. In order to
coat the regions with paints satisfying the above requirenents, therefore,
pfrural kinds of primers for exclusive use are currently prepared in

consi deration 3 of adhesive strength
or the like, and thereby adhesive strength and anticorrosive properties
are ensured. The bottom and ocdasional |y the boot topping have been

hitherto coated with tar-type epoxy resin heavy-duty coating conpositions

having exceld eahelllic QLLARGLR oP RARM RS, | And tABGELLNAGKASSGe bul (he
paints of this type have a problemin carcinogenesis of tar or a problem
In that ruglhigqrht %hdp%in@iic'&gﬂro@i%eQr@?@%@:tiésc aweednbyirelieat of wel ding
or cutting and Condit.ion of the paint film can be hardly judged by visual
observati on becayge Hot® chdland SRad@bnally theubober toppéngahate beehai ni ng
tar have another problemin that the tar conponent bl eeds out into a top

coat film plieteded edated pdivH tHar-Byive epdsy hedinappesyvadoeyof the ships'

hulls or to exert evil influences on various functions such as antifouling
properties cuutinge aldigycogig il dHaaricw excellefs timeigormesivieor t he topsi de
and occasionally the boot topping of the outside shell, non-tar type

priners ar erapmriald yinseddugediidknes sashdwd et peiads &L Bhdedi ng.
Accordingly, in the use of the tar type epoxy heavy-dut
type have a problem in carcinogenesis of tar or a problem
in that rusting after painting, burned defects caused by
heat of welding or cutting and condition of the paint film
can be hardly judged by visual observation because the tarl
is black.

Further, the paints containing tar have another
problem in that the tar component bleeds out into a top.
coat: film provided on the paint film to cause bad
appearance of the ships' hulls or to exert evil influences
on various functions such as antifouling properties and
weathering resistance.

As the primers for the topside and occasionally the
boot topping of the outside shell, non-tar type primers are
generally used to avoid the above-mentioned tar bleeding.
Accordingly, in the use of the tar type epoxy heavy-duty
coating compositions having excellent anticor;osive
properties as primers for the bottom or primers for the
bottom and the boot topping, much care must be taken. For
example, the tar type and the non-tar type primers should
be painted by protecting the boundaries of these primers
(i.e., protecting the non-paint region by means of

attachment of a sheet or a tape). The overlapping portion



coati’ng conpositions having excellent anticorrosive properties as priners
for the bottomor prinmers for the bottomand the boot topping, nuch care
nust be taken. For exanple, the tar type and the non-tar type priners
showl d be painted by protecting the boundaries of these priners (i.e.,
protecting the non-paint region by means of attachnent of a sheet or a
tape). The overl appi ng portion 4 (portion wherein different
paints overlap to each other) should be treated with care in the painting

process. Inép@?@i&hoﬁheﬂggﬁ @i fkétenenpapat 8t olérlgedeo t ddclpad ttheny
machi ne needs to be sufficiently washed, and this results in conplicated

process andsWagla BE thbABeaswith carénihheheopsentingapreeessi ngimet hod,
further, when the surface of a filmof the tar type epoxy heavy-duty
coating coggastiban whenoat adffetrbnanpaigandsi nsédeethgdpaiyimye
antifouling paint, it is necessary to previously apply a vinyl type or tar
vi nyl type hanténecnaedsotbhbet anffypéentpyxyanbedy- dndytbbatraguitsm and
then apply the organotin- free hydrolyzable antifouling paint to the

bi nder coat in bespldcated pihecessecandr wagth P&t WBERNEKE-filns is low If a
top coat is applied to the tar type epoxy heavy-duty _coating fjlm

application of tA& the ceavensienpd paipting: mefhofn: Enyhhers WhgpyvERe

period of tinme. In case of .the tar type epoxy heavg-dutxdcgatingt. N
conposi t i on$ULERES Rfedy L1 Ofr EPgt 1781 FYORFP XYt PKY s He¥ufPEHHHY
conpllcatedégagg§¥%ion is coated with an organotin-free hydrolyzable

antifouling paint, it is necessary to previously apply a
vinyl type or tar vinyl type binder coat to the tar type
epoxy heavy-duty coating film and then apply the organotin-
free hydrolyzable antifouling.paint to the binder coat,
because the adhesive strength between the films is low. If
a top coat is applied to the tar type epoxy heavy-duty
coating film, application of the top coat is carried out at
an interval of a given period of time. 1In case of the tar
type epoxy heavy-duty coating compositions, the interval is
relatively short, and this results in complicated process
end complicated execution control.

In the conventional painting method, heavy-duty
coating compositions for regions other than the submerged
region in the outside shell and for the expo;gd deck are
different from each other as described above, and for each
region, an exclusive top coat and an exclusive binder coat
are used. Further, with various needs of the customers, an
extremely large number of paints must be prepared, and
complicated execution control is necessary. Hence, the

costs for paint storage and for transportation of paints



and conplicated execution control. In the conventional painting

met hod, " heavy-duty coating conpositions for regions other than the
subner ged region in the outside shell and for the exposed deck are
different fromeach other as described above, and for each regi on, an
excl usive top coat and an excl usive bi pder coat are used. Further, with
various needs of the custoners, an eXtrenmely | arge nunber of paints nust
be prepared, and conplicated execution control is necessary. Hence, the

costs for pabstoméohagl. andofEbvér ANSELEUSE | O EImglaiddSed painting becone
hi gh. Moreover, because of conplicated painting process, a |long period of
time is requpredessr aalohdngericddof heim oressequointed| fde qunirs: ing,

conpl i cat ed. Accordi ngly, now desired is devel opnment of a heavy-

duty coati ngandnphsi prooceshi cbnceaol floecoresinedrgpiiqatedr filmon all of
the parts of a ship's hull, such as an outside shell (including a bottom
boot topping and Atoprdirylyanmewpdseiredcks deselepment wzf i dieanhol d and
a ballast tank, to inpart anticorrosive properties to those parts, which
can form a t@éptroapatineg epmpeeitientwhiles¢ar f@¥memgaml fomm Qineul i ng

properties when the prinmer filmis optionally overcoated with an
or ganot i n- f r 6é1By8RoPY3aBEethanPrrbs| PR pBihR ' ©rithe |$%E ahiPWhi ch can

shorten the ai nting, ti ) Al so desired is devel opnent of a paintin
met hod of anoBtsi e gheige(including a bottom, boot toppfhg ang P 9

topside), an exposed deck, a super struqture, a hold and a
ballast tank, to impart anticorrosive properties to those
parts, which can form a top coat film of excellent adhesive
strength and antifouling propérties when the primer film is
optionally overcoated with an organotin-free hydrolyzable
antifouling paint or the like, and which can shorten the
painting time.

Also desired is development of a painting method of an
outside shell of a ship's hull, which is capable.of forming
excellent éntifouling films by coating the outside shell of
a ship's hull with few kinds of paints in a specific order,
which is capable of shortening the painting time and
reducing the costs for paint storage, and which is
advantageous in the hygienic qualities for painting workers

and the environmental protection.

OBJECT QF THE INVENTTON
The present invention is intended to solve such
problems associated with the prior art as described above,
and it is an object of the invention to provide a non-tar

type epoxy resin paint composition which is useful as a



out si-de shell of a ship's hull, which is capable of form ng excellent
antifouling films by coating the outside shell of a ship's hull wth few
ki,nds of paints in a specific order, which is capable of shortening the
painting time and reducing the costs for paint storage, and which is
advant ageous in the hygienic qual itibes for painting workers and the

envi ronnent al protection. OBJECT OF THE | NVENTI ON
The present invention is intended to solve such problens associated with
the prior keavasdues crddteicha smmpos idricbn tenipsl arabdly et eofprtilvexri nvention to
provide a non-tar type epoxy. resin paint conposition which is useful as a
6 heavy- dtApakRrit¢hdeiompainlied dplahame shhim pattsesuckagsbia of bei ng
applied to all of ship parts such as an outside shell of a ship's hull and
an exposedyezide b%hef\hi% PR 'S ih bfand Fmdsmasss deskonit¥si bl e when
an organotinp-free hydro]yzable antifouling paint is further provided,

whi ch can ‘tﬁli“v/‘éht?ﬁp]oilﬁ%ti s‘h‘lelar Rindgh&odhi 7 PHSSERAS B8 ffoperti es

such as anticorrosi roperties weat hering, resist.ance, ter resistance
and ant i fo?ﬁ’%oupr??)%e% ﬂ&é’é%at?]oe " mt%é:f‘?’t‘#o% d\,}'?‘rtth’@r

conventi o y epox eavy-duty ¢ i C 0osi ti.Qns I ch can
acconpl i s&g#%\;?%%% B’g‘% ‘{ﬁgné/%l? ]h‘)ée %%n?‘ﬁ% %?osc%%gp and %tzft?fct%ﬁ’ of the

costs for paipl v8iP5RY%r P UL Nilh ALY Al ARG v d - JPeditats

weathering resistance, water resistance and antifouling
properties equal to or higher than those of the
conventional tar type epoxy heavy-duty coating
compositions, which can accomplish rationalization of the
painting process and reduction of the costs for paint
storage, and which is advantageous in the hygienic
qualities for painting workers and the environmental
protection.
| It is anothér object.of the invention to provide a
heavy-duty coating film formed from the paint composition.
It is a further object of the invention to brovide a
painting method of an outside shell of a ship's hull, which
can impart desired properties such as anticorrosive
properties, weathering resistance, water resistance and
_anﬁifouling properties to the outside shell by using only
one kind of a specific outside shell paint aé a primer and
by applying few kinds of paints without using any binder
coat, which can accomplish rationalization of the painting
process and reduction of the costs for paint storage, and
which is advantagecus in the hygienic qualities for

painting workers and the environmental protection.



qual i-ties for painting workers and the environnmental protection. It
Js another object of the invention to provide a heavy-duty coating film
farnmed fromthe paint conposition. It is a further object of the
invention to provide a painting nethod of an outside shell of a ship's
hul I, which can inpart desired properties such as anticorrosive
properties, weathering resistance, ter resistance and antifouling
properties to the outside shell by using only one kind of a specific
outside shell paints as il MRIredyk dB4ePlot thd eWddddsofgpai nt s

Wi t hout using any binder coat, which can acconplish rationalization of the
pai nting precdeds axhipediddldn mwfidtel astthd adetpdnt st orage, and which
i s advantageous in the hygienic qualities for painting workers and the

envi ronment al protection. 7 It is
a still further object of the invention to provide a ship's hull painted
by the net hod. SUMMARY QENVUHEYINMVENBEONNVENTI ON The

non-tar type epoxy resin paint conposition according to the present
i nventi on conprikesion-tar {ype gepsapemin et reapesigriemer ably a
bi sphenol epoxy, resin having an epoxy equival ent of 100 to 500), (b)
a vinyl cHFIHERDPR e Prgrent invenyien [AMRIHETeSonpri si ng a pol yam de
or its m)dified(a) a bisphenol epoxy resin (preferably a bisphenol

epoxy resin having an epoxy equivalent of 100 to 500),

(b) a vinyl chloride copolymer, and

(c) a hardener comprising a polyamide or its modified
product.

The paint composition of the invention preferably
further contains (d) an aluminum powder in addition to the
components (a), (b) and {(c). In the paint composition of
the invention, tricresyl phosphate ié preferably contained.
In this invention, the vinyl chloride copolymer is
preferably a vinyl chloride/alkyl vinyl ether copolymer.

The non-tar type epoxXy resin paint composition is
useful as a heavy-duty coating composition.

The heavy-duty coating f£ilm according to the present
invention is formed from the non-tar type epoxy resin paint
composition.

According to the non-tar type epoxy resin paint
composition of the invention, heavy-duty coating
compositions for various ship parts such as an outside
shell and an exposed deck can be unified to one kind of a

heavy-duty coating composition, and use of a binder coat is

omissible when an organotin-free hydrolyzable antifouling



proauct The paint conposition of the invention preferably further
.contains (d) an alum num powder in addition to the conponents (a), (b) and
“(¢). In the paint conposition of the invention, tricresyl phosphate is

preferably contained. 1In this invention, the vinyl chloride copolymer is
preferably a vinyl chloride/alkyl gyl et her copol yner. The non-tar
type epoxy resin paint conposition i useful as a heavy-duty coating

conposi tion. The heavy-duty coating filmaccording to the present

i nvention paiher iedfhreherhprovoidedl tMpeeopexy thsisupsidé siONPasidi on.
According to the non-tar type epoxy resin paint conposition of the

i nventi on, ohbavypduty ofiati shipt¢enhuiilt cansbéoimparted switi prgedidss such as
an outside shell and an exposed deck can be unified to one kind of a
heavy- dut yfunatingscospasi t aphicandoaiveoprapprhiles. ceadtheringri ssi bl e when
an organotin-free hydrol yzabl e antifoulin

8 paint i5efiptRBESpr WRALtEEdreRbEEBNEE, AN eaéﬁﬁﬁpﬁélgﬁepromﬁdt1©$her parts
of a ship's_hull can be inparted wth various, functions,

ant i cor r osR&<hr 8fer eaEal %@a?ﬁehﬂﬁ&err§§?§t5H€§e RﬁtEPer%%$§?%hé@n%hd

antifoulin roperties, re equal ,to or her than those of the
conventiongﬁg ggpet FReRY Vﬁe Yd P?t&BgtFﬂﬂpegnﬁbg??rons

Further, even i 3,49 co%t such_a tEﬂc ree Jh gﬁgLyéa

antifoul ing pa|%P |§ %ppF|88 ﬂg ?h g gf ree
hydrolyzable antifouling paint is applied to the film of
the non-tar type epoxy resin paint composition at an
interval of a long period of time without using a binder
coat, excellent adhesive strength between layers can be
obtained. fThat is, the paint composition of the invention
can contribute rationalization of the painting process,
rationalization of the ship-building process and reduction
of the costs for paint storage. Furthermore, the non-tar
type epoxy resin paint composition is advéntageous in the
hygienic qualities for painting workers and the
environmental protection.

The painting method of the outside shell of a ship's
hull according to the present invention comprises the steps
of:

coating (i) a bottom of a ship‘'s hull or (ii) a bottom
and a boot topping of a ship's hull with a non-tar type
epoxy resin heavy-duty coating composition as a primer to
form a primer film; and

then further coating the surface of the primer film

_ with an organotin-free hydrolygable antifouling paint.

In this invention, it is possible that:



‘the non-tar type epoxy resin paint conposition at an interval of a |long
period of tine without using a binder coat, excellent adhesive strength
"between layers can be obtained. That is, the paint conposition of the

i nvention can contribute rationalization of the painting process,
rationalization of the ship-building,process and reduction of the costs
for paint storage. Furthernore, the non-tar type epoxy resin paint
conposition is advantageous in the hygienic qualities for painting workers
and the environhenwhblprotesidenshell of Thesiphp né imgl neidwiiding he out si de
shell of a ship's hull according to the present invention conprises the
steps of : bottom, ceabbay toppangotndnaotopside pls ¢toAtedrwith )a andmot t om
and a boot topping of a ship's hull with a non-tar type epoxy resin

heavy- dut ytasatyng epepwsresdn heavypfuherceatingreemoesiteen fasm and

then further coating the surface of the priner film wth an organotin-free
hydr ol yzabPELREK| £BUEPKY PaPRimer fllmrnaﬁﬂls invention, it is possible

t hat : t he mhole out si de shel |l of
a ship's hull ikBrPBdFREg g§urbsfeofrf Bhﬁola%“lli‘%ﬁpfhb‘“aﬂﬁo‘él@%s?féie(ﬂs coat ed

1ol B YRS £PTE ) EhT-DERAN SubyoEouling comosiiion a2 o
provi ded Othlkhus primer-treated outside shell is further coated

with an organotin-free hydrolyzable antifouling paint.

-In this invention, it is also possible that:

the whole outside shell of a ship's hull including a
bottom, a boot topping and a topside is coated with a non-
tar type epoxy resin heavy-duty coating composition as a
primer to form a primer film;

then the surface of the primer film provided on (i)
the bottom or (ii) the bottom and the boot topping out of
the thus primer-treated outside shell is further coated
with an organotin-free hydrolyzable antifouling paint, and
the surface of the primer film provided on the topside is
coated with a topside top coat;

and if necessary,

the boot topping is furthermore coated with a boot
topping top coat.

The painted ship's hull according to the present
invention has:

a non-tar type epoxy resin heavy-duty coating primer
film applied on (i) a bottom of the ship's hull or (ii) a

bottom and a boot topping of the ship's hull, and



the bottomor (ii) the bottom and the boot topping out of the thus
primer-treated outside shell is further coated wth an organotin-free
hydr ol yzabl e antifoul i ng paint. In this invention, it is also
possi bl e that: t he whol e outside shell of a ship's hull including a
bottom a boot topping and a topside j S coated with a non- tar type epoxy
resin heavy-duty coating conposition a prinmer to forma prinmer film
then the surface of the primer filmprovided on (i) the bottomor (ii) the
bottom and the boati déxpmaorgimiiresd hytdre e lpy iamari-foiuddined fdlisi de shel |
is further coated with an organotin-free hydrolyzable antifouling paint,
and the surdppkied ¢metlpr ipwimer |fmlm.ovi ded on the topside is coated with

a topside top coat; ~and if necessary, . the boot topping is
furthernore coat EthevipdintedEhin vy top Weatinventiomm@ypdiavesd ship' s
hul-1 according to the present invention has: a non-tar type epoxy

resin heavy-duty 20RBPTEAHrIYRE SR EFHIN SPBA (It Isatticie erimer ship' s
hull or (ii)_a bottom and a boot topping of the ship' s hull, and

10 an b RrRPhIed @0 iR TR W EHIS Gty 95 1Fhe 3| '&d hod 1t he
primer film, gginted shi,p's hull of the.inventi.o n%%KPave:

a non-tar_tyﬁ%c%$%§%g?% AL D2 RRSF CERRY et topside,

an organotin-free hydrolyzable antifouling film
applied on the primer film provided on (i) the bottom or
(ii) the bottom and the boot topping out of the whole
primer £ilm.

The painted ship's hull of the invention may have:

a non-tar type epoxy resin heavy-duty coating primer
film applied on the whole outside shell of the ship's hull
including a bottom, a boot topping and a topside,

an organotin-free hydrolyzable antifouling f£ilm
applied on the primer film provided on (i) the bottom or
{(ii) the bottom and the boot topping out of the whole
primer film,

a topside top coat film applied on the primer film
provided on the topside,

and if necessary

a boot topping top coat film applied on the boot
topping.

In any of the above-mentioned painting methods and
painted ships' hulls of the invention, the non-tar type
epoxy resin heavy-duty coating composition (primer) oxr the

primer film obtained by applying and hardening said



/
filmapplied on the whole outside shell of the ship's hull including a
.bottom a boot topping and a topside, and an organotin-free
hydrol yzabl e antifouling film applied on the priner film provided on (i)
the bottomor (ii) the bottom and the boot topping out of the whole
primer film The pai nted shig's hul | of the invention may have:
a non-tar type epoxy resin heavy-d_iy coating prinmer filmapplied on the
whol e outside shell of the ship's hull including a bottom a boot topping
and a topsemeesition prefegabbyi fuftleer hyeskioh ald exsvndodddig film
applied on the primer filmprovided on (i) the bottomor (ii) the bottom

and the bvesimeppi ng out of the whole priner film a topside top
coat filmapplied on the prinmer film provided on the topside, and if
necessary The Poermepppashiyctopsitmals fprefemibledatonldds: s  t oppi ng.

In any of the above-nentioned painting nethods and painted ships' hulls of
the i nvenFfBH1 $Rteabadt Bromypechlpoigatedpohralst dut yarc catryig.conposi ti on
(primer) or the priner filmobtained by applying and hardening said
conposi t | BRASpRef 3r¥bNylfaFerate chps i ns2 aSE¥eere prestn cand esiviinyl

chloride resin. The vinyl chloride resin is preferably a
vinyl chloride/vinyl alkyl ether copolymer, more preferably
a vinyl chloride/vinyl isobutyl ether copolymer.

In the present invention, the non-tar type epoxy resin
heavy-duty coating composition or the film obtained by
applying and hardening said paint preferably contains an
aluminum powder.

In the present invention, the topside top coat or the
film obtained by applying and hardenihg said top coat
preferably comprises an urethane paint, an epoxy paint, an
acrylic paint or a chlorinated polyolefin paint
(chlorinated rubber paint); and.the boot topping top coat
or the film obtained by applying and hardening said top
coat preferably comprises an urethane paint, an epoxy
paint, an acryiic paint, a chlorinated polyolefin paint
(chlorinated rubber paint), an organotin-free antifouling
paint or a mixture of these paints.

In the present invention, the organotin—éree
hydrolyzable antifouling paint or the film obtained by
applying and hardéning said paint preferably contains a
trialkylsilyl ester copolymer containing 20 to 65 % by
weight of constituent units derived from a trialkylsilyl

ester of a polymerizable unsaturated carboxylic acid and



The thernoplastic resin is preferably at |east one resin selected froma
chlorinated polyolefin, an acrylic resin, a vinyl acetate resin, a styrene
resin and a vinyl chloride resin. The vinyl chloride resin is preferably a
vinyl chloride/vinyl alkyl ether copolymer, nore preferably a vinyl

chl oride/vinyl isobutyl ether copolyger. In the present invention,
the non-tar type epoxy resin heavy-duty coating conposition or the film
obtained b appl ying and hardening said paint preferably contains an

al um num pé«‘meng a numben-avieragesnalecuiant vohght hdnbopsf de ¢Up woat or
the filmobtained by applying and hardeniig said top coat preferably
.conpri ses af- 0P8t hane paint, an epoxy paint, an acrylic paint or a

chl orinated pol yol efin paint (chlorinated rubber pdlﬂ%éﬁand t he boot

t oppi ng top coaf® bPet RESFERR SBYEPREAT by CBPpPLFRYC B HefRieni ng said top

f I ' h . pai nt, ' i
paint | CPOFVAREBRLBORY5REPRASPE, RELAECE o RRaf bR OREASEh ) o
tin- tifoul] | nt ] f_th ints. |
The-presenteERyERE, R pRacsPghfoeRAcrpaLL bR BroRaly & 8Ridigt1d ng pai nt
Cont ains. a LrEarRyie: 15 OBELK, B BRJGASLCRBLAN: S Bl o BEELFREY o g
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ylic acid an 12
According to the painting method of the outside shell

of a ship's hull of the invention, films having excellent
anticorrosive properties, weathering resistance and
antifouling properties can be formed with few kinds of
paints. Therefore, the method can accomplish shortening of
the painting time and reduction of the costs for paint
‘storage, and is advantageous in the hygienic qualities_tor
painting workers and the environmental protection.

The painted ship's hull according to the present
invention can be obtained by conducting hygienic painting
work for a short period of time using few kinds of paints,
and has excellent anticorrosive properties, weathering

resistance and antifouling properties.

DETAILED DESCRIPTION OF THE INVENTION
The non-tar type epoxy resin paint compésition, the
film formed from the composition, the painting method of
the outside shell of ship's hull and the painted ship's
hull according to the invention are described in detail
hereinafter.

- j int osition



having a nunber-average nol ecul ar wei ght (M1) of 1,000 to 50, 000. In
the present invention, the organotin-free hydrolyzable antifouling paint
“qr the filmobtained by applying and hardening said paint preferably
contains a vinyl resin in which an organic acid is linked to at | east one
side chain term nal through a netaigic ester |inkage. According to
the painting nmethod of the outside*shell of a ship's hull of the
invention, films having excellent anticorrosive properties, weathering
resi stance andThanhbheuhirngypeoppokieseshn paihor sedpasibidevoki tigs of
pai nts. Therefore, the nethod can acconplish shortening of the painting
time and reseotion cbmpliésessts for paint storage, and is advantageous in
the hygienic qualities for painting workers and the environnent al
protection. (a) @hbigahened shepysraain.according to the present
I nvention can be obtained by conducting_hygienic _painting work for a short
period of tine(ﬁéiﬁgVﬂéwlkFé&@réﬂepﬁpﬁﬁéymeﬁndaﬁds excel l ent anticorrosive
properties, weathering resistance_and antifouling properties. .
DETAI LED DESCRI{ST &\Nberdeper| ROERFLENNY & PoTKamhgR- OBy 1E5BoRpEksar esin

pai nt conEPsi ion, the filmformed fromthe conposition, the painting
nmet hod of Gut si de shel | of ship's hull and the painted ship's hul

according to"the inventionEgﬁeBQSEBEhgiqeig geggg&n her ei nafter.
Non-tar type epoxy resin p

The epoxy resin for use in the invention is a
bisphenol epoxy resin having an epoxy equivalent of
preferably 160 to 500, more preferably 160 to 300. The
epoxy resin is ordinarily liquid to solid. The epoxy
equivalent of the bisphenol epoxy resin for use in the
paint composition of the inventioﬁ is preferably within the
above range from the viewpoints of adhesive strength of the:
paint composition and workability in the painting process.

The paint composition of Ehe invention contains a
bisphenol epoxy reéin from among various epoxXy resins, so
that the film formed from the composition has toughness and
flexibility and thereby shows excellent adhesive strength.

Examples of the bisphenol epoxy resins include epoxy
resins of bisphenol A type, epoxy resins of bisphenol F
type, dimer acid-modified epoxy resins, polysulfide-
modified epoxy resins and hydrogenated products of these
bisphenol epoxy resins.

Particular examples of the epoxy resins of bisphenol A
type include diglycidyl ethers of bisphenol A type, such as
a bisphenol A diglycidyl ether, a bisphenol A polypropylene

oxide diglycidyl ether, a bisphenol A ethylene oxide



13 - The non-tar type epoxy resin paint conposition of the invention

conpri ses: (a) a bisphenol epoxy resin, (b) a vinyl chloride
copol yner, and (c) a hardener conprising a polyamde or its nodified
pr oduct . : (a) Bisphenol epoxy resin The epoxy resin

for use in the invention is a bisphfaol epoxy resin having an epoxy

equi valent of preferably 160 to 500; 'nore preferably 160 to 300. The
epoxy resin _is ordinarily liquid to solid. The epoxy equivalent of the

bi sphenol eposyyeidyh étheuseaihmydhegepated bisposiél o dfglhreidylvention is
preferably within the above range fromthe viewpoints of adhesive strength
of the paifthesnpediaibydupdenptrdbbisphenel t heopepintémey priobess.

The pai nt cgngfsition of the invention contains a bisphenol epoxy resin
from among 5P 1¥533¥hoRYNeEs| nBargiculant exampries e f okl epeam nemins

conposition .toughness and flexibility and_thereby shows excell ent
adhesi ve st?gramé’cﬁl?h not FER¥RBI b%%‘f‘g?h%l%l%ﬁh@ﬁbe%&@ fePiEphenglude

aei o modi 11 ot Epeey ReRi S ApbiSSheRbher SfSbveida g resing ang
acid-nodifie y i 1%, “p _ = € Tesins an
exanples of the SoeFes HESCPPBIRERERcrs L HHIRHT L TRE Syl et her s
of bi sphenob-AebyBB1eSUCh as a bisphenol A diglycidyl ether, a bisphenol A
pol ypr opyl ene oxide diglycidyl ether, a bisphenol A ethylene oxide

Examples of the epoxy resins which are liquid at
ordinary temperature include those under the trade names of
Epikote 828 (available from Shell Co., epoxy equivalent:
180 —.190, viscosity: 12,000 - 15,000 cPs/25°C), Epotohto
YDF-170 (available from Tohto Kasei Co., Ltd., epoxy
equivalent: 160 - 180, viscosity: 2,000 - 5,000 cPs/25°C)
and Frep 60 (available from Toray Thiokol X.K., epoxy
equivalent: about 280, viscosity: about 17,000 cPs/25°C).

Examples of the epoxy resins which are semi-solid at
ordinary temperature include those under the trade names of
Epikote 834 (available from Shell Co., epoxy equivalent:
230 - 270) and Epotohto YD134 (available from Tohto Kasei
Co., Ltd., epoxy equivalent: 230 - 270). Examples of the
epoxy resins which are solid at ordinary temperature -
include an epoxy resin under the trade name of Epikote 1001
(available from Shell Co., epoxy equivalent: ;50 - 500).

Together with the bisphenol epoxy resin (a) having an
epoxy equivalent of 160 to 500, other epoxy resins can be
used in the present invention. For example, epoxy resins
having an epoxy equivalent of more than 500 and epoxy

resins other than the bisphenol epoxy resins can be used in



14 diglycidyl ether, a hydrogenated bi sphenol A diglycidyl ether and a
hydr ogenat ed bi sphenol A propyl ene oxide diglycidyl ether. Particular
exanpl es of the epoxy resins of bisphenol F type include diglycidyl ethers
of bisphenol F type, such as a bisphenol F diglycidyl ether. O

t hese, the epoxy resins of bisphenol 13 type are pr ef er abl e. Exanpl es
of the epoxy resins which are liquid™at ordinary tenperature include those
under the trade nanes of Epikote 828 (available from Shell Co., epoxy

equi val ent : supdp smaldp ampustss iasy not2 paed udicd adogoc Phe2sbaeck€) of Epbeoht o
YDF- 170 (avail able from Tohto Kasei Co., Ltd., epoxy equivalent: 160 -

180, vi scosiyentigyy -€.g5.006-cPsy 2spant of netd mexrep then( &0arprabEeb¥r om
Toray Thi okol K.K., epoxy equijvalent; aboyt 280, viscosity: about 17,000
cPs/ 25[ er r ] ®eight ’ba%ér?ﬁ’l ég’ooipatr}?@ oxpLadd o ech1gpberehi eR8KYd at
ordi nary teﬁn}r)er.atur% i ncl ude those under the trade nanes of Epi kote 834
(avai |l abl e f7OHISH@)" Co., epoxy equival ent: 230 - 270) and Epotohto YD134

(avai l abl e from Tght o _Kasei__ Ca., tng,e oXxy. € uivalent:a§30 - 78%
Exanpl es of the EpPoXy resine Whit e%‘%i SRS AL ERpe PAt (P
nel ud . ; . .

from Snel| G Jod,a%" A theeit d. 35F R, Yoot KRR L (RUR pRRLS

bi sphenol epoxYedAsintd 3p-NaMi NGAR 18 R IMEH @ ke 1166 .t 01,380, ot her
epoxy resins can be

epoxy equivalent: 600 - 700). Examples of the epoxy resins

of non-bisphenol type include those of cyclic aliphatic

type, non-cyclic aliphatiec type and epoxidized oil type.

(b)_Vinvl chloride copolymer
Examplés of the vinyl chloride copol&mer (b) include a
vinyl chloride/vinyl acetate copolymer, a vinyi
chloride/vinyl propionate copolymer, a vinyl chloridé/alkyl
vinyl ether coﬁolymer, a vinyl chloride/acrylonitrile
copolyme#, a vinyl chioride/diethyl maleate copolymer, a
'vinyl chloride/ethylene copolymer, a vinyl chloride/maleic
anhydride. copolymer, a vinyl chloride/alkyl (meth)acrylate
copolymer (number of carbon atoms of alkyl'group: about 1
to 5), a vinyl chloride/styrene copolymer, a vinyl
chloride/vinylidene chloride copolymer, a vinyl
chloride/vinyl stearate copolymer, a vinyl cﬁioride/maleic
acid (or maleic acid ester) copolymer and a vinyl
chloride/aliphatic vinyl copolymer.
Also available are graft modified products of
polyvinyl chloride obtained by graft modifying polyvinyl

chloride with "other monomers" than vinyl chloride and



used 4 n the present invention. For exanple, epoxy resins having an epoxy
equi val ent of nore than 500 and epoxy resins other than the bisphenol
epoxy resins can be used in 15 such
smal | amounts as not prejudicial to the objects of the invention, e.g., in
an anount of not nore than 60 parti by weight based on 100 parts by weight
of the bi sphenol epoxy resin (a). The epoxy resin not having an
epoxy equivalent of 160 to 500 is, for exanple, an epoxy resin under the
trade naneopaflymeatso kxaibetl By araifltabbdifyamyTobtheKapolyfers» Lt d.

epoxy equi val ent: 600 - 700). Exanples of the epoxy resins of

non- bi sphdisin tthee rodpvide 1t widerdfdec wiltihc aabopiratingl thperiden-cyclic

al i phatic type and epoxidi zed oil type. (b) Vinyl

chl ori de @9FeME¥er Exanpl es of the vinyl chloride copolyner (b)

I nclude a vinyl chlorldeIV|ny| acetate copol yner, a V|n¥ chl ori de/ vi nyl
pr opi onat e cop lesy off e @hbes @@P&Wﬁyﬁ 1@F%9¢eeﬂﬁé haesYyher, a

vi nyl chlorld Ionltrlle pol y Vi n chl i et hyl mal eate
copol yner 2 éa (ﬁﬁ?ﬁQ%kaQHﬁ%ﬂ el E gPFn@ omé o n?ﬁﬁ ﬁlgFPHEfnaleic
anhydrlde chlorlde/alk ( at ol ymer

( nunmber ofa Ctbc}hm%q (ﬁY& %’5&} %§¥& %Fﬁgg

chl ori de/ sty e c yner chI l,id l.qri de

copol yrer, %éé%#\lﬁgéLIOH§§¥ e dopo é%grgﬂﬁyﬁg 8

Chloride/r@iﬁyfidene chloride, stearic acid, maleic acid, maleic acid
esters and aliphatic vinyl, which are monomers for forming
the vinyl chloride cobolymer.

Of the above vinyl chloride copolymers (b), the vinyl
chloride/alkyl vinyl ether copolymer is preferable because
it shows good affinity for the bisphenol epoxy resin (a)
and has excellent overcoatability and anticorrosive
properties.

Examples of the vinyl chloride/alkyl vinyl ether
copolymers preferably used in the invention include
copolymers of vinyl chloride and alkyl vinyl ethers having
alkyl groups of 1 to 10 carbon atoms, preferably 2 to 5
carbon.atoms, such as a vinyl chloride/isobutyl vinyl ether
copolymer, a vinyl chloride/isopropyl vinyl ether copolymer
and a vinyl chloride/ethyl vinyl ether copolymer.

The vinyl chloride copolynmer (b) is desi;ed to have a
weight-average molecular weight (Mw) of usually 10,000 to
100,000, preferably 20,000 to 50,000, particularly
preferably 22,000 to 40,000. When the weight-average
molecular weight is within this range, the affinity of the

copolymer for the epoxy resin tends to be improved.



acid {or maleic acid ester) copolyner and a vinyl chloride/aliphatic vinyl
copol yner. Al so avail able are graft nodified products of polyvinyl
-chl ori de obtained by graft nodifying polyvinyl chloride with "other
nononer s” than vinyl chloride and 16
copol yners obtained by graft nodifying "other polyners” than the polyvinyl
chloride with a polyvinyl chloride Irfononer . Exanpl es of the other
nmononers include (nmeth)acrylic acid alkyl esters (nunber of carbon atons

of alkyl group: asahid vintQ Bhio$tinesA8obaekY! ¢RhiLi benedi e&?&iyﬁakeate,
olefins (e.qg., ethylene, propylene), maleic anhydride, vinylidene
chloride, hxeal st EtheTRligad abildridel/alkyacikinyestensrabdpslimbati c
vinyl, which are nononers for formng the vinyl chloride copolyner.

O the abowherenyarc hleo etk ionpd), y feis eikhjnpliehe Larofl exchRespde/ al kyl vi nyl
et her copolyner is preferable because it shows good affinity for the

bi sphenol époxoflreesiMP2Ga) Laand lexs MP36e binénL.acoédlegaMalbl (Y 1labding
anticorrosive properties. Exanpl es of the vinyl chloride/al kyl vinyl
et her copdivpds namest.ceyisiilalded fmoemt BASFnEenti on i ncl ude copol yners of
vinyl chloride and al kyl vinyl ethers having alkyl groups of 1 to 10
carbon atons, preseapiipyl Chloride sopcdyBers saphbgsuged gypgly or

chloride/i&obuayl,vinyl et her .
in combination of two or more kinds.

The vinyl chloride copolymer (b) is used in an amount
of usually 5 to 90 parts by weight, preferably 10 to 30
parts by weight, based on 100 parﬁs by weighé of the
bisphenol epoxy resin (a) which is one component of the
non-tar epoxy resin paint composition. When the vinyl
chloride copolymer (b) is contained in this amount in the
paint composition, the copolymer shows good aifinity for
the bisphenol epoxy resin (a) and the composition tends to
have good anticorrosive properties and overcoatability.
The compounding proportion of the vinyl chloride copolymer
(b) is desirably in the above range from the viewpoints of
both of anticorrosive properties of the resulting film and
overcoatability with the top coat.

Together with the vinyl chloride copolymer (b) that is
a thermoplastic resin, other thermoplastic resins than the
vinyl chloride copolymer can bg contained in the paint
composition of the invention within limits not prejudicial
to the objects of the invention. In the non-tar type epoxy
resin paint composition, the thermoplastic resin other than
the vinyl chloride copolymer (b) may be contained in such

an amount that the total amount of the thermoplastic resin



copolynmer, a vinyl chloride/isopropyl vinyl ether copolyner and a vinyl
«chl oride/ethyl vinyl ether copolyner. The vinyl chloride copol yner
(b) is desired to have a weight-average nol ecul ar wei ght (Mv) of usually
10,000 to 100,000, preferably 20,000 to 50,000, particularly preferably
22,000 to 40,000. Wen the meight-aygrage nol ecul ar weight is within this
range, the affinity of the copolyner for the epoxy resin tends to be

i nproved. As the vinyl

chl or i de/ | SORRRYENSS ninciding | Yiayl ¢h3e9ﬁnaiﬁmgomienmmyﬂb)

chl oride/al kyl vinyl ether capolgners t here, can be nentioned, for

exanpl e, BRSPS $gwmbly 5 40 010 BaMD DY (Weightex MEfPraRIV 4 419 &0 MP45
[l bei t | abl e, f BAS
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based on 9$ ?ﬁ g by melght of the bisphenol epoxy re5|n (a) which is one
conmponent © e %on tar epoxy resin paint conmposition. \Wen the vi nyl

chl ori de copoly. ' | tphib BEPUNt 5 5¥?

conposi tion, thgﬁéo%g Th fgﬁ%ggng%%i aftinity Wﬁ é%l |sp enoI @%oxy
resin (a) éﬁﬂo%b&e08838§yﬁé9n(E?ngétt&b f@m@&&%&%&fﬁﬁédﬁgrd%“iﬁté¥d&¥”t'eS
and overcoatability. ~ The conpoundi ng proportion of the vinyl chloride

copol yner stress when the non-tar type epoxy resin paint composition

(epoxy paint, epoxy heavy-duty coating composition) is
hardened, and thereby adhesive strength between a substrate
or an undercoating film and an epoxy film formed from the
epoxy paint can be improved. The thermoplastic resins
(rubbers) are solvent-soluble and are dissolved in a
solvent contained in tle top coat, so that they can improve
adhesive strength of the epoxy film to the top coat or can
ease restrictions on the painting interval of the epoxy
paint (i.e., can extend the painting interval), and they
contribute increase in the kinds of top coats capable of
being applied onto thé epoxy film.

Examples of the thermoplastic resins (rubbers) other
than the vinyl chloride copolymer (b) include chlorinated
polyolefins, such as chlorinated rubber, chlorinated
polyethylene and chlorinated polypropylene; éérylic resins,
such as methyl (meth)acrylate copolymers, propyl
(meth)acrylate copolymers, butyl (meth)acrylate copolymers
and cyclohexyl (meth)acrylate copolymers; styrene resins;

aromatic petroleum resins; aliphatic petroleum resins;



(b)~hs desirably in the above range fromthe viewoints of both of
.anticorrosive properties of the resulting filmand overcoatability with

the top coat. Toget her with the vinyl chloride copolyner (b) that is
a thernoplastic resin, other thernoplastic resins than the vinyl chloride
copol ynmer can be contained in the hnt conposition of the invention

wthin limts not prejudicial tot obj ects of the invention. In the
non-tar type epoxy resin paint conposition, the thernoplastic resin other
than the wreytaldehyde econpaisareiorn hesiys becammaimad gy such an anmount
that the total ampunt of the .thernoplastic resin

18 conponePmaiere uthdene neesimy | ansh|pen tthed bopo Ipotymeds). becones usual |y
5to 90 parts %hwelght preferably 7 to 50 parts by weight, particularly
preferably 10 t %@epﬁhﬁmwlaWCQmesmwﬂd?qu m’rtsbebylsmi ght of the
bi sphenol epox resin (a). The thernopl astic resins (rubbers)

i ncl udi ng ?h%gi;Yn‘H 1%FH=QIF1PH@‘E:¥§HBI%W<{ T dereakimslsaxati on agents of
internal stress when the ai nt conposition
(epoxy paint, epoxy heeg Qkar dened, and

t her eby adhesive strength b Lug % n undercoatlng filmand
an epoxy f|In1forned fron1tﬁ%——epvxy%mm4ﬁ—1é%F%§Lﬁnproved The
thernoplastic rg e I t.-sol.ubl e and are_ di.ssol ed in a
sol vent cont ai ne t%&f‘?&% %%Pt%}?%] ?%se%/h créﬁ RSP & SSdth d &) \S
strength of ﬁgfyéﬁfé¥ éflfléch55¥¥féﬁ’ﬁ¥gﬁuég £f&"employed. The non-

tar type epoxy resin paint composition containing the

0 -tar tyoe epoxy
“ pe ¥ (AL ~LOMmpY

-re |n

hardener (c) can be hardened at ordinary temperature, and
therefore the composition is favorably used for painting
work generally performed at ordinary temperature, e.g.,
painting of outside shells of ships' hulls.

The polyamide and its modified product are desired to
have an amine value of usually 50 to 1,000, preferably 80
to 500. When the amine value of the hardener is in this
range, the balance between drying characteristics and
adhesive strength tends to be improved. The hardener is
ordinarily liquid to solid.

Examples of the polyamides include those under the
trade names of Luckamide N-153 (available from Dainippon
Ink & Chemicals Inc., amine value: 80 - 120), Luckamide TD-
966 (available from Dainippon Ink & Chemicalg Inc., amine
value: 150 - 190) and Sunmide 315 (available from Sanwa

. Kagaku Kogyo K.K., amine value: 280 - 340).

Examples of the modified products of polyamides

include epoxy adducts obtained by the addition of epoxy

compounds to polyamides, such as PA-23 (trade name,



ease .restrictions on the painting interval of the epoxy paint (i.e., can
extend the painting interval), and they contribute increase in the kinds

‘of. top coats capable of being applied onto the epoxy film Exanpl es
of the thernoplastic resins (rubbers) other than the vinyl chloride
copol ymer (b) include chlorinated | yol efins, such as chlorinated rubber

chlorinated polyethylene and chl orThated pol ypropyl ene; acrylic resins,
such as nethyl (nmeth)acrylate copolynmers, propyl (neth)acrylate
copol yner saV@yléfbl? nﬁrma@m’)ﬁ%tféamw#é{s argie iaiushyer8l +( dt).acryl at e

copol yners; rene resins; aromatic petroleumresins; aliphatic petroleum
resins: and annich modified prodicts of mpdified p &Sondd¥dht i on

resins; ketone_resins; . counmrone-indene resin; and, pgntad ene pol yners.

These t her BpPaesa cHREPREr (Fiph? of trade AR e AVa Wi nati on
ﬁéd}f“?eﬁrpﬁ"aﬁakkm?e%f .. aming Y%@%Za%ﬁ”e%@’>”$2'f{ he B?L%ﬁé“nﬁf epoxy
ey B AL sl AR S,
EE I e g
tenperature, e.gphe pB¥, BhiALsCin@UEREIE REELESe@f pidtiRSes MU Soe used

singly or in combination of two or more kinds.

In the present invention, the polyamide or its

modified product is desirably used in such an amount that

the equivalent ratio between the epoxy of the bisphenol

epoxy resin (a) and the amine of the hardener in the non-

tar type epoxy resin paint composition becomes usually 1 :

0.35 (epoxy ccmponent : amine component) to 1 : 0.9,

preferably 1 : 0.4 to 1 : 0.8. When the polyamide or its

modified product is used in this amount, a paint £ilm

formed from the composition tends to have excellent drying

characteristics, anticorrosive properties and

overcoatability. In other words, the polyamide or its

modified product is used in an amount of usually 10 to 80

parts by weight, preferably 20 to 70 parts by weight, based

on 100 parts by weight of the bisphenol epoxy resin (a) in

the non-tar type epoxy resin paint compositioh.

In the present invention, hardeners for the epoxy
resin other than the polyamide and its modified product may
be contained within limits not prejudicial to the objects

"of the invention.



The polyamide and its nodified product are desired to have an amine val ue
of usually 50 to 1,000, preferably 80 to 500. Wen the am ne val ue of the
hardener is in this range, the bal ance between drying characteristics and
adhesive strength tends to be inproved. The hardener is ordinarily liquid
to solid. Exanpl es of the pol yagi,des include those under the trade
nanmes of Luckam de N- 153 (avail able f &n1Dainippon Ink & Chem cals Inc.,
am ne value: 80 - 120), Luckam de TD- 966 (available from Daini ppon Ink &
Chemicals Inc., affhezre \isl ne: spBBifit9dimitdtSonnduetBéSotheni | abl e from
Sanwa Kagaku Kogyo K K., am ne value: 280 - 340). Exanpl es of the
nmodi fi ed prod@edenerspokgafiadeas thevurdeaspowjthdtbet epovy ar@sthbsot he
addi ti on of epox conpounds to pol yam des, such_as _PA-23 (trade nane,

20 avail abl &af ditak e FREgEKAMRIR, | agdnge tyRePubardenerssoyher gelammnni ch
nodi fied prodycts of nudified polyam des, such as Adeca Hardener EH 350
(trade nane,t%@aHQ%MQELﬁﬁﬁnPﬁéaﬁPelﬁeWE§1§&&909R9 uctgpj GaRrhaxybic 33¢id

380). . th i d d their .nodified ducts, _t . addugt f
opoxy compounBeanEigEERs b Py e arly T8 tYPeTnBrAsiEky: and sk it  ; °
4 1ied . el . ! \
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duct is desi ' h t th .12h ' crati
product 15 gg.ioéx ygﬁ% g@gﬁeolo%n 134 bhab1ikhRae9HEvaheghihat i O
value of 50 to 1,000, preferably 80 to 500.

Examples of the amine type hardeners for the epoxy
resin include aliphatic amines such as
polyalkylenepolyamine, aromatic amines and alicyclic
amines. Also employable are epoxy adducts obtained by the
addition of epoxy compounds to these amines, Mannich
modified products and carboxylic acid modified products.

Hardeners of ketimine type obtained by modifying these
amine compoﬁnds with ketones are also employable.

Examples of the amine compounds optionally used in the
invention include modified alicyclic polyamine of ketimine
type, such as Anchamine MCA (trade name, available from
Anchor Chemical, Ltd., amine value: 250 - 350); modified
bhenol amine, such as Cardlite 541ILV (trade name, available
from Cardlite Corporation, amine value: 260 - 350); and
modified aromatic polyamine, such as Adeca Hérdener EH101
(trade name, available from Asahi Denka Kogyo K.K., amine
value: 400 - 500).

These amine dompounds can be used singly or in

combination of two or more kinds.



epoxy resin (a) and the am ne of the hardener in the non- tar type epoxy
resin paint conposition becones usually 1 0.35 (epoxy conponent : am ne
conponent) to 1 : 0.9, preferably 1 : 0.4 to 1 : 0.8. Wen the pol yam de
or its nodified product is used in this amount, a paint film fornmed from
the conposition tends to have excellg&% drying characteristics,
anticorrosive properties and overco bility. In other words, the
polyam de or its nodified product is used in an anmount of usually 10 to 80
parts by wei ght, Thefaian ycotipdund Giparded biyn viricdhtan kasecht awhatO@heart s
by wei ght of the bi sphenol epoxy resin (a) in the non-tar type epoxy resin
pai nt conposté¢tah.amount ¢f the golasenide mue nitomodidiidesharodugt tlilkd epoxy
resin other than the polyam de and its nodified product ma be contai ned
wi thin |intandotheraping ctempound feeeines tusuakly HO ita &f iRgxts by

21 There is no specific limtation on the other hardeners, as far as
they react vwweiohhe RPRE§rally 2Q to hif Rarts bydreighihpiRaseshiote 10fe

har deners ot her than the pol yam des, and their nodified products,

carboxyl i ¢ aRREEStHBewpiy sthe ispherRtl | SROXY fee it dtler’d & si | anol

type hardeners are enpl oyabl e. The, am ne type hargdeners re preferably
those of i qﬂ?a"fﬁrsgﬁ’ﬁ FRAN G S AP VEPTRC B - 5 1 o ]%1 (ﬂf&erpref erably
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the equivalent ratio between the epoxy of the resin (a) and
the amine of the hardener becomes usually 1 : 0.35 (epoxy
equivalent : amine equivalent) to 1 : 0.9, preferably 1
0.4 to 1 : 0.8.

Other additives

In the non-tar type epoxy resin paint composition
(heavy-duty coating composition) of the invention, various
additives, such as plasticizer, extender pigment, color
pigment, rust pfoof pigment, solvent, hardening
accelerator, anti-sagging agent and aﬁti—settling agent,
may be contained in addition to the above components.

The non-tar type epoxy resin paint cémposition of the
invention preferably contains an aluminum powder as the
pigment component. Examples of the aluminum powders
include those of leafing type and non-leafing type having a
mean particle diameter of 1 to 100 fm. |

When the aluminum powder is added to the paint
composition in an amount of 3 to 30 % by weight, preferably
4 to 10 % by weight, the anticorrosive properties are
greatly improved, and the water resistance in the

submergence environment becomes good. If the amount of the



resin jnclude aliphatic am nes such as pol yal kyl enepol yam ne, aromatic
am nes and alicyclic amnes. Al so enployable are epoxy adducts obtained by
the addition of epoxy conpounds to these am nes, Mannich nodified

products and carboxylic acid nodified products. Har deners of  ketim ne
type obtained by nodifying these am conpounds with ketones are al so
enpl oyabl e. Exanpl es of the am conpounds optionally used in the

i nvention include nodified alicyclic polyam ne of ketimne type, such as
Anchani ne MGA Jriirade powdar asaidets eHa appeAndiiar tCodnitbal abbve. rangene

val ue: 250 - 350); nodified phenol amne, such as Cardlite 541LV (trade
name, avail athe visorsiGy df ttheCoaiortatdamposirtiion vigloyeases0witys0); and
modi fied aromatic pol yam ne, such as Adeca Hardener EH101 (trade nane,

avai | abl e f rimproednenemd@ Kugyantdgerrogivre PrARarE1ies0 and0) . '

These am ne conpounds can be used singly or in conbination of t or nore
ki nds. consequently kneading propertigs 1in thﬁ“pqﬁHQEQtegﬁp nd i s used

in such an amount that the  total anpbunt of the polyamide or its dified
broduct () a8 dHATEL A PRRRE el (e B R i FE9 5, Sob

wei ght, preferafl 20 to 70 parts by weight, based on 100 parts by weight
of the bisphEﬂo O¥Pbxy resin (a) in the non-tar type epoxy resin paint

Char the equi val SR PRETEberHEE SHEY LSEHE S (R TLIHE LyRhAmoun!
tar type epoxy resin paint) is used as (1) a two-pack (two-
part) type consisting of (I) é composition comprising the
epoxy resin cdmponent (a) and the vinyl chloride copolymer
(b) and (II) a composition comprising the hardener
component (c), or used as (2) a two-pack (two-part) type
consisting of (I-a) a composition comprising the epoxy
resin component (a) and (II-a) a composition comprising the
vinyl chloride copolymer (b) and the hardener component
(c). Of these, preferable is the two-pack type (1).

These parts are stored in separate containers, and in
the use thereof, they are mixed immediately before the
primer coating process or they are ﬁixed by means of a
mixing spray such as a twin spray gun in the coating
prbcess.

The non-tar type epoxy resin paint composition of the
in§ention has excellent adhesive strength to-various top
coats. As the top coat for ship parts, the later-described
organotin-free hydrolyzable antifouling paint is
particularly preferably used.

That is, it is preferable that (i) a bottom of a

ship‘s hull or (ii) a bottom and a boot topping of a ship's



t he "am ne of the hardener becones'usually 1 : 0.35 (epoxy equival ent
am ne equivalent) to 1 : 0.9, preferably 1 0.4 to 1 : 0.8

Ot her additives In the non-tar type epoxy resin paint conposition
(heavy-duty coating conposition) of the invention, various additives, such
as plasticizer, extender pignent, cqi pi gnent, rust proof pignent,

sol vent, hardening accelerator, antl-sagglng agent and anti-settling
agent, nmay be contained in addition to the above conmponents. The
non-t ar typbubpoxyhleblmr@dmeUQMﬁwmnﬁQ|Q9ﬂQﬁC¢rw&thrﬁﬁﬁﬂﬁQﬁ¥Vpreferably
contains an al um num powder as the pignent co onent. Ies of the

aIun1nun1pomH@f§rabhrIE@% vhoke outsideishely eﬁuﬁhﬁﬁ1% Ing type having
a nmean particle _dianeter. of 1 to 100 $err¢ ﬁﬁ?the al um num
powder is aHE@H“@bﬂghEh%éPﬂFtO%onﬁB§| ?PEHFE&&HH% thi PRY Ay
wei ght, preferabl 4 to, 10 % t he antlcorr05|ve opert es are
greatly inpfFBeEgd HhHhtEgemﬁ?%rg?EngPﬁn%%p¥¥ TRRtn éﬁﬁﬁ@%d@ﬁ@@ Thment

beconmes goo &3

aIun1nun1poﬁ8@P°§%gé8asa§h8 Bﬁb@?rlFﬁ1F°5T 2 HRERSY Sy 87 TR V|sc03|ty
of the paint gggggsbklgﬂe %£ﬁ§§e§ Yhtﬁs EQPERNENESL & Jiven &g}t | corrosive

properties, consequeén head properties in the preparation of

pai nt and h%&gﬁh@QiBL@EEEth?ﬁrbﬂy&gﬁlgahﬂEhﬁguﬂiﬁ§e§§lﬁ@nﬂo form an

antifouling paint film, whereby excellent adhesive strength
between the primer film and the antifouling paint film can
be obtained.

Painting methods of outside shells of ships' hulls

In the painting method of an outside shell of a ship's.
hull according to the invention, (i) a bottom of a ship's
hull or (ii) a bottom and a boot topping of a ship's hull
are coated with the later-described non-tar type epoxy
resin heavy-duty coating composition as a primer to form a
primer film, preferably followed by drying the primer film.
Then, the thus treated primer film are further coated with
the later-described organotin-free hydrolyzable antifoulind
paint.

In the present invention, it is also possible that the
whole outside shell of a ship's hull including a bottom, a
boot topping and a topside are coated with the non-tar type
epoxy resin heavy-duty coating composition as a primer,
preferably followed by drying the resultant primer film.
Then, the surface of the primer film provided on (i) the

bottom or (ii) the bottom and the boot topping out of the



to | ower. The non-tar type epoxy resin paint conposition (non- tar
fype epoxy resin paint) is used as (1) a two-pack (tw- part) type
consisting of (1) a conposition conprising the epoxy resin conponent (a)
and the vinyl chloride copolymer (b) and (I1) a conposition conprising the
har dener conponent (c), or used as ) a two-pack (two-part) type
consisting of (l-a) a conposition cggérising the epoxy resin conponent (a)
and (Il1-a) a conposition conprising the vinyl chloride copolyner (b) and

t he har dendhuso prdment-trea)kedObutkése, sheefleiabkeatsqat fechwengack type (1).
These parts are stored in separate containers, and in the use thereof,

t hey are niotadnotmindifaesl hydeodyzablie aptifenlingt pagnprocess or they are
m xed by neans of a mxing spray such as a twin spray gun in the coating
process. Thise flat- Lot topppoatdrn pésthepahnp botrpomi ikoboehtéde

I nvention has excell ent_ adhesive strength to various top coats. As the
top coat f@&t hepmest: seeply submergescpilbee ofothenship! érkelhydandyzabl e

antifouling paint i articularly_ preferably used. That is, it is
preferable%Pﬁgﬁg%F)%érﬂﬁﬂtéﬁﬁ§Pe§ thehppageny| Therefpry. athbstportbona boot
t oppi ng of .a ship'. . ) 24 hull, which are
brought i nt'd @Eﬁgéiﬁhﬁqﬂf9§é§%ﬁwgp,°pré9éPaBP9 tRel®fs| Eovlediwikthhel | of

a ship's Nydgad;Ufls dile RBROLLOT LS BAgL LPPLAG 20d the Lgpsi de. are
portion is under relatively mild environmental conditions.

Accordingly, the flat bottom portion can be coated
with, not the organotin-free hydiolyzable antifouling paint
of excellent antifouling properties, but the conventional
antifouling paints which are inexpensive and economically
advantageous (e.g., antifouling paints of chlorinated
rubber type, vinyl type and acrylic type) or hydration-
decomposable antifouling paints. According to the ship
running environment, the flat bottom portion does not need
to be coated with an antifouling paint.

In the present invention, the topside (outside shell
above the'boot topping) having been subjected to thé primer
treatment is coated with a topside top coat, because this
region is exposed to intensive sunlight or rough seas and
is desired to have weathering resistance.

The topside top coat is preferably an uréthane paint,
an epoxy paint, an acrylic paint or a chlorinated
polyolefin paint (chlorinated rubber paint), particularly
an urethane paint.

The boot topping having been subjected to the primer'

treatment undergoes dry-wet alternate attacks of immersion



coated with the non-tar type epoxy resin heavy-duty coating conposition as
a prinmer to forma priner film and then the surface of the priper filmis
further coated with an organotin-free hydrolyzable antifouling paint to
forman antifouling paint film whereby excell ent adhesive strength
between the prinmer filmand the an%ifouling paint filmcan be obtained.

Pai nti ng net hods of outside shells & ships' hulls In the painting
nmet hod of an outside shell of a ship's hull according to the invention,

(i) a bottigmsehwatehi Bnd elpbbuee tbi tha BehbSPhapd and0pL @i ng of a
ship's hull are coated with the |ater-described non-tar type epoxy resin

heavy- dut seteaid efivdeopAShtaONcaaddtRbhEE sbothat MAis PrégEsnfid m
preferably followed by drying the primer film Then, the thus treated
primer fildesdred tot havec aebetentihy rebéskahee; deacerbedsbsganes) n-free
hydrol yzabl e antifouling paint. In the present invention, it is
al so possiande odeas ivhallywhentifoudidg phebkrofiea. shFprsthis | reamsdndi ng a
bottom a boot topping and a topside are coated with the non-tar type
epoxy resithendoppf doppivgatisngoesegoviithothgsbelevidescribedef er abl y
followed by drying the resultant priner film  Then, the surface of the
prinmer fil9RgFRRGsdree bvarojyza esnidpuling paénboP¥ohRP@kd t he boot
t oppi ng out of, the 25 thus

pri mer -t r SEEFGUIESPIE® el | is coated with the

The boot topping top coat is preferably an urethane
paint, an epoxy paint, an acrylic paint, a chlorinated
polyolefin paint (chlorinated rubber paint) or an
organotin-free antifouling paint, particularly preferably
an epoxy paint or an organotin-free hydrolyzable
aﬁtifouling paint.

In the painting of the outside shell of a ship's hull,
the following methods are available.

(1) The whole outside shell composed of a bottom, a
boot topping and a topside is subjected to primer coating
at a time, preferably followed by drying the resultant
primer f£ilm. Then; the bottom (i) or the bottom and boot
topping (ii) are coated with an organotin-free hydrolyzable
antifouling paint.

(2) For each region of the outside shell, i.e., a
bottom, a boot topping or a topside, or for eéch portion of
each region, coating with the primer and overcoating with
the organotin-free hydrolyzable.antifouling paint ((i)
bottom, or (ii) bottom and boot topping) are carried out,
or coating with the primer and coating of the topside with

the topside top coat or coating of the boot topping with



organotin-free hydrol yzable antifouling paint. The flat bottom
~portion of the ship bottomis |located at the nost deeply subnerged pl ace
of the ship's hull, and sunlight hardly reaches the place. Therefore, this
portion is unsuitable for gromh of algae and is less fouled with
organi sns than other portions, thatobs, the flat bottom portion is under
relatively mld environnental conditions. Accordingly, the flat
bottom portion can be coated wth, not the organotin-free hydrolyzable
anti f oul i n§bSabrRPt §PPE%§§IF@EtCQﬁF|PEGIFﬁérh¢gp@¥¥resAf%@ﬁ the
conventional , antifouling Ealnts whi ¢ch are inexpensive, and econonjcally

advantageoﬁgl@ér CoaSﬁFng IFH@ pafFAtdeofhell or et Badividerl xsgkons;inyl
type and acr C e blon- dec nHosabIe antifoulin ai nts.
Lo g BV e SBEbcR bty Shiy P oRRERBes, RUSTratCHbY (oM JRFEEhn does
not need tQ oated i th ag anti f,oul i.ng pai nt. In the present

I nventi on, R op?Fd§°P8uF§| glgﬁePFlegbove t he boot topping) having been

subj ected to thﬁe&%’”@he LS akgg? yPnte dr&%iﬁ %%%RQSI top coat ,

because this region i'S expose e sun of rough seas and is

desi red tOJI%‘éﬁo‘@‘iﬁUﬁ-%b”ﬁyH%'l%éB‘i‘é antlfouﬂ‘ﬁgt BQ?.hPe tpe E&%ldé

preferably an urethane paint, an epoxy paint, an acrylic paint” or

chl ori hat eqogPelone! %ﬁntla@ RlookC Rbpplinat edpr uBREr £8AI Ak, iRagké cul arl y an
ur et hane paint. boot topping having been subjected to the primer

t r eat nent wwweg—méﬁtdbyre\aebaahtt&hgah@thbaaaké abkstpiBedl on

Non-tar tvpe epo resin heavy-duty coating composition

In the non-tar type epoxy resin heavy-duty coating
composition used for the painting method of the outside
shell of a ship's hull according to the invention, a
pigment component and a thermoplastic resin may be
optionally contained in addition to the bisphenol epoxy
resin and-the hardener for the epoxy resin. Further,
various additives which are added to the conventional paint
compositions, such as a plasticizer, extender pigment,
color pigment, rust proof pigment, solvent, hardening
‘accelerator, anti—Sagging agent and anti-settling agent,

:  may be contained.

In the preferred embodiment of the invention, a non-
tar type epoxy resin heavy-duty coating composition using a
bisphenol epoxy resin of liquid to solid having an epoxy
equivalent of 160.to 500 is preferably employed.

The bisphenol epoxy resin is preferably an aromatic
epoxy resin of bisphenol A type or bisphenol F type.
Details of the bisphenol epoxy resin are as described

hereinbefore.
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26 in seawater and exposure to the atnosphere and is under severe
environnental conditions, so that this region is desired to have
weat hering resi stance, water resistance, and occasionally, antifouling
properties. For this reason, the boot topping is coated with the
bel ow descri bed organotin-free hydrolyzable antifouling paint or boot
t oppi ng top coat. The boot to@@ ng top coat is preferably an urethane
pai nt, an epoxy paint an acrylic paint, a chlorinated polyolefin paint

(chlorinated ru {%.J'Qo %?e%QEl%rg. it a3 he SrRhkl AU h@ﬂe ai p.,
era 0X (0]

particularly pre 'y "an ran or anotln ree drolyzable

antifoul i ngepaigyd -3¢ reacﬂ§1dﬂﬂ% Q%eﬂ%?ﬁ%?oge%ﬁﬁ Qﬁtﬁégﬁeﬁhghé 9£s§n5h'p ?

hul I, the. follomnng nmet hods are ava ol e out si de

shel | conpagel Rir oo HaBerfr 0@ HOPR MhoARd ok M%d%ﬁ?é subj ected to
priner coating at a tine, preferably foll onwed by drying e resultant

priner fil raarkheas]lidendid tapei acid Eigretidems beat silapsilngypel) are
coated with an organotin-free hydrolyzable antiftouling paint. (2)

For each regimrbofatbictrasidivengllehled.i . @he paibtfihgmofatheobutepgeng or a
topside, or for each portion of each region, coating with the prinmer and

over coat i ngshvellh off e shrigarothiul-)f riee dfjimolooreiuot edntaitf oukdingrgai nt ( (i)
bottom or (ii) bottom and boot topping) are carried out, or coating with
the priner terpexaturs. ofTherefiayssi darefiqdablivhaisieshsirde hieadepezs or coating
of the boot topping with
capable of being hardened at ordinary temperature, and
particularly preferably used are hardeners of amine type.
Details of the amine type hardeners are as described
hereinbefore.

Of the amine type hardeners, particularly preferable
are polyamides, epoxy adducts of polyamide amines and
modified phenol amines.

The non-tar type epoxy resin heavy-duty coating
composition preferably contains an aluminum powder as the
pigment component. Details of the aluminum powder are as
described hereinbefore.

The non-tar type epoxy resin heavy-duty coating
composition preferably further contains a thermoplastic
resin. The amount of the thermoplastic resin contained in
the composition is preferabl? in the range of 5 to 90 parts
by weight based on 100 parts by weight of the total amount
of the epoxy resin and the hardener.

The thermoplastic resin acts as a relaxétion agent of
internal stress when the non-tar type epoxy resin heavy-
duty coating compoéition (epoxy paint) is hardened, and

thereby adhesive strength between a substrate or an



27 the boot topping top coat are carried out. After the prinmer coating of
t.he outside shell, the individual regions may be subjected to the

prescri bed overcoating one after another as soon as being dried.

Next, the non-tar type epoxy resin paint, the organotin-free hydrolyzable
antifouling paint, the topside top at and the boot topping top coat for
use in the above-nentioned paintin thod are descri bed. Non-tar type
epoxy resin heavy-duty coating composition In the non-tar type epoxy
resi n heavyigncanailnd of i leo ges idn @pasgediflar folrtedaiftbinnghaekpeshyof the
outside shell of a'ship's hull according to the invention, a pignent
conponent giiret tdeey repliaginavedsi n may be optionally contained in
addition to the bisphenol epoxy resin and the hardener for the epoxy
resin. Further, Thearthernepldistiie reagiirc i saselyddéd soduble eodvést i onal
pai nt conpositions, such as a plasticizer, extender pignment, color

pi gment , ruEtsgRlesd pingrerio vty aantdinededinn gheatop eratoer soatthatsaggi ng
agent and anti-settling agent, nay be contained. In the preferred
enbodi nent ‘Gre tFRSIh\GER | BpraveGihesiye sEyengibx e &dien epexyy fadmy

havi ng_an_ GSbe Gt A EGH 10 0 S5S FINBHEEISR SR, The
b1 oPeno] SO 50 Ihk S LELEE Y SR QR (1R el ab D gphenol A
descri bed painting interwval), and the resin contributes increase in
the kinds of top coats capable of being applied onto the
epoxy £ilm.

Details of the thermoplastic resin are as described
above with respect to the vinyl chloride copolymer (b). Of
various thermoplastic resins, a Vinyl chloride/alkyl vinyl
ether copolymer such as a vinyl chloride/isobutyl vinyl
ether copolymer is most preferable.

In the non—tér type epoxy resin heavy-duty coating
composition, various additives which are generally used for
the conventional paints, such as a plasticizer, extender
pigment, color pigment, rust proof pigment, solvent,
hardening accelerator, anti-sagging agent and anti-settling
agent, may be contained in addition to the above
components.

The non-tar epoxy resin heavy-duty coating composition
is generally used as a two-pack (two-part) type consisting
of (I) a composition comprising the epoxy resin component
and (II) a composition comprising the hardener component.
These parts are stored in separate containers, and in the

use thereof, they are mixed immediately before the primer



her ei nbef or e. 28 There is no
specific limtation on the hardener, as far as it reacts with the epoxy
resin to harden the resin, and various hardeners, such as those of am ne
type, carboxylic acid type, acid anhydride type and silanol type, can be
arbitrarily enployed. The painting of the outside shell of a ship's hul

is often conducted at ordinary tenp¥Pature. Therefore, preferably used are
har deners capabl e of being hardened at ordinary tenperature, and

parti cul ar |dod Bi@ AR dedtd Sk Aol UL S R Tdlnd W 2 ISl 5 Of the

am ne type hardeners are as described herelnbefore. am ne

type hardengfay Plidh Cad a | il %ﬁaa{olc_ﬁm aire el YedRdasy Rsvesgdduct s of
(6]

pol yam de am nes and nodified phen am nes. The non-tar type epoxy

resin heavy- dut ywit@fta ngar&e0 Hhdv oy sede mdd VE tadt s Ngs atbwldgr num
powder as the pignent conponent. Details of the alum num powder are as
descri bed hezattbeftdi ethe epoxy heommindémt dypinephy swestagdegyyg duty
coating conposition preferably further contains a thernoplastic resin.
The anount ahindecbldek npptdaner ofsket mimai oyoe) nis tuwsed o nptos indrortdrs
preferably in the range of 5 to 90 parts by weight based on 100 parts by
wei ght of tHEPe ctRPxumesin htaviedeiiyxgoatna eompboesiet ivn deaterbe a

one-pack type paint.

For preparing the non-tar type epoxy resin heavy-duty
coating composition, the epoxy resin component and the
hardenerwéomponent are preferably mixed (compounded) in an
equivalent ratio of 1 : 0.4 to 1 : 0.8.

Differently from the tar type epoxy resin paints, the
non-tar type epoxy resin heavy-duty coating composition
does almost not cause skin eruption or irritation of
workers in the painting process.

Organotin~free hydrolvzable antifouling paint

The organotin-free hydrolyzable antifouling paint is,
for example, an antifouling paint containing (i) a |
trialkylsilyl ester copolymer, or an antifouling paint
containing (ii) a vinyl resin in which an organic acid is
linked to at least one side chain terminal through a
metallic ester linkage.

The trialkylsilyl ester cppqumer (i) and the vinyl
resin (ii) preferably used in gﬁe'invention are described
below in detail.

(i) Trialkylsilyl ester copolymer
The trialkylsilyl ester copolymer ?ontains constituent

units derived from a trialkylsilyl esté%fbf a polymerizable

T
Hecd



The-thernopl astic resin acts as a relaxation agent of internal stress when
the non-tar type epoxy resin heavy- duty coating conposition (epoxy paint)
is hardened, and thereby adhesive strength between a substrate or an

29 undercoating filmand an epoxy filmfornmed fromthe epoxy paint can be
i nproved. The thernoplastic,resin is solvent-soluble and is

di ssolved in a sol vent contai ned 3 the top coat, so that the resin can

i nprove adhesive strength of the epoxy film to the top coat filmor can
ease restnbatupasedncahboxpaiot aoydi bhesnaingd she2EpaxyePa Ky (i.e., can
extend the painting interval), and the resin contributes increase in the
ki nds of wedghtoand bapasl runbebeavgrage! hebeoul ar twieiglapopyn )f idm

Details of the thernoplastic resin are as described above with respect to
t he vinylk.@RPoEPIR0cBBBL yner (b). O various thernoplastic resins, a vinyl
chloride/al kyl vinyl _ether_ copolyner such as a vinyl chloride/isobutyl
vinyl ether EBBoFyidikyisib¥l eskexris| vepresented hhe fion-tar type epoxy
resin heavy-duty coatin% conposition, various additives which are
generall?xé@Bgefthetﬁ@ toniRat forEYdalht s, such as a plasticizer,

extender pignent, color pignment, rust proof pignment, solvent, hardening
accel erator, anti-sagging agent and anti-settling agent, may be contai ned
in addition to the above '

- ' CHz =

(1)

In.the formula (I), R! is a hydrogen atom or an alkyl
group such as methyl; R?, R?® and R? are each an alkyl group
of about 1 to 18 carbon atoms, such as methyl, ethyl,
propyl or butyl; and R?, R3 and R%? may be the same as or
different from each other.

Examples of the trialkylsilyl esters include;

trialkylsilyl esters of the above formula wherein R2,
R3 and R% are the same as each other, such as
trimethylsilyl (meth)acrylate, triethylsilyl

, (meth)acrylate, triisopropylsilyl (meth)acrylate and
tributylsilyl (meth)acrylate; and

trialkylsilyl esters of the above formula wherein a
part of or all of R2, R3 and R4 are different from each

other,-such as dimethylpropylsilyl (meth)acrylate,



conponents. _ The non-tar epoxy resin heavy-duty coating conposition
IS generally used as a two-pack (two-part) type consisting of (1) a
conposition conprising the epoxy resin conponent and (Il) a conposition
conprising the hardener conponent. These parts are stored in separate
containers, and in the wuse thereof, they are m xed imedi ately before the
primer 33 30 coating process or they are
m xed by neans of a mixing spray such as a twin spray gun in the coating

brocess. _amoulbedzaubaniepehobayksy BEER SOU Mhpdietads, ileddranizact

wi th the epoxy conponent during the storage (e.g., amne bl ock ener of
ketimne typgt 1&8sY4SEHan! H6 90Byt@éightPe epoxy resin heavy-duty coating
conposition nay be a one-pack type paint. For preparing the non-tar

type epoxy resinrheauy- dupylyRes} | tHe COSROE] thdit bt € Pyl vedifraronmponent
and the hardener conponent are preferably m xed (conpounded) in an .
equi val ent thti pobimérizlblet andatubabed compolhd fSlictdy driom the tar type
epoxy resin paints, the non-tar type epoxy resin heavy-duty coating
conposi ti on (mgbb}aakybit aoidcalkgls&sherrapdi tine occonstitwenourdfts wor ker s
in the painting process. Organotin-free hydrol yzabl e antifouling
pai nt demavedginom hher sviaykydsykubl esteridvel bordediwsuakly dtor
exanpl e, an antifouling paint containing (i% a trialkylsilyl ester

copol yner, 5pngﬁmapyim@gppn@fpgﬂﬁgvage of ethylene bond of each

monomer used as the starting material.

In this film-forming copolymer, the constituent ﬁnits
(trialkylsilyl ester constituent units) derived from one or
more of the triakylsilyl esters of polymerizable
unsaturated carboxylic acids may be contained as described
above, and the trialkylsilyvl ester constituent units are
desirably contained in the total amounts of 20 to 65 % by
weight, preferably 30 to 55 % by weight. When the
constituent units are contained in the above amoﬁnts, an
antifouling film having excellent loné—term antifouling
properties can be formed from.the antifouling paint
composition containing this copolymer.

The copolymer desirably has a number-average molecular
weight (Mn), as measured by GPC, of 1,000 to 50,000,
preferably 2,000 to 20,000, more preferably 2,500 to
15,000, particularly preferably 3,000 to 12,000, and has a
weight-average molecular weight (Mw) of usually 1,000 to
150,000, preferably 2/000 to 60,000, more preferably 3,000
to 30,000. The copolymer desirably has a molecular weight
distribution (Mw/Mn) of usually 1.0 to 4.0, preferably 1.0

to 3.0, particularly preferably 1.0 to 2.5. Further, the
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'cbntaining (it) a vinyl resin in which an organic acid is linked to at

| east one side chain termnal through a netallic ester |inkage. The
trial kylsilyl ester copolyner (i) and the vinyl resin (ii) preferably used
in the invention are described belowin detail. (1)

Trial kylsilyl ester copol yner 35 The trialkylsilyl ester copol yner
contains constituent units deriveg'fron1a trialkylsilyl ester of a

pol ymeri zabl e ) ] ... .31 unsaturated carboxylic
acid i n anountXegples of sheyvipylaEiesin 4ad)hasciudenbvényiveeayesnol ecul ar
wei ght ( of, , Q00 to 50, 000. The trialkylsilyl ester is

r epr esenfEF B O oD IRRAPESE FRESRS) FSMNGPPEr RibPaichfion No.  [err]

Suth as TRCHPVASREARA Japerier s FacRiS: PEOLLCo600R Bh-al RIPI3(BUBY - of about

1to 18 Carbo%sa%%g%ki%%%Pi%FJg%%ggsé %%Q%Bt Laid-Open Publication
No. 73536/1996, the vinyl resin (ii) can be prepared by
copolymerizing a (meth)acrylic acid ester wherein the
alcohol residue of its éster is a branched alkyl group of 4
or more carbon atoms having at least one side chain on the
second to the fourth carbon atom from the main chain
terminal or a cycloalkyl group of 6 or more carbon atoms
with a polymerizable unsaturated organic acid monomer and a
neutral polymerizable unsaturated monomer to synthesize a
base resin; and then causing the acid group (e.g., —-COOH,
-SO03H) of the base resin to react with a metallic compound
(e.g.., metallic oxide, metallic hydroxide, metallic
chloride, metallic sulfide) and a monobasic organic acid
(e.g., acetic acid, naphthenic acid) at the same time, or
causing the base resin to react with a metallic salt of the
monobasic organic acid.

Examples of the (meth)acrylic acid esters include t-
butyl (meth)acrylate and cyclohexyl (meth)acrylate.
Examples of the polymerizable organic acid monomers include
(meth)acrylic acid, maleic acid and p-styrenesulfonic acid.
Examples of the neutral polymerizable unsaturated monomers
include ethylene, methyl (meth)acrylate and ethyl
(meth)acrylate. Examples of metals for forming the
metallic compounds include di- or higher-valent metals such

as Cu, Zn, Mn, Ca, Fe, Al, Te and Ba.



propyt or butyl; and R2, R3 and R4 may be the sanme as or different from
each ot her. Exanpl es of the trialkylsilyl esters include;

trial kylsilyl esters of the above fornmula wherein R2, R3 and R4 are the
sanme as each other, such as trinethylsilyl (meth)acrylate, triethylsilyl
(meth)acrylate, triisopropylsilyl ggth)acrylate and tributylsilyl
(meth)acryl ate; and trial kyls esters of the above fornula wherein
a part of or all of R2, R3 and R4 are different fromeach other, such as
di et hyl propyl silyl (neth)acrylgbh ide top coat 33
anount of usually not |ess than 30 % by weight, preferably not I|ess than

50 % by wei ght . ExamplesNof heh& 0pOpYI@E , téhecsDNStiddBMe WH 1 S(Aghiased from
t he pol yneri zabl e unsaturated conpound such as an (neth)acrylic aC|d al kyl

ester and phAtneonshthakit aoidsresnipeintf orhldeiddtad lpdsidndfiester are
bonded usually at random by neans of cl eavage of ethylene bond of each
nononmer uspdias thkletanadted rnabkerabaint), vimyl hpsidt) radmwrinioang
copolymer, the constituent units (trialkylsilyl ester constituent units)
derived frpfiohe epoxyopeint,threthaneybainyl eilicenefalord maimabl e
unsaturated carboxylic acids may be contained as described above, and the
trial kyl si Pgryéiceridononet pehntuandsfiverinesresin yoabmtai ned in the total

amounts of 20 to 65 % by weight, preferably 30 to 55 % by wei ght. Wen the
Of these, the urethane paint, epoxy paint, acrylic

paint or the chlorinated polyolefin paint (chlorinated
rubber paint) is preferably used as the topside top coat,
in consideration of weathering resistance, adhesive
strength and economical advantage.

Particular examples of the topside top coats include
those available from Chugoku Marine Paints Ltd. under the
trade names of Uny Marine (isocyanate crosslinked two-pack
type urethane resin top coat), Epicon Marine Top Coat and
Epicon Mafine HB (modified polyamide crosslinked two-pack
type epoxy resin top coat), Ravax Top Coat (chlorinated
polyolefinltop coat), and Acri 700 Top Coat (acrylic resin
top coat).

oot topping top coat

As the boot topping top coat, organotin-free
antifouling paints as weil as the above-mentioned various
topside top coats are employable.

Under such severe environmental conditions that dry-
wet alternate attacks of immersion in seawater and exposure
to the atmosphere are repeated by ups and downs of a ship
as in the outside shell of a ship's hull, water resistance,

weathering resistance, anticorrosive properties and



constituent units are contained in the above anounts, an antifouling film
havi ng excellent long-termantifouling properties can be fornmed fromthe
antifouling paint conposition containing this copolyner. The

copol ynmer desirably has a nunber-average nol ecul ar weight (W), as
nmeasured by GPC, of 1,000 to 50,000, preferably 2,000 to 20,000, nore
preferably 2,500 to 15,000, part3Zularly preferably 3,000 to 12,000, and
has a weight-average nol ecul ar weight (My) of usually 1,000 to 150, 000,

pref er abidea?sﬂﬂ-%lt]]%/ %@%ul{%{ﬁe ﬁﬁsﬁ‘?%sya}eo sieg30, 000. The copol yner

desirably has a nolecul ar we _ ution ‘of usually 1.0 to
4.0, prefiiraliorel. Gf tthe-dboRAdd T AT | hP niftiiley phitidt,0 eﬁmgky Further,
t he 35 Exanpl'es of the Vinyl resin

(i) i ngdasde VideeyTiasigsintde el diethd ved Fuanasie fRat ¢aideai d- Open
Publ i cation No. 73536/1996 and Japanese Patent Publication No.

108927/ 1898l orinated\sculsiser igaeicht )N oA pdie serdf2aiciin lfdgd Qopen Publ i cation
No. 73536/1996, the vinyl resin (ii) can be prepared by copolynerizing a
(et h) acantt i fowkciny qsd it wherptefdirablyalwsdblags eatidd oo ddppiesfer is a
branched al kyl group of 4 or nore carbon atons having at |east one side
chai n ortetecoatecond to the fourth carbon atomfromthe main chain

termnal or a cycloal kyl group of 6 or nore carbon atons wth a

pol yreri zabl Pt wk3X ceKkaym o facthe eererorpicha torewtaadis pol yneri zabl e

unsat ur at ed. npnoner to synthesize a .
include those availlable from Chugoku Marine Paints Ltd.

under the trade names of Uny Marine (isocyanate crosslinked
two-pack type urethane resin top coat), Epicon Marine Top
Coat and Epicon Marine HB (modified polyamide crosslinked

“two-pack type epoxy resin top coat), Ravax Top Coat
(chlorinated polyolefin top coat), and Acri 700 Top Coat
(acrylic resin top coat).

The top coats for use in the invention may contain
various components which are added to conventional outside
shell paints, such as an antifouling agent, plasticizer,

.hydrolysis adjusting agent, pigment, solvent, viscosity
modifier and other additives.
o In the present invention, the non-tar type eﬁoxy resin
“paint composition (heavy-duty céating composition) or the
top coats are applied to the surface of the outside shell
of ship's hull by the conventional coating methods using,
for example, airless spray, air spray, brush or roller, and
hardened to form paint films (hardened £ilm). Prior to the
primer treatment, substances attached to the outside shell
surface, such as a rust, fat, oil, water, dust, slime and

salt, may be removed to clean the surface. The paints may




base vesin; and then causing the acid group (e.g., -COCH -SG8H) of the
.Jbase resin to react wwth a netallic conpound (e.g., netallic oxide,
metallic hydroxide, netallic chloride, netallic sulfide) and a nonobasic
organic acid (e.g., acetic acid, naphthenic acid) at the sanme tine, or
causing the base resin to react with a netallic salt of the nonobasic
organi ¢ aci d. Exanpl es of th§8( neth)acrylic acid esters include t-
butyl (neth)acrylate and cycl ohexyl (meth)acrylate. Exanples of the

pol yner i zHd Qidnddd withi EniRReFer Sri RelUdeke( Bt BbagiM! bpopetd, naleic
acid and p-styrenesulfonic acid. Exanples of the neutral polynerizable
unsat ur at esbrigEmItIonsncl udé et hyl ene, nethyl (nmeth)acrylate and et hyl
(meth)acrylate. Exanples of nmetals for formng the netallic conpounds

i ncl ude di - or Theglwatialcenieig@ital (amoueit) af Che painbb, v&aieke, A, Te and
Ba. 36 Topsi de top
coat adecamdilngs taf tihee typesicde thep shogt £oi bel odatedl thekydpe péint,
phthalic acid resin paint, chlorinated polyolefin paint (chlorinated
rubber paithe ougngdatisionmaindr.ylthe qembinatdeoxpfppeantsur etfaneapdi nt,
silicone alkyd paint, acrylic silicone paint and fluorine resin paint.

O these, 3aRNQ Qalieqrimimatdngly gaterminedy| | HowsypRe Shet Ren-
chlorinatedzaolyolefin pai nt, (¢chlorinated ruhber paint) is preferably used
as the tof@ddRD RAY, TSH T AREFENGYo FOFC 1RGaCREPPRG LG st ance,

adhesi ve (primer) is applied, for example, in an amount of 100 to

500 g/m? and in a coating thickness of about 50 to 500 um
to give a dry film thickness of about 30 to 300 pm.

The organotin-free hydrolyzable antifouling paint ié
applied to the primer film on the bottom and boot topping
of the ship outside shell, for example, in an amount of 200
to 800 g/m? and in a coating thickness of about 50 to 500
Um to give a dry film thickness of about 30 to 300 um.

The urethane paint is applied to the primer film on
the topside of the ship outside shell, for example, in an
amount of 50 to 300 g/m?2 and in a coating thickness of
about 40 to 300 um to give a dry film thickness of about 30
to 150 pm.

In the air spray cdating, coating conditions of a
primary (air) pressure of about 4 to 8 kgf/cm?, a secondary
(paint) pressure of about 100 to 180 kgf/cm? and a gun
moving rate of about 50 to 120 cm/sec are adopted.

The number of painting times of each paint is not
specifically limited and can be optionally determined

according to the concentration of the paint, the desired



strength and econom cal advant age. Particul ar exanpl es of the topside
top coats include those avail able from Chugoku Marine Paints Ltd. under
the. trade nanmes of Uny Marine (isocyanate crosslinked two-pack type
urethane resin top coat), Epicon Marine Top Coat and Epicon Marine HB
(rmodi fied pol yam de crosslinked two- @Ck type epoxy resin top coat), Ravax
Top Coat (chlorinated polyolefin tog coat), and Acri 700 Top Coat (acrylic

resin top coat). Boot topping top coat As the
boot toppi nfilmptboeknessgarotin- Eaeh paihtfoahi Bg apbhisdasn¥el bras the
above-nentioned various topside top coats are enpl oyabl e. Under such

severe envi Pduraht timesndi tions that dry- wet alternate attacks of

i mrersion in seawater and exposure to the atnosphere are repeated by ups
and downs of a sBhg shippn hhdlsubsvilngshélinsobfatbhi pbevauthickaseses

resi stance, . weat hering resistance, anticorrosive properties and

37 occasi ofQFMedaRY| ABRLYARIpEBBeAbPYE RAdNHesanddhardeeirgotkemoare he
above paintg, the urethane paint, epoxy_  paint, acrylic paint, chlorinated
pol yol efin EQFana@EﬁPorWﬁ&?édshéﬁﬁérhﬁéiﬁt?uéh ffctankanst i natgee

antifouling,paint is preferably used. as.the boot topping top_coat.
Particul ar g&?&ﬁregasgePﬁgrb58¥t?ongﬁélPSprBEFs lighters and

floating docks.

If the non-tar type epoxy resin heavy-duty coating
composition having excellent overcoatability is used as a
primer for not only the outside shell but also other parts,
such as an exposed deck, a super structure (housing), a
hold and a ballast tank, the number of kinds of paints used
for the whole ship's hull can be remarkably decreased.

If not only the outside shell but also the exposed
deck, super structure (housing), hold and ballast tank are
coated with the same undercoating pfimer and then coated
with the same overcoating primer, effects of the present

invention can be further expected.

EFFECT OF THE T ION

By the non-tar type epoxy resin paint composition
according to the invention, an outside shell or other parts
of a ship's hull can be imparted with various functions,
e.g., anticorrosive properties, weathering resistance,
Qater resistance and antifouling properties, which are
equal to or higher than those of the conventional tar type
epoxy resin heavy-duty coating compositions. Differently

from the tar type epoxy resin heavy-duty coating



I ncl ude those avail abl e from Chugoku Marine Paints Ltd. wunder the trade
nhanes of Uny Marine (isocyanate crosslinked two-pack type urethane resin
top coat), Epicon Marine Top Coat and Epicon Marine HB (nodified pol yam de
crosslinked two-pack type epoxy resin top coat), Ravax Top Coat
(chlorinated polyolefin top coat), d Acri 700 Top Coat (acrylic resin
top coat). The top coats for e in the invention may contain

vari ous conponents which are added to conventional outside shell paints,

such as arcémbds Dt o, agedipa it ddnddEitioh s s iinvadicisn d@deagent ,

pi gment, solvent, Viscosity nodifier and other additives. In the
present i nvetitdcanse tiked neppéarangp e doweriagt rof paitvitfoudripasi ti on
(heavy-duty coating conposition) or the top coats are applied to the
surface ofprdpenuiss def stiet | topfcaat pfslmdbécasd lef gondreeidima. coat i ng
met hods using, for exanple, airless spray, air-spray, brush or roller, and
har dened tBhévefopai reréteatigmaotideundarigs batwgen dheneli ffienemt
treatnent, substances attached to the outside shell surface, such as a
rust, fat,Paint yegbensdigtunnecessad- salt, may be renopved to clean the
surface The pai nts may 38 be diluted

with thinners OFu;FFllée:Fi kehe ofb)df‘aftﬁei‘)%rfé‘ﬂty GRS &ilgHs formed byhe

coating wei t) of the paints varies accordln to the type of the
Ship to beeBblytat the noncter OTRE SReR%oite il HarTh ChmROiRIS A i on of

paints, et?hé angduty coating composition) has excellent adhesive

strength to paint films of various top coats (e.g.,
organotin-free hydrolyzable antifouling paints, top coats
of chlorinated rubber type, urethane type and epoxy type),
and is free from deterioration of appearance and lowering
of the antifouling properties because of no bleeding,
unlike the tar type paints. Therefore, the heavy-duty
coating composition can be used for both the submerged
region and the exposed region of the outside shell of a
ship's hull, that is, conventional primers for various ship
parts such as an outside shell and exposed deck can be
replaced with one kind of this heavy-duty coating
composition to thereby accomplish rationalization and
conservation of labor in the painting process.

If top coats such as organotin-free hydrolyzable
antifouling paints are further applied to a film of the
non-tar type epoxy resin paint composition, various top -
coats are employable at intervals of long periods of time.
Moreover, the film of the paint composition of the
invention has excellent adhesive strength to the films of

various top coats. Therefore, application of a binder coat



cannot be discrimnatingly determ ned. However, the non- tar type epoxy
-resin heavy-duty coating conposition (priner) is applied, for exanple, in
anmn amount of 100 to 500 g/n2 and in a coating thickness of about 50 to 500
[err]m to give a dry filmthickness of about 30 to 300 [err]m The
organotin-free hydrolyzable antifouling paint is applied to the priner
filmon the bottom and boot toppiﬁg of the ship outside shell, for

exanple, in an anount of 200 to 800 g/n2 and in a coating thickness of

about 50 t{DnE&bmedPdtéd nederyibvefsrdlrapplidativckiess p abat 30 to 300 pm
The urethane paint'is applied to the prinmer filmon the topside of the

shi p out sbdissitelé, Wieredpnpheiondl fratbowusnt the Ship-ht@/mP caand in a
coating thickness of about 40 to 300 pmto give a dry filmthickness of
about 30 the d4Biptleuilding procéss tdmd aredsprbyn cofit i, caxtat iffog condi ti ons
of a primary (air) pressure of about 4 to 8 kgf/cnferr], a secondary

(pai nt) ppaisurstofagdocan 1106 accaRoliksiiedn? and a gun noving rate of
about 50 to 120 cmisec are_adopt ed. The nunber of painting tinmes of
each paint is Rbffespablyi Enpmythe neorvenpionah HRY PO RIINY dEsdmi ned
according to the.concentration of the paint, the desired _

39 fil mPRiBkAesthechen-EAENCYRE NEPERN FRSIP PRV FRIEPFLItIAUral ti mes.

The shi ps' hulli having fiLnB of the above,thjcknesses .
scarcely causés skin eruption or irritation of workers in

the painting process and is advantageous in the hygienic
qualities for the painting workers and the environmental
protection.

In the painting method of the outside shell of a
ship's hull according to the invention, paint films of
excellent antifouling properties can be formed using few
kinds of paints including a non-tar type epoxy resin heavy-
duty coating composition and an organotin-free hydrolyzable
antifouling paint. Therefore, the method can accomplish
shortening of the painting time and reduction of the costs
for paint storage and is advantageous in the hygienic
qualities for painting workers and the environmental
protection. The ship's hull painted by the method,
particularly the outside shell of a ship's hull, has

excellent antifouling properties.

PLE
The present invention is further described with
reference to the following examples, but it should be
construed that the invention is in no way limited to those

exanples.



formed by applying the above paints and hardening themare, for exanple,
.retal ships' hulls such as tankers, cargo boats, passenger boats, fishing
boats, lighters and floating docks. I f the non-tar type epoxy resin
heavy-duty coating conposition having excellent overcoatability is used as
a prinmer for not only the outside ell but also other parts, such as an
exposed deck, a super structure (housing), a hold and a ballast tank, the
number of kinds of paints used for the whole ship's hull can be renarkably
decr eased. In |Fhe,doldewinghexgopdiege Shel Fibut thisknegs éipbsed deck,
super structure (housing), hald and ball ast tank are coated with the sane
under coat iR iarréquarfdglt“héﬁﬁucc@fé‘@éﬁ upilesst A& ignedeBoEFedafray phRener,
effects of the present .invention capn be further ?x ected.

EFFECT OF SR Y INEFRG Lnventign  nThe  Ferly "PoRE (8paxPorasi HoAF kp)
conpositiqn. .accqrding to the invention, an outside shell or other parts

of a ship' MF49%n be I nparted with various functions, e.g.,

ot o051 Ve PEONGY |y AL AN o8hal Aot B! Shcheshabans,ond

antifouling properties, are equal to or _ No!

b1 orent 15 FRRAIRE P Ralr R Y et Y uhi85s 9 AEIRESS! hePEa.

40 conpospididitat 1die PRidEn GAMASIHd bty Re ihNKeRL,0RuE9eEcating
composition

A main agent (composition containing an epoxy resin)
and a hardener (composition containing a hardener
component) of each non-tar type epoxy resin heavy-duty
coating composition having the compounding ratio shown in
Table 1 were prepared.

In the preparation of each non-tar type epoxy resin
heavy-duty coating composition having the compounding ratio
shown in Table 1, the main agent was prepared by
sufficiently dispersing the components with a paint shaker
using glass beads, and the hardener was prepared by
uniformly mixing the components with a high—speed
disperser.

Painting of the non-tar type epoxy resin heavy-duty
coating composition is carried out immediately after the
main agent and the hardener were mixed in the mixing ratio

(by weight) shown in Table 1.



e
e

not .cause bad appearance or Ioweri ng of antifouling properties of the top
. coat filmbecause of no bl eeding. - Therefore, protection of boundaries
between the different paint regions is unnecessary. Further, the
film (heavy-duty coating filnm) formed by applying the non-tar type epoxy
resin paint conposition (heavy-dug‘%{ coating conposition) has excellent
adhesive strength to paint filnms &% various top coats (e.qg.,
organotin-free hydrolyzable antifouling paints, top coats of chlorinated
rubber type, urethane type and epoxyakled)  and is free fromdeterioration
of appearance and Ioweri ng of the antifouling properties because of no
bl eedi ng, uptkethe—tar—typeparnts—Therefore—the—heavy—dutyy—eoati ng
conposi tion ¢an Hsavus@dtyf or | hoth the subner gexdmplesyi on and the exposkd
region of the out§?atfénghell of-1d i A Sl IgT_tﬂauT_uﬁ ,mcgjn&ngi@,@@,
pri nmers for 'ﬁ; a‘nr]J -"’TtJD‘ o&urr S é.?‘l t-st+ge-sheld—and—expos deck
can be replac gb"f:)é&gﬁﬁ 4ane k nd qfyst hi g jReavy|-duty coatiing |conpgsition to
t her eby accofpkpstreagioaak| zatijon and conslejvat|izgns a3l @lhey i nog he
pai nti ng pro¢eBsikote 1001-70top dqodts gusdh as| orggnotin-freg hydifol yzabl e
antifouling pafpxaflaxe®dbthet dpglied o a [fid mjof the3 ngnétal 6yp¢ epoxy
resin paint ¢o s on, va 58’“5 op ts Sﬁ en;@l oya | e in% rval s of
e

| ong peri ods {0, |§$§utlg¥pre bver, “’he fi1m of pai nt| "Conmpdsi ti off the
i nventi on hag gx&ajrbarmx@éhesjzve strength tof the ifisl ng af |[vari oug top
coats. Ther eflohtpasppl®hadsi on7 of| & b| nder co 7 7 10 10
Disparon 6600 1.5 1. 1.5 1.5 1.5 1.5 1.5 1.5
Xylene 14.5114. 5 14.5 14.5 9.5112.5 (11 11
MIBK 2 2 2 2 2 2 2 2
Methoxypropanol | 2 2 2 2 2 2 2 2
l-butanol 2 2 2 2
Hardener
Luckamide TD966|15 |15 15 15 12 20 25 -
TAP 0.3] 0.3 0.3 0.3 0.3 0.61 0.6 0.2
Adeca Hardener 8
EH350 .
Mixing ratio in ) ) . ) ) . . .
coating process 85: |85: 73: 85: |91.5:[91.5:{91.5:|91.5:
Main agent:
hardener 15.3(15.3 8.3 |15.3(12.3|20.6|25.6| 8.2
{(by weight)




o

41 - (internedi ate coat) before application of a top coat
wher eby rationalization of the ship-painting or
.and reduction of the costs for
Differently fromthe conventional

type epoxy resin paint conposition

irritat
hygi eni

ion of workers in

is

paints, t

om ssi bl e,

t he shi p-buil di ng process
pai nt storage can be acconpli shed.

tar type epoxy resin

he non-tar

scarcely causes skin eruption or
t he pai44i ng process and i s advantageous in the
c qualities for the painting workers and the environnent al

protection. In the paigéﬁfg {retdhg (Hué e outside shell of a ship's
hul I according to the inventTTﬁt—Tnﬂ$éL4#%Tﬁré% excel l ent antifouling

properties can be formed using few kinds of paints including a non-tar

type eppxy Tesinmheavy-—Tduty Toatingconposi{ion—and—an—orgatothn-free
hydr ol yzabl Beauptdfibyl i ng Gemperatiher ebeample heReféehenkce aexaaebepl | sh
shorten| ng ofcddtempai nting tijyeg andjred géion of the CRSLS for paint
st or age| andcompaaivaidrageous_ih the hygienfc gualities for paintijng workers
and t he|Maynrageettal protection. [fThe ship' sjhull painted by the nethod,
parti cul aEpykohe 828si de|shell of ajship's hull, has excellent antifouling
propert| eBpikote 834-85x 23 .59EXAMPLE SThe present
i nvent i pnEpskotet heP1d@8¢ri beddwith| reference to the figl | owi ng exanpl es,
but it shbarefbex ¥Bn2bryed that the inventiop is in no way limitled to
those exaaBl es. 3
Talc NKK 28 35 35
Tar solution 22
Red iron oxide 5 5 7
Alpaste 1900xs 7
Disparon 6600 1.5 1.5 1.5
Xylene 13.5 14 17
MIBK 4 2 8
Methoxypropanol 2
l-butanol 2
Hardener
Luckamide TD966 7 12 10
TAP 0.3 0.3 0.2
Adeca Hardener
EH350
Mixing ratio in ) . .
coating process . 83: 95: 90.5:
Main agent:
hardener 7.3 12.3 10.2
(by weight)

The starting materials shown in Table 1 are as
follows.
(1) Epikote 828 (trade name)

available from Shell Chemical Co., bisphenol A type,
liquid epoxy resin (epoxy equivalent: 180 - 190)
(2) Epikote 834-85x (trade name)

available from Shell Chemical Co., bisphenol A type,
semi-solid epoxy resin (epoxy equivalent: 290 - 310,

solvent: xylene, non-volatile content (NV): 85 %)

(2) Epikote 1001-70 (trade name)



‘¢

42 . In the follow ng exanples, the filmthickness ([err]nm) neans a
dry filmthickness unless it is departed fromthe spirit of the invention.
The term"part(s)"” nmeans "part(s) by weight". In the foll ow ng

tabl es, the anmobunt of each conponent s expressed by "part(s) by weight”
unl ess otherwi se noted. Preparation_of non-tar type epoxy resin heavy-duty
coating conposition A main affént (conposition containing an epoxy
resin) and a hardener (conposition containing a hardener conponent) of

each non-tar tyggaepaYe' €8bA Bﬁéﬂ éﬂémcﬂaébng 59%9@31&10&' &ng the
conpounding ratio shown in Table 1 were prepared preparation

of each D0§ol§6.éﬁ@ﬁﬁ99@§2nr%égaxyh8§M¥vQMéMtC0960ng G@@PQ@éiééﬂthaV'ng the
conmpounding ratio own in T the main agent was prepared by

suf fi ci ent ky1dhepeosibgeyMEBRONNURENDSsW th a pai nt shaker using gl ass
beads, and the hardener was prepared by wuniformy m xing the conponents
with a hight4spbadofiiexpEPs2b. (trade Rame)ing of the non-tar type epoxy
resin heavy-duty coating conposition is carried out i mediately after the
mai n agent and alNeihabdenéromeBaSHi £Led,i mitke ohXongdeavioyl (byowetght)
shown in Table 1.
ether copolymer (Mw: 28,000 - 30,000)
(5) TCP
available from Mitsubishi Gas Kagaku K.K., tricresyl
phosphate
(6) Talc NKK (trade name)
available from Fuji Talc K.K.
(7) Tar solution
available from BO Chemical Co., bojuntan varnish
(solvent: xylene, NV: 70 %)
(8) Disparon 6600 (trade name)
available from Kusumoto Kasei K.K., thixotropic agent
of powdered polyamide type
(9) Red ion oxide
trade name: Bengara Tsubame, available from Nippon
Bengara Kogyo K.K.
(10) Alpaste 1900xS (trade name)
available from Toyo Aluminum K.K., non-leafing type
aluminum (NV: 75 %, solvent: xylehe/terpene)
(11) Luckamide TD-966 (trade name)
available from Dainippon Ink & Chemicals Inc.,
polyamide (amine value: 150 - 190, NV: 60 %, solvent:
xylene/l-butanol)

(12) Adeca Hardener EH350 {(trade name)



43 . Table 1 Heavy- duty

Exanpl es coati ng or-1 Or- or-3 conposti on

2(A) 2(B) Or-3 Or-4 or-s5 aor-6 Or-7 Main agent Epi kote 828

15 15 Epi kote 834-85x 20 20 23.5 23.5 29 29
Epi kote 1001-70 8 8 Laygélex MP-25 3 3 3 5

6 3 6 6 TCP 3 3 3 3 3 3

3 3 Tal ¢ NKK 30 27 27 25 30 30 20 20 Tar
solution Red iroavakiatele from Asahi Denka Koagy? K.K.,Smodified 3 )
Al paste 1900xs 7 7 7 10 7 7 10 10 Di sparon
6600 1.polyamine {abine dahue: B3I - B&, Nv5 100185 Xyl ene

14.5 14.5 14.5 14.5 9.5 12.5 11 11 M BK 2 2

2 2 (1®) TAP2(trad@ namel Met hoxypropanol 2 2 2 2

2 2 2 2 1-butanol 2 2

2 2 Har deneravaitkalpd eef mp@aavidku Aguezo K.K5 tertlifry atdne 20 25
- TAP 0.3 0.3 0.3 0.3 0.3 0.6 0.6 0.2 Adeca
Har dener  (amine vafugr5(620) 8
Mxing ratio in 85: 85: 73: 85: 91.5: 91.5: 91.5: 91.5: Mai n
agent:g haﬁi@he\ﬂm{ (methyl jigeputyl kewonehs 3 12.3 20.6 25.6 8.2
(by wei ght) ' 44

Tabl.e 1 (Continued) Heavy- duty Conpar ati ve exanpl e Reference

exanpl e ﬁPQ%%gQJE’Eg;% 88@%%%%% r%gce test I5¢ top %%2 E-2 Main
agent Epi kote pI KO - 5 5
One surface of a steel plate (70 x 150 X 2.3 mm)

having been subjected to sandblasting was coated with a
non-tar type epoxy resin heavy-duty coating composition
(primer) for testing by an air spray in such an amount that
the dry film thickness would be 200 um, followed by drying
at- 20 °C for 24 hours. Then, the surface of the resulting
paint film was coated with a polyolefin chloride type white
top coat (trade name: Ravax Top Coat White, available from
Chugoku Marine Paints Ltd.) by an air spray in such an
amount that the dry film thickness would be 50 um, followed
by drying at 20 °C for 24 hours, to obtain a test plate.
The test'plate was mounted on an outdoor exposure stand (in
accordance with JIS K5400 9. 9) placed in Ohtake Research
Center of Chugoku Marine Paints Ltd. (Ohtake-shi, Hiroshima
Prefecture) so that the surface of the paint f£ilm was
exposed outside, to perform an outdoor exposure test for 30
days. Thereafter, degree of discoloration of the top coat
film was evaluated by visual observation.

" The results are set forth in Table 2.



Epi kote 1001-70 19 17 Larofl ex MP-25 TCP

» 3 Tal ¢ NKK 28 35 35 Tar solution 22

Red iron oxide 5 5 7 Al paste 1900xs
7 Di sparon 6600 1.5 - 1.5 1.5 Xyl ene
13.5 14 17 M BK 4 2
8 Met hoxypr opanol $71-but anol 2
Har dener Luckam de TD966 7 12 10 TAP
0.3 0.3 0. 2 Adecaablps dener EH350 M xing ratio
I n - 93: 95: 90.5: coating process Mai n agent:
har dener . 7.3 12.3 10. 2 (by wei ght)
The star}i Rgatt@ut@l Gosbomg [ n Table 1 are as follows. (1) Epi kote 828
(trade npne) composdtdidmbl e {DaBcShekhtEbaMmbEatofocoabi sph@noll A type,
| i qui d epoxy resprimeppxy equivalent: 180 - 190) (2) Epi kote 8$34-85x
(trade npane) avai l able from Shell Chem cal Co., bisphenolj A type,
sem -sol | d epoxy O®siin (epoxy|equival ent no290bsed¥8d sol vent: [xyl ene,
non-vol atile content (NV): 85{% (3) Epikote 1001-70 (trade namne)
45 avai | abfre2f kam Shel | [ Chem cal Cowot bibspherdl A type, |solid epoxy
resin (epoxy equivalent: 660 { 690, solvent: xylene/toluene/M{BK, NV: 70
% oT-2 (B) not observed

oT-3 not observed

OoT-4 not observed

oT-5 not observed

OT-6 not observed

oT-7 not observed

H~-1 seriously browned

— H-2 not observed
E-2 not observed

As is clear from the above results, the heavy-duty
coating compositions OT-1 to OT-7 provides excellent
discoloration resistance of the top coat films, so that
appearance of the top coat films on the topside and the

boot topping is not deteriorated.

Anticorrosive test
A steel plate (70 X 150 X 2.3 mm) having been
subjected to sandblasting was coated with the test paint by

an air spray in such an amount that the dry f£ilm thickness



(4) Laroflex MP-25 (trade nane) avai | abl e from BASF Co., vinyl
<hl ori de/ vi nyl _
avai l able from M tsubi shi Gas Kagaku K K., tricresyl phosphate (6) Talc
NKK (trade nane) avai lable fromFuji Talc K K. (7) Tar solution
avai | abl e from BO Chem cal Co., bojuntan varnish (solvent: xylene, NV: 70
%9 (8) Disparon 6600 (trade nane 8 avai |l abl e from Kusunot o Kasei

t hi xotropi ¢ agent of powdered pol yam de type (9) Red ion oxide
trade nargsulRBNEArFD 0T PANE: 1 Bkadd aby eadyiarg NI °cBepgaragkogyock. K

(10) Al paste 1900xS (trade nane) avai l abl e from Toyo Al um num K. K.
non- | eaf ickgrditpen tadddriplag NV: 75 % sol vent: xyl ene/terpene) (11).
Luckam de TD- 966 (trade nane) avai |l abl e from Dai ni ppon I nk &

Chem cal s | nc.The peEsamlded ardnemmEnssd 150 & 31%0 saline6@oc¥tiohvent :

xyl ene/ 1-butanol) (12) Adeca Hardener EH350 (trade nane)

at 40 °C for 180 days. Then, degree of blistering and

K K,
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| sobutyl ether copolyner (Mwv 28,000 - 30,000) (5) TCP

degree of rusting were evaluated by visual observation in

accordance with ASTM D714-56 and ASTM D610-85,

respectively, and adhesive strength was evaluated by a

cross—-cut adhesive test in accordance with JIS K5400 8. S.

2.

The results are set forth in Table 3.

Evaluation marks of blister test

is

is

10: No blister is observed.

9: The area of blisters having a diameter of 0.5 mm

less than 0.2 % of the whole area of the test plate.

8: The area of blisters having a diameter of 0.5 mm

about 0.5 % of the whole area of the test plate.

is

is

is

is

is

7: The area of blisters having a diameter of 0.5 to 1
about 0.5 % of the whole area of the test plate.

6: The area of blisters having a diameter of 1 to 2
about 0.5 to 1 % of the whole area of the test plate.
S: The area of blisters having a diameter of 2 to 3
about 1 to 5 % of the whole area of the test plate.
4: The area of blisters having a diameter of 3 to 5
about 5 to 10 % of the whole area of the test plate.
3: The area of blisters having a diameter of 3 to 5

about 10 to 15 % of the whole area of the test plate.



avail abl e from Asahi Denka Koagy K. K., nodified polyam ne (am ne val ue:

330 - 380, Nv: 100 %9 (13) TAP (trade name) avai |l abl e from Kayaku
‘Aquezo K K., tertiary amine (am ne value: 620) (14) MBK (nethyl isobutyl
ket one) Di scol oration resistance test of top coat One surface of a

steel plate (70 x 150 x 2.3 mm) havi % been subjected to sandbl asti ng was
coated with a non-tar type epoxy resfn? heavy-duty coating conposition
(primer) for testing by an air spray in such an anount that the dry film

thi ckness woul d be 220GHee LR f@'ﬂl@%@r@Yh@(than aiaﬁgcéeréic‘af@a 24
hours. Then, the surface of the resulting paint | mwas coated with a

pol yol efin chzh@rﬂsieﬂda&e 18hitlee 30t &P oF0ahe( Whade aeee.ofiamaé depr GordcdVi te,
avai l able from Chugoku Marine Paints Ltd.) by an air spray in such an
amount that the dryfithe t@iieekees susaing -bd iS@eker LMot ol éoswethaby3 @ryi ng
at 20 [err]C for 24 hours, to obtain a test plate. The test plate was
nount ed on arputtdoehadepeseee oft e tiest pdetedance with JI'S K5400 9. 9)
pl aced in Ontake Research Cent er of Chuoku l\/arl ne Pal nts Ltd.

(Onht ake- shi, B¥adaliia &fSo & ah gst i-8¢P)the paint film
was exposed outsr de, to performan out door exposure test for 30 days.
Thereafter, degree-®f NA §é’(ﬂtd-rn§t ii%n OB IeS ofTcHRE TRFFRAWRRSR VAT u]a‘?%'ﬂ by

visual observaliony oy 4 oJ M5 SRS s 88 (O Lo pTzble 2

9: The rusted area is not less than 0.03 % and less
than 0.1 % of the whole area of the test plate. |

8: The rusted area is not less than 0.1 % and less
than 0.3 % of the whole area of the test plate.

7: The rusted area is not less than 0.3 % and less
than 1 % of the whole area of the test plate.

6: The rusted area is not less than 1 % and less than
3 % of the whole area of the test plate.

5: The rusted area is not less than 3 % and less than
10 % of the whole area of the test plate.

4: The rusted area is not less than 10 % and less
than 16 % of the whole area'of the test plate.

3: The rusted area is not less than 16 % and less
than 33 % of the whole area of the test plate.

2: The rusted area is not less than 33 % and less
than 50 % of the whole area of the test plate.

1: The rusted area is not less than 50 % of the whole
area of the test plate.

Evaluation marks of cross-cut adhesive test



47" Table 2 Heavy-duty coati ng conposition

. Discoloration of top coat film (primer) or-1
not observed or-2 (A not observed Or-2 (B)
not observed or-3 not observed or-4
not observed or-5 not observed Or-6
not observed or-7 50 not observed H1
seriously browned . H 2 not observed E-2

b d ' : : : i I
not observe ]tq :OnEsa%ﬁ'-éi&[ gj! ffsr Qo fde ]:%Q:%V(%llrd%%u (65 e ale cigay Y ndut y

coati ng conposi -7 provi des exc ent discol oration

[esi stance, ol dMfolied £Rfpddl iy 0 ddialp arceryl ibhersepcaeat films

on the topside an oot topping I's not deterioratéd. Anti corrosive

t est pdist e8¢ lat&d Mined Hh& ey dHlakavi ng been  subjected to

sandbl asti'ng was coated with the test paint by an air spray in such an
anount that the glr yeddh b CHESSs a little thick.

8: Slight peeling is observed at the intersection
points of the cut lines; peeling of square is not observed;
and the area of defective portion is not more than 5 % of
the total area of all squares.

7: Peeling is observed at the both sides and the
intersection points of the cut lines; and the area of
defective portion is not more than 5 % of the total area of
all squares.

6: Peeling is observed at the both sides and the
intersection points of the cut lines; and the area of
defective portion is 5 to 15 % of the total area of all

- squares.

5: The width of peeling caused by cutting is wider
than that of "6"; and the area of defective portion is 15
to 25 % of the total area of all squares.

4: The width of peeling caused by cutting is wide;
and the area of defective portion is 25 to 35 % of the
total area of all squares.

3: Peeling of square is observed; and the area of
defective portion is not.more than 35 % of the total area
of all squares.

2: The width of peeling caused by cutting is wider
than that of "3"; and the area of defective portion is 35

to 50 % of the total area of all squares.



48 woul d be 200 [err]m followed by drying at 20 [err]C for 7 days, to
obtain a test plate. The test plate was inmmersed in a 3 % saline
solution at 40 [err]C for 180 days. Then, degree of blistering and degree
of rusting were evaluated by visual observation in accordance with ASTM
D714-56 and ASTM D610-85, respectively, and adhesive strength was

eval uated by a cross-cut adhesive te§t in accordance with JI'S K5400 8. 5.
2. The results are set forth in Table 3. Evaluation marks of blister

t est 10: No blister ig observed,. 9: . The area,of blisters having
Lo aneter of 0.8 hinThe yhdtRURENPEChion crauRed Y SREF LSS oF s RESE Rt

pl at'e. 8. The area,Qf blListers having.a.dianeter of 0.5 nm is about
0.5 9 of t e HEBI BRAF eaf of 2t hePisEN) arge Of actEqEigs Bortidn Ty 3¢, or's
havi ng a di apgt f_ 0. o] I.s.ahau . 29 t he whol e area of the
test plate. t5" 76 9699T egaFégagyhgg?s?grél aggﬁ%gésdianeter of 1to2 mm

is about 0.5to 1 fao h o] - Lh pk at A 1HE area
of blisters havinggé g?%n%fé? é? g&g%cgiv%ng?gsggguéélﬁ?g %eago?ﬁ?ﬂeﬁghole
area of the gegk phatBotal areadoflB%13kE&RaPEsHlisters having a diameter of
3to5 mmis about 5 to 10 % of the whol'e area of the test plate.

3: The area of blisters having a dianeter of 3 to 5 mmis about 10 to 15 %
of the whole area of the test plate. Table 3

Heavy-duty Anticorrosive test
coating composition Blister Rusting Adhesion
oT-1 10 10 10
OT-2 (A) . 10 10 10
oT-2 (B) 10 10 10
oT-3 10 10 10
oT-4 10 10 10
OT-5 210 10 10
OT-6 [ 10 10 10
oT-7 10 10 10
| H-1 10 10 10
H-2 10 10 10
E-2 5 7 9

As is clear from the results set forth in Table 3, the
heavy-duty coating compositions OT-1 to OT-7 exhibit
anticorrosive properties equal to or higher than those of

the tar type epoxy resin heavy-duty coating compositions.

Overcoatability test



49 , 2: The area of blisters having a dianeter of 3 to 5 mmis about

15 to 30 % of the whole area of the test plate. 1: The area of
Jrusting-blisters is not less than 30 % of the whole area of the test

pl ate. Evaluation marks of rusting test (ASTM D610-85) 10: No
rusting is observed, or the rusted area is less than 0.03 % of the whole
area of the test plate. 9: Sihe rusted area is not |less than 0.03 %
and less than 0.1 % of the whole area of the test plate. 8: The

rusted area i [Bg ] gg 0. gp !Igs an 0.3 %of the whole area
of the test SA ésn?ésté t Jar/lo % a@ not |l ess than 0.3 % and

less than 1 %lcgtéebf gt e ¢ ofsd Be 2, @Stmmql ¥e&ring been 6. The rusted

area is not less than 1 % and | ess than % of the whol e area of the test
pl ate. & Svd Ot Aec%%amm%h@% gnithan 10 %
of the V\/no eeare% rc}fb %ﬁtest é?ldf coa '?ghe ruste% eanls not | ess

than 10 ‘Vﬁ\ﬁnéz?ﬁsoytéf@rhﬂ@ s{eﬁ the shol earﬁr&ﬁ)ﬁt i @3 B

3: The rusted areais not less than 16 % and | ess than 33 %o the whol e

area of tHElheshidhiéss would be: 200Gk UStRbEr &hd plrdle Wgs than 33 % and
|l ess than 50 % of the whole area of the test plate. 1: The rusted

area i s nbuhesd dadn SOul8edr tdrpadiate stareh Ofn tdedrelindgd atieh

Eval uati on marks of cross-cut adhesive test
JIS K5400 9. 9) placed in Ohtake Research Center of Chugoku
Marine Paints Ltd. (Ohtake-shi, Hiroshima Prefecture) so
that the surface of the test paint film was exposed
outside, to perform an outdoor exposure test for 10 days.
Thereafter, the plate was coated with each of various top
coats shown in Table 4 by an air spray in such an amount
that the dry film thickness would be 50 um, followed by
drying at 20 °C for 7 days, to obtain a test plate.

The test plate was immersed in a 3 % saline solution
at 20 °C for 90 days, and adhesive strength to the top coat
film was evaluated by the cross-cut adhesive test (in
accordance with JIS K5400 8. S. 2) in the same manner as

described above.

The results are set forth in Table 4.




50 =

snoot h; and peeling is not observed at any intersection

10: Each cut line is fine; both sides of each cut line are

i nes and any square. : 9: Each cut lineis alittle thick.
Slight peeling is observed at the intersection points of the cut |ines;

peeling of square is not observed;

not nore
observed

poi nt of the cut

8:

and the area of defective portion is

than 5 % of the total argg of all squares. 7: Peeling is
at the both sides and the intersection points of the cut |ines;
and the area of defective portion is ,got nore than 5 % of the total
of all squares. - 6: Peeling fgb rved at the both sides and
I ntersection points of the cut lines; and the area of defective portion is

ar ea
t he

5 to 15 Wef—t+hetotal—grea—-ot—al—sqguares: 5 —Fhe—w-dt-h—of—peel i ng
caused by cut tirfighers Wi der than that of "6fop arshit he area of defectile
portion {s Heawoddey df the total ar¢a of all squares., 4. The
Wi dt h of | peel éout Degised |by BAYR¥XnEOPs Wl Magida he AP3LBF MAEHd& i vi
portion is CampesBEidh of] ¢her wieied eI¢awiwd [*Bquai®s Coat whitd *Bepling
of squar¢ is observed; dnd the area of | defective portion is not nore}than
35 % of fhe totgl-1area [of all 1gquares. 10 2: [The wi dt hi@f peeling
caused by cutting is wder than that 9f "3"; and fhe area of defectiye
portion s 39T-2 (A) 10 10 10
OT-2 (B) 10 10 10

OT—B 10 10 10

oT-4 10 10 10

oT-5 10 10 10

oT-6 10 10 10

oT~7 10 10 10

H_l 2 * * 2 * % 4 %* %

H-2 6 4 8

E-2 6 4 8

** Tn the H-1 paint system of Table 4, discoloration
(browning) of the top coat was observed.

*71 . chloriﬁated polyoclefin top coat (one~pack type),
available from CHUGOKU MARINE PAINTS, LTD.

*2: isocyanate crosslinked two-pack type urethane top
coat, available from CHUGOKU MARINE PAINTS, LTD.

*3: modified polyamide crosslinked two-pack type epoxy

top coat, available from CHUGOKU MARINE PAINTS, LTD.

As 1s clear from the results set forth in Table 4, the
heavy-duty coating compositions OT-1 to OT-7 exhibit

excellent overcoatability with various top coats.



t0.50 % of the total area of all squares.

51 1: The width of peeling caused by cutting is wider than that of
."2"; and the area of defective portionis 50 to 70 % of the total area of
all squares. 0: The area of defective portion is not less than 70 %
of the total area of all squares. Table 3
Heavy-duty Anticorro§ive test coating conposition Blister
Rusti ng Adhesi on or-1 10 10 10
or-2 (A 10 10 10 or-2 (B) 10
10 10 : or-3 10 10 10

Eg'4 Preparatiohlof notifl-free hydt8ivzable anffdulin 10 10
or-7 ; 10 10 10 H1 10

10 paing, H 2 10 10 10

E-2

Antifduling paint/ compositiofls having ffie! Sofib6@haingm the
results set forth in Taglg 3, the pheavy-duty coafi ng conp%sitioﬁg Or-1to

OT- 7 exhidith osARNRRY 19SS Té® 1R BPGkireepraga@kal 0 2h PhBherst hgnet hose of
the tar type epoxy resin heavy-duty coating conpositions.
amount of each component is expressed by "part(s) by

weight".

In the preparation of each antifouling paint
composition having the compounding ratio shown in Table 5,
the components were shaken for 2 hours in a paint shaker
containing glass beads, followed by aging at room
temperature for 12 hours. Then, the resulting mixture was
filtered through a filter of 100 mesh, to obtain a desired

organotin-free hydrolyzable antifouiing paint composition.



Overcoatability test 52 Adhesi ve
test to various top coats A steel plate (70 x 150 x 2.3 mm) having
been subjected to sandbl asting was coated with the test paint (priner) by
an air spray in such an anount that the dry filmthickness would be 200
[err]m Then, the plate was nounted on an outdoor exposure stand (in
accordance with JI'S K5400 9. 9) plgsed in OChtake Research Center of
Chugoku Marine Paints Ltd. (Onhtake-shi, Hiroshina Prefecture) so that the
surface of the test paint filmwas Of outside, to perform an outdoor
exposure test for 10 days. Thereaft@gb Ehe pl ate was coated with each of
various top coats shown in Table 4 by an alr spray in such an anmount that

the dry fHHmthiekness—woutd—be— Gf erf+ n, .u, ovwetd—by—aryng—at—26[err] C
e. ' Orga F FETMégg?ﬁnersed in a
or—99 Ta to the
Py Cut adhdcl v oWV,

for 7 dayp, to obtain a test
ot
‘+he—e+85S adhg¢sive—teSt—€ir—aeegr dance
ame manmer as degcribed ahave. The

11

""U'I

3 % sal i np—sotution—at—26-1
top coat FrRSRRORean G o o
with JI'S K§480v8rndsh?2) i

results arg . set forth, in

T fed
h

S
4.

e

9
Toyoparax 150 -3
Mica Shiratama 2
Red iron oxide 1
Titanium white 1
Copper suboxide 42 42
zinc pyrithione
Copper pyrithione
Zinc white
Molecular Sieve 4A
Disparon 305
Disparon 4200-20

Xylene 12.5 11.5

B O R g oo N
R O R oo

Total Amount 100 100

The components shown in Table 5 are as follows.
(1) s-3 Varnish

trialkyisilyl ester copolymer solution, monomer ratio
in the polymer: tributylsilyl methacrylate/methyl
methacrylate = 50/50 (by weight), solvent: xylene, heating
residue: 49.6 % by weight, viscosity: 259 cPs/25°C
(2) BL-1 Varnish

styrene acrylic ester copolymer solution, monomer
ratio in the polymer: isobutyl methacrylate/t-butyl

methacrylate/styrene/stearyl methacrylate = 30/30/30/10 (by



53. Table 4 Pri mer Top

« Coat Heavy-duty Ravax Top Uny Marine Epi con Marine coati ng
conposi tion Coat Wiite *1 Wiite *2 Top Coat White *3 or-1
10 : 10 10 or-2 (A . 10 10
10 or-2 (B) 10 10 10 or-3
10 10 10 56 Or-4 10 10
10 or-5 10 10 10 Or-6
10 : . : . - . . 10 .. 10
10 H_vielgﬂ'@) . heat:zng res.thﬂle. Szo*grbzf weight, Vd.s,gpsn:y. Ief-42
6 ° -8 E-2 6 4
8 ** 1Gar%%ef{i56%%nt systen1of Tabl e 4, discoloration (browning) of
the top co ) VBSy ADSELY trade | orinated polyolefin top coat
(one- pack fgype) &‘gvau Fabl e et U VAR NE PA NTS LTD. %2
| socyanat e Crosgya nkaeeh & V‘E)rcﬂﬁmf‘oédﬁ)q{ W et hane, Ly radfii abl e from

CHUGOKU MARI NE PAI NTS, LTD. 3: nodified po yan1 e crosslinked

t wo- pack typer&peoxyumbep ePatarkdiaidadnse: fron CddEId MARINMNE 2AI:NES, LTD.
As is clear fromthe results set forth in Table 4, the heavy-duty coating

conposi ti ohs WsdosdtPT- Izephibetzsmgceddéﬁﬂfwejwﬁi@bﬂ |1 1235 migo vari ous
top coats.
(4) Mica Shiratama (trade name) .
available from Wakimoto Unmo, leafing type pigment,
mean particle diameter: 15 um, aspect ratio: 40
(5) Molecular Sieve 4A (trade name)
dehydrating agent, available from Union Showa K.K.,
synthetic zeolite éowder
(6) Disparon 305 (trade name)
available from Kusumoto Chemicals, Ltd., hydrogenated
caster oil anti-sagging agent
(7) Disparon 4200-20 (trade name)
available from Kusumoto Chemicals, Ltd., polyethylene

oxide anti-settling agenE, 20 % xylene paste

Adhesive test to antifouling paint

A steél plate (70 X 150 X 2.3 mm) having been
subjected to sandblasting was coaﬁed with the test paint
(primer) by an air spray in such an amount that the dry
film thickness would be 200 um. Then, the plate was
mounted on an outdoor exposure stand {in accordance with
JIS K5400 9. 9) placed in Ohtake Research Center of Chugoku
Marine Paints Ltd. (Ohtake-shi, Hiroshima Prefecture) so

that the surface of the test paint film was exposed



54 - Preparation of organotin-free hydrolyzable antifouling paint

. Antifouling paint conpositions having the conpounding ratios shown in
Table 5 were prepared. In Table 5, the anount of each conponent is
expressed by "part(s) by weight". In the preparation of each
antifouling paint conposition having the conpounding ratio shown in Table
5, the conponents were shaken for 27hours in a paint shaker containing

gl ass beads, follomed by aging at room tenperature for 12 hours. Then, the
resul ting uéél ter of 100.nes 0 obtain a

desired oFPganotT h-1 e%eﬁy%E%F§9a%Vg&§n¥l?ﬁﬂ??ﬁﬁepﬁfﬁ? {E %?%ﬁ

Table 5 I
Aﬁt : feoul | ngh reafter, tla:onglate was %Q@Q&t ftli @ﬁ "E(Q&QJ@’E&? free AE-2 S 3

Varni sh  paint (aF-1_or aB92) b% an air spragllgLs&cﬂmﬁﬂ'émbunt that
9 11 Toyoparax 1

Mca Shiratagedry film thicknes3d would be 100 pm, félf%%%arﬁy QX figy
1 1 Titaniumwhite 1
at 20 °C for 7 days, to obtain a test plate.
The test plate was immersed in natural seawater for
180 days, and adhesive strength to the organotin-free
hydrolyzable antifouling paint was evaluated by the cross-

cut adhesive test (in accordance with JIS K5400 8. 5. 2).

The results are set forth in Table 6.

Table 6
Heavy-duty Adhesion of Organotin-Free
coating Hydrcolyzable Antifouling Paint
composition
AF-1 AF-2
oT-1 10 10
OT-2(A) 10 10
OT-2 (B) 10 _ 10
oT-3 10 10
OT-4 10 10
oT-5 10 10
OT-6 10 | 10
oT-7 10 10
H-1 0 0
H-2 2 2
E-2 2 2 S




Copper suboxi de 42 42 Zinc pyrithione
2

. 0 Copper pyrithione 0 2
Zinc white 6 6 Mol ecul ar Sieve 4A

1 1 Disparon 305 0.5

0.5 Disparon 4200-20 1 1 Xyl ene

12.5 11.5 Total Aunt 100

100 The conponents shown in Table 5 are as follows. (1) S-3 Varnish

trialkylsilyl ester copolyner solution, nononmer ratio in the polyner:
tributylsilyl methacrylate/ methyl nethacrylate = 50/50 (by weight),

sol vent: Xy|ﬁ&%fd%ﬁ3ﬂdfi!%rd&?_|ﬂ‘é% i GedrldL W Q'&Fsuiﬁb%‘i%i LW t§é9
cPs/ 25[err] - arnr s styrene acrylic ester copol ymer

sol ution, mmoulri#' Qdihd he rehymer: i sobutyl methacrylate/t-butyl
met hacryl ate/ styrene/ stearyl nethacrylate = 30/30/30/10 (by

56 weight),

heatA rgard@sl aitesd YL Lobhy( Mei>gIRo, xwidsangi Wwas Bént so as to-

(Gardner/25[err]C) (3) Toyoparax 150 (trade nane) avail abl e from

Tosoh K. K.,

el oird s fiad affdd.of v fage iMgTiRunO b 1eedo A ndlse@wvatds. 5,

chlorine content: 50 % viscosity: 12 poise/25[err]C, specific gravity:

1.25/25[ err]

i Hidkodhiem Sy at ama (trade nane) avai l abl e from

Waki noto Unno, |eafing type pignment, nmnean particle dianmeter: 15 [err]m
aspect ratio: 40 The sandblasted plate was coated with a non-tar type

epoxy resin heavy-duty coating composition (a test primer)
by an air spray in such an amount that the dry £ilm
thickness would be 200 pum, followed by drying at 20 °C for
2 days. Then, the plate was coated with an organotin-free
hydrolyzable antifouling paint by an applicator in such an
amount that the dry film thickness would be 200 pm,
followed by drying at 20 °C for 7 days, to obtain a test.
plate.

For comparison with the above painting method of the
invention, a conventional painting method is performed in
the following manner. The sandblasted plate was coated
with a two-pack type tar epoxy heavy-duty coating
composition (trade name: Viscon AC, available from Chugoku
Marine Paints, Ltd.) by an air spray in such an amount that
the dry film thickness would be 150 um, followed by drying
at 20 °C for 2 days. Then, the plate was further coated
with a vinyl type binder coat (trade name: Silvax SQK,
available from Chugoku Marine Paints, Ltd.) by an air spray
in such an amount that the dry film thickness would be 50
Hm, followed by drying at 20 °C for 2 days. Thereafter,

the plate was furthermore coated with an organotin-free



(5) Mslecular Sieve 4A (trade nane) dehydrating agent, available from
tni on Showa K K., synthetic zeolite powder (6) Disparon 305 (trade nane)
avail abl e from Kusunoto Chemi cals, Ltd., hydrogenated caster oil

anti-saggi ng agent (7) Disparon 4200-20 (trade nane) avail abl e from
Kusunot o Chem cals, Ltd., polyethylene oxide anti-settling agent, 20 %
xyl ene paste Adhesi ve test to antS89 oul i ng pai nt A steel plate (70

x 150 x 2.3 mm having been subjected to sandblasting was coated with the
test paint QR Tl ray _i.n . such_an_ampunt that the dr film
t hi ckness ngﬁ%&%\/ Z)Erl]%lﬁu]‘sf‘%gn%atlﬁ‘é‘ gﬂyataél ﬁBg'ilﬁBEﬂFeanoﬁu R %’at door
exposur e StaRfhnt RHAGC ¥ Qﬁﬁi st l; 0 ) Rl d in Ontake
Resear ch Centern of Chugg‘%ﬁ \r@!llnlgn Ig‘éﬁlﬁ'g%%%%dwg)&l&ﬁt g%e-agﬁi FI“Hi roshi ma

Pref ect ur e)F30 owdiioyt liSHd 36e R Ehgoest dggl nt g lﬁg]:ggf}s_gxg%g?eaf Cer

57 outside, to perform an outdoor exposure test for
the plate yasateoated with the organotin-free paint (AF-1 or AF-2) by.an
air spray in such an anmount that the dry filmthickness would be 100

[errIm fol |l ovedaah difyith@ taist2@1laded gr%hréddé]b‘évet Qaqbkginoachest

pl at e. The test plate was immersed in natural seawater for
the rotating drum, and a ship running simulation was
conducﬁed at a peripheral speed of 15 knots under S50 %
working conditions (alternation of 12-hour working at night
and 12-hour rest in the day time) for 12 months, to
evaluate antifouling properties (dynamic antifouling
properties, proportion (%) of an area of the test plate
fouled with various aquatic organisms) and degree of

consumption (decrease (um) of film thickness).

The results are set forth in Table 7 and Tabie §.



180 days, and adhesive strength to the organotin-free hydrolyzable

»antifouling paint was eval uated

by the cross-

cut adhesive test (in

accordance with JI'S K5400 8. 5. 2).. The results are set forth in
Tabl e 6. Table 6 Heavy- duty
Adhesi on of Organotin-Free coating Hydrol yzabl e Anti fouling
Pai nt conposition 60 AF-1 AF- 2
or-1. 10 10 Or-2(A)
10 10 or- 2( 10 10
or-3 10 Hhole 7, Or- 4
10 10 or-5 10 Or-6
10 He —4G£ ~OF—F Eas) H-1-
0 ;22;§h13’ Hrtifouling properties2 fouled area 2
E-2 .22 2
58 Antli foulcl:?}nfr“ésrloepli??i es 4§ A ' ol i ng
pai nt system REdndbl astled pl at e 29 x 20 x B mm maiFgfnt so as to
be fit onto—the——side—of—a—rotating—drutrpracet—in—peanater
oT-1 . O_ 0
OT-2(a) 0 0
OT-2(B) 0 0
0OT-3 0 0
oT-4 0 0
oT-5 0 0
oT-6 0 0
oT-7 0 0
H-1 20 20
H-2 0 0
E-2 0 0
Conventional paint
system (Tar epoxy 0 0

heavy-duty coating
composition and

binder coat)

Remarks: AF-1 and AF-2 are organotin-free hydrolyzable

antifouling paints shown in Table 5.



in.H roshima Bay. The sandbl asted plate was coated with a non-tar
type epoxy resin heavy-duty coating conposition (a test priner) by an air
.spray in such an anount that the dry film thickness would be 200 [err]m
followed by drying at 20 [err]C for 2 days. Then, the plate was coated

wi th an organotin-free hydrolyzable antifouling paint by an applicator in
such an anmount that the dry film@hi ckness would be 200 [err]m fol | owed
by drying at 20 [err]C for 7 days, to obtain a test plate. For
conparison Wi th the above painting m?}?%od of the invention, a conventional -
pai nting nethod is perforned in t he? 1Hwi ng manner. The sandbl ast ed

pl at e was coated wth a two-pack type tar epoxy heavy-duty coating

conposi t rer—trade n"ﬁE'—VESC"u AC—avattablte—f+roem-Chugeku—Mar+re—Pgi nt s,
Ltd.) by an aﬁ# d % such| an anmoDegremact cbesdnpt Lohm jfihi ckness |woul d
be 150 [lerr]m F8 -OR€d by drping—at—20—ferrtcfor—2—days—TFhen—the plate
was further cggni_g S )f)ﬁ a vinyl ‘type hinder coat |(trade © Silvaq S,
; £ o rimer ol Do od o Sl o T4 oo
avai | abl om gorRd—ivat e Parfats—tek ) Uy afratt—SPtray—+t1—SH€trjan
anmount that the d il mthickness would be 50 [err]m followed by drying
at 20 [e ; ed
with an prganoti fr hydr ol yjzabl e
anti f oul i %gu amu.:atorifis%vh arf—afgtt t%at%%%:dTy fHl m
t hi cknesp “0U|dcﬁﬁz%%8 [err]m 56 56
oT-3 53 _ 54
oT-4 55 59
OT-5 53 56
OT-6 54 55
oT-7 53 54
H-1 34 31
H-2 50 54
E-2 | 52 55
Conventional paint ) _
system (Tar epoxy 51 53
heavy-duty coating
composition and
binder coat)_

Remarks: AF-1 and AF-2 are organotin-free hydrolyzable

antifouling paints shown in Table 5.

As is clear from the results set forth in Table 7 and
Table 8, the heavy-duty coating compositions OT-1 to OT-7
can provide a paint system having antifouling properties
and consumption equal to or higher than those of the
conventional paint system, even if any binder coat which is

necessary in the conventional paint system is not used.



foll owed by drying at 20 [err]C for 7 days, to obtain a test plate.

Each of the test plates prepared above was fit onto the rotating drum and
a ship running simulation was conducted at a peripheral speed of 15 knots
under 50 % working conditions (alternation of 12-hour working at night

and 12-hour rest in the day tine) for 12 nonths, to evaluate antifouling
properties (dynamc antifouling proggrties, proportion (% of an area of
the test plate fouled with various aquatic organi sns) and degree of

consunption (decrease ([err]m of filmthickness). The results are
set forth in Table 7-and Tabl e 8. . 60
Table 7 Heayvy,- dut Antifq I|n rei u re

coat i ng COWp%gﬁ ect bf decre %%e HF%P% 5; pa %%tlk& k?geg. Rumber
AF- 1 . - . : 014 0
OT- 2( A) of klndgzé%jpalnts éggfkumber ?f kinds ?f Fglnners 0
0 or-3 . 0 . Q. . OT-

0 Wﬁfh respecQjﬁ%Sthe_number of palBang times, tﬁe 0
Or-6 number of %inds of paints and the numbe?'of kinds of 0

thinners, the painting method of the invention is compared
with the conventional painting method.

Comparison on the saving of labor in the painting
process between the painting method of the invention and
the conventional painting method was made by applying an
organotin-free hydrolyzable antifouling paint to the bottom
and the boot topping of a bulk carrier of 75,000 tons newly
built, as shown in Table 9 (lifetime of paint film: 2
years) .

Table 9-I

Painting Method Using Paint of the
Invention
Type of Paint Number of
" painting times

Bottom and Non-tar type epoxy

. resin heavy-duty 2
Boot topping coating composition
Organotin-free 5
hydrolyzable

antifouling paint
Non-tar type epoxy

Topside resin heavy-duty 1
coating composition
Urethane top coat 1

Total number of
kinds of paints
Total number of
painting times
Total number of
kinds of thinners

3




H1 . 20 - 20 H 2 0

0 E-2 0 0 Conventional paint
systen1(Tar epoxy 0 0 heavy-duty coating
conposition and bi nder coat) Remarks: AF-1 and AF-2 are organotin-free
hydrol yzabl e antifouling paints shown in Table 5.

61 Table 8 g3 Heavy-duty Degr ee of
consunption: [err]m coating conposition (Primer)
AF- 1 AF- 2 or-1 55
59 or-2(A - 56 Table 9-II 56 OT- 2( B)
56 56 or-3 53 54
Oor-4 55 O-5
53 56 Or- #ainting Method 1 U§4ng Conventional 55
or-7 53 54 Painty 4
34 31 H- 2 Type of Paint 5@umber of painting| 54
E-2 52 E 55 Conventi-ohal pa: r;tln\;e\]%t em (Tar
epox 51 YRS R coatin conposi tion and
andgr coat)) res1n heaXy g¥¥ g qp
coating composition
Bottom and Vinyl resin binder 2
Boot topping coat
Organotin-free 5
hydrolyzable
antifouling paint
Chlorinated rubber
Topside heavy-duty coating 2
composition
Chlorinated rubber top 5
coat

Total number of

kinds of paints >

Total number of 9
painting times

Total number of 4

kinds of thinners . (Use of thinner in

common for organotin-
free hydrolyzable
anti-fouling paint
and for chlorinated
rubber coating
composition and top
coat:3)




e e s e

>

Remarks: AF-1 and AF-2 are organotin-free hydrolyzable antifouling paints
shown in Table 5. As is clear fromthe results set forth in Table 7
and Table 8, the heavy-duty coating conpositions OI-1 to OI-7 can provide
a paint system having antifouling properties and consunption equal to or

hi gher than those of the conventional paint system even if any binder
coat which is necessary in the cé&#entional paint systemis.not used.

62 Effect of decrease in nunber of painting tinmes, nunber of kinds
of paints and nunber of kinds of 4 Wth respect to the nunber
of painting tinmes,” the nunber aklnds 0 palnts and the nunber of kinds
of thinners, the painting nEthod of the invention is conpared wth the

conventi 1 | hrogr- in
tionar—par nting metho o e pa| n%éﬁ&c?— gjgﬁ %‘ﬂ‘;&éﬁt d ciuur
Was

the painting process betweg¢ RO he 1 nven 'on” an t he
conventifonal painting netho Wr B N9 an
hydr ol yzjabl e antifouling paijnt to tHe bottom and the ABQ?htiﬁBptﬂﬁle a
bul k carfier of 75,000 tons nemﬁyTaQukybe 850 gown i Tabre 9 (trtetrpe of
paint film 2 vyears). resin heavy-duty lable 9-1 5

Pai nti ngl Met hod Usi ng Pai nt |of ing composition °
I nvention Bottom and
Boot topping

Vinyl resin binder coat 1

Organotin-free

hydrolyzable 2
antifouling paint
Epoxy resin heavy-duty 5
Topside coating composition
Epoxy resin top coat 2
Total number of 5
kinds of paints
Total number of 9
painting times
Total number of 3

kinds of thinners {The same thinner

is employable for
the tar type epoxy
resin heavy-duty
coating compos-
ition and for the
epoxy resin
coating composi-~
tion and top coat
in common)

Rationalization of painting process by the method of the
invention |

In the painting of the outside shell of a bulk carrier
of 75,000 tons newly built, the aforesaid painting method
according to the invention was compared with the
conventional painting method-1 to evaluate degree of

rationalization in the following items.



Tybe of Pai nt Nunber of

painting tinmes Bott om and Non-tar type epoxy

resin heavy-duty 2 Boot t oppi ng coating conposition
Organotin-free 2 hydr ol yzabl e
antifoul ing paint _ Non-tar type epoxy Topsi de
resin heavy-duty 1 65 coating conposition
Ur et hane top coat 1 Tot al nunber of 3 ki nds of

pai nt's TOtalmﬂHﬂP%@%ﬂéct to the degree of rationalizatiop® tp@al Nting
tines Total nunber o &) I'nds of

t hi nners painting method of the invention was6%Wa&uftﬁg basgg on the
t hod- I ng nvent1 onal

Table 9-11 Pai nting Me

Pal nt conventional paintingl¥R&HJd-Haigding 100Number of painting _
times : ar type epoxy resin
heavy-duty 1. Time for painting work coating conposi tion

Bot t om and Vi nyl resin binder Boot t oppi ng coat

2 The period d¥ gainwd ineddsary for applyingZa paint with

hydr ol yzabl e antifoul i ng paint

Chl ori nat exh raibtlerss sprafopssieevaluated. h&@his geini ebaifi ngme does 2
conposition Chl ori nated rubber top 2

coat Tot alnqfurigwrluwde time for prepayx kidmisitipw giiboteslt turtber of

9 painting tinmes Total nunber of 4.

ki nds of t¥Highies time for moving of workers (asdhsf sdffifirdd iar by

common for qrganotin- _ | . free
hydr of yzapfghtcle for high lift work. anti-fouling paint

and for Ch|0r|Q?P%£gn—effeCtive work

The following non-effective work was evaluated.

(1) Changing of paints, and washing of painting
machines or painting tools associated with the changing of
paints.

(2) Control of spray overlapping or protection
necessary for application of different paints in the paint-
change 2zone.

(3) Moving of workers, preparation of painting, and
cleaning or rearrangement after painting.

3. Failure in painting

Painting failures caused by mischoice of paints,
failure of spraying on the paint-change zone and mischoice
of thinners were evaluated.

4. Process control

The labor necessary fof controlling painting
intervals, labor for controlling fitting of ;he painting

process with other processes (building or transferring of



rubber coating conposi tion and

top coat: 3)

64 Table 9-111 Pai nti ng
Met hod-2 Usi ng Conventi onal Pai nt
Type of Paint Nunber of

pai nting tines 66 Tar type epoxy

resin heavy-duty coating conposition
Bot t om andy1 ocks Mdhd féﬁﬂf]éaﬂ“@3h6¥3¥l ng di spoé%tion BROL, o pRRIsNg
Organotin-free Jh dro bl e 2
antifoul i ngepaidaluated. Epoxy resin heavy-duty 2
Topsi de coating conposition Epoxy resin top
coat 2. StdrdgdWierst@ck management ofS paiintds of paints Total
nunber of 9 painting tines Total
nunber of The work relating to ordering, wardtdudsinef, thinners

(The sane thinner i's

enpl oyabl ec¥agsification and rearrangement of paints and thinndre was type
epoxy resin heavy-duty
coati ng coyppbuated. iti.on and for
t he epoxy resin

coati ng Conp08|6 Loss of paint and thinner, disposal of waste pgigé and t op
coat I n conmon)
Ratlonal|z%?@dﬁa%?epﬁﬂ¥ﬁqﬁﬁ process by the nethod of the |nvention

In the palntln he ouiside shell_of a bulk carrier 5,000 tons
new y built, PR T BEHS RPISHRR e & Qqu(?ﬁ 3G i on was

conpar ed wéélnés, loss of paints caused by excess use in the spray
overlapping for application of different paints, increase
of unusable paints caused by'pot life over of the residual
paints, and disposal of waste paints and thinners were
evaluated.

The results are set forth in Table 10

Table 10
Degree of rationalization
Painting method Painting method-1
using paint of the | using conventional

invention paint
1. Time for
painting work 70 100
2. Non-effective
work 70 100
3. Painting
failure 30 100
4. Process control 80 100
5. Storage and
stock management 80 100
of paint
6. Loss of paint
and thinner,
Disposal of waste 50 100
paint and waste
thinner R . L




conventional painting nmethod-1 to evaluate degree of rationalization in
sthe followng itens. 65 Wth
respect to the degree of rationalization, the painting nmethod of the

i nventi on was eval uated based on the conventional painting nethod-1 being
100. 1. Time for painting work The period of tinme necessary for
applying a paint with an airless $pfay was eval uated. This period of tine
does not include time for preparing painting equipnent but includes tine
for noving of workers at the scaffold or by vehicle for high Iift work.

2. Non-effective work The foll ow ng non-effective work was eval uat ed.

(1) Changing ofAQaigt‘%legPdf]\_(@r?h&ﬁl&%%\péaifg;.ﬁgt(sz)rmt%gnnes or painting tools

associated with the changing o pai trol of spray

over! app! Nga Pl oi P1£EE O oPSSEAIAING O ARPIdCAlIAD dlerd Idrent paints in
(3) ﬁ%V|ng of wo

t he paint- change zone. rkers, preparation of

painting, sRdp'§!REN NYsOfedSAIANGPIEIE @d &£ PAMdIhting methodai l Ure
in painting Painting failures caused by m schoice of paints, failure

of sprayi ngs gt tiee ppaiht CHANERe ZDMGe@PTom] Schoi ce of thinners were
eval uat ed. - |

As is clear from the above results, the
rationalization of the painting of the outside shell of a
ship's hull is feasible by the use of the painting method
of the invention.

Further, the rationalization can be promoted by the
use of the non-tar type epoxy resin heavy-duty coating
composition of the invention as a primer for other ship
parts than the outside shell.

Moreover, because the area of the same paint can be
widened to thereby stabilize the painting technique
required for the painting workers, uniform and high-quality
paint f£ilms can be easily obtained, and besides other
immeasurable advantages such as improvement of working

efficiency can be provided.



4. Process control The | abor necessary for controlling painting
.intervals, |labor for controlling fitting of the painting process with
other processes (building or. transferring of

66 bl ocks) and | abor for controlling disposition of workers were

eval uat ed. 5. Storage and stock nmanagenent of paint The work
relating to ordering, warehousing, 68l assification and rearrangenent of
pai nts and thinners was eval uat ed. 6. Loss of paint and thinner,

di sposal si ' nd waste thinner The | oss of paints and
t hi nners 8@3%%65%‘%§i%%%%3g%g paints, |loss of paints caused by excess use

in the spray erl i 'ﬁﬂgli- J . di ff.erent ints, increase of
unusabl e pai nt ?bauﬁﬁ*ﬁg‘%ﬁ’{ 1T e e%\?;(%&rfo “She praelglltdlr}aolnﬁ%psg‘lttn P8 and

di sposal ofoM@siLimy nts and thinners were eval uated. The results
are set forth in Table 10 Tabl e 10

Degr ee of kationgjigegiéﬁhenol epoxy resin, Pai nting net hod Pai nti ng
nmet hod- 1 usi ng paint of the using conventional

i nvention (b) a viyNicHlodid® dsPolRadH,i Rharor K 10
100 2. Non-effective 70 100 work 3. Painting
90 (c) a haddéher comprising polyamide or its modified

product.

2. The paint composition as claimed in claim 1,
wherein the bisphenol epoxy resin (a) has an epoxy

equivalent of 100 to 500.

3. The paint composition as claimed in claim 1 or
claim 2, wherein said paint composition further contains
(d) an aluminum powder in addition to the components (a),

{b) and (c).

4. The paint composition as claimed in any one of
claims 1 to 3, wherein the vinyl chloride copolymer is a

vinyl chloride/alkyl vinyl ether copolymer.

5. The paint composition as claimed in any one of
claims 1 to 4, wherein said paint composition contains

tricresyl phosphate.

6. The paint composition as claimed in any one of

claims 1 to 5, wherein a mixture of the polyamide or its

IR 0 S



failure 90 100 4. Process control

. 80 100 5. Storage and stock managenent 80
100 of paint 6. Loss of paint and thinner, Disposal of waste 50
100 pai nt and waste thinner 67

As is clear fromthe above results, the rationalization of painting of the
outside shell of a ship's hull isg@®asible by the use of the painting
met hod wusing the paint of the invention. As is clear fromthe above

results, the. . ratjonal i on, of t i n of the out si,de shell of a
ship's hu|‘$°‘%’sf[1feé% déi‘% r}tﬁpt%}?e‘-"iﬂ%ﬁ OARSRSd 1S9f ¢ he

I nventi on. Furth the ationalization can be pronoted by the use
of the non: Cfrétrajt@epcg e‘%&/ rkeas’ﬁé]er’fera\/y-duty coating conposition of the
invention as a priner for other ship parts than the outside shell.

Mor eover, because the area of the sanme paint can be w dened to thereby

stabilize the I nti SO t] S,
uni f orm and hi gh-qual i f&pal ﬁ&&??(f ns c%rﬁd%geoélaésr}'l?e albr?é‘:}rﬁgé%%n besi des
g;ge[)e ;)Tmie&faébi et@dﬂa%ﬁﬁﬁélﬁ%cﬁspém QV&%I@C oI Kieg &fd i£i ency

heavy-duty coating composition.

8. A heavy-duty coating film formed from the paint

composition as claimed in any one of claims 1 to 7.

9. A painting method of an outside shell of a ship's
hull, comprising the steps of:

coating (i) a bottom of a ship‘'s hull or (ii) a bottom
and a boot topping of a ship's hull with a non-tar type
epoxy resin heavy-duty coating composition as a primer to
form a primer film; and |

further coating the surface of the primer film with an

organotin-free hydrolyzable antifouling paint.

10. A painting method of an outside shell of a ship's
hull, comprising the steps of:

coating the whole outside shell of a ship's hull
including a bottom, a boot topping and a topside with a
non-tar type epoxy resin heavy-duty coating composition as
a primer to form a primer £ilm; and

further coating the surface of the primer film

provided on (i) the bottom or (ii) the bottom and the boot

* c L M S *



68 Mhat is claimed is: 1. A non-tar type epoxy resin paint

., conposition conprising: (a) a bisphenol epoxy resin, (b) a
vi-nyl chl oride copol yner, and (c) a hardener conprising polyanide or
its nodified product. 2. The paint conposition as clainmed in
claim1l1, wherein the bisphenol epoxy resin (a) has an epoxy equival ent of
100 to 500. 3. The paint c@fposition as clainmed in claim1l or

claim?2, wherein said paint conposition further contains (d) an aluninum

wd dd b Th
pai nt c'or”rp?,ts SRA S % o TRy T S SRS S S BB o
vinyl chl ord é%%twagese Sy A SO vy et her - copol yrer

5. The pai Tpos | on as inany one o 1to 4, wherein
said paint conposition contains tricresyl phosphate. 6. The paint
conposition as clained in any one of

11. A painting method of an outside shell of a ship's

hull, comprising the steps of:

coating the whole outside shell of a ship's hull
including a bottom; a boot topping and a topside with a
non-tar type epoxy resin heavy-duty coating composition to
form a primer film;

further coating the surface of the primer film
provided on (i) the bottom or (ii) the bottom and the boot
topping out of the thus primer-treated outside shell with
an organotin-free hydrolyzable antifouling paint, and
coating the surface of the primer film provided on the
topside with a topside top coat;

and optionally

furthermore coating the boot topping with a boot.

topping top coat.

12. The painting method of an outside shell of a
ship's hull as claimed in any one of claims 9 to 11,
wherein the non-tar epoxy resin heavy-duty coating

composition further contains a thermoplastic resin.

13. The painting method of an outside shell of a
ship's hull as claimed in claim 12, wherein the

thermoplastic resin is at least one resin selected from a

[

N O



claims 1 to 5, wherein a mxture of the polyamde or its
. 69 nodified product and anot her hardener conponent is contained as the

har dener . 7. The paint conposition as clainmed in any one of

claims 1 to 6, wherein said paint conposition is used as a heavy-duty
coating conposition. 8. A heavy-duty coating filmfornmed fromthe
paint conposition as clainmed in anyjone of clains 1 to 7. 9. A
pai nting nmethod of an outside sheII of a ship's huII conprising t he steps
of : qﬁ qi a ship a hul | or & gottonl and a
boot toppléé a&ﬁ@ppg HGIF haE ﬁﬁﬁy ar Fﬁﬁén'eﬁo yWesPRehahkfy- duty
coating co 03|t|on s a prlner tQ_faorm.a figl further
coating théSdfrale S % SRE BEshd 3P ﬁiﬁﬁﬁfﬁ ngﬁgkﬁﬁ}ﬁree hydr ol yzabl e
antifouling paint. 10. A painting method of an outside shell of a
ship's hull, conprising t he steps of: coating the whol e outside

shel | of ‘a ship'sg hublye Pl ch AR M2 QAL gLOBRERY 8,2 L opsi de

with a non-tar type epoxy reS|n eavy-duty coating conpoSition as
ship's hull as claimed in claim 13, wherein the vinyl

chloride resin is a vinyl chloride/vinyl isobutyl ether

copolymer.

15. The painting method of an outside shell of a
ship's hull as claimed in any one of claims 9 to 14,
wherein the non-tar type epoxy resin heavy-duty coating

composition contains an aluminum powder.

16. The painting method of an outside shell of a
ship's hull as claimed in claim 11, wherein the topside top
coat is an urethane paint, an epoxy paint, an acrylic paint
or a chlorinated polyolefin paint, and the boot topping top
coat is an urethane paint, an epoxy paint, an acrylic
paint, a chlorinated polyolefin paint or an organotin-free

antifouling paint.

17. The painting method of an outside shell of a
ship's hull as claimed in any one of claims 9 to 16,
wherein the organotin-free hydrolyzable antifouling paint
contains a trialkylsilyl ester copolymer containing 20 to
65 % by weight of constituent units derived from a

trialkylsilyl ester of a polymerizable unsaturated

AL
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a pri'mer to forma prinmer film and further coating the surface of
-the prinmer film provided on (i) the bottomor (ii) the bottomand the

boot 70 topping out of the thus
priner-treated outside shell with an organotin-free hydrol yzable
antifouling paint. 11. A painting nmethod of an outside shell of a
ship's hull, conprising the steps pf: coating the whol e outside
shell of a ship's hull including a bottom a boot topping and a topside

with a non-tar type epoxy resjn heavy-duty coating conposition to forma
primer filﬁ?rgoxy¥g?u? héraegaP?ﬁanH% %%W%éﬁ%?Yﬁr§9ﬁeT9¥¢ﬁﬁquIln provi ded
on (i) the bottomaoar. (iLk).the.bott t he boot topping out of the thus
priner-treg?égkguéngeoth%rpsaﬁFﬂ g@%@ggganotin-free hydr ol yzabl e
antifouling paint, and coating the surface of the prinmer film provided on
the topside with a topside top coat; and optionally

urtheriore c0asy10 ke hooh 148P0R Bc 0Bl SPPLAGHE o 02!

12. The painting met side she ship _ as clainmed in
gggtng of shiB8hH100atlc1a1EACEA LG ORE-SATEROXY § &8 mpeavy-duty
[
wherein the orgénotin—f;ee hydrolyzable antifouling paint
contains a vinyl resin in which an organic acid is linked

to at least one side chain terminal through a metallic

ester linkage.

19. A painted ship‘s hull having:

a non-tar type epoxy resin heavy-duty coating primer
film applied on (i) a bottom of the ship's hull or (ii) a
bottom and a boot topping of the ship's hull, and

an organotin-free hydrolyzable antifouling film

applied on the primer film.

20. A painted ship's hull having:

a non-tar type epoxy resin heavy-duty coating primer
film applied on the whole outside shell of the ship's hull
including a bottom, a boot topping and a topside, and

an organotin-free hydrolyzable antifouling film
applied on the primer film provided on (i) the bottom or
{ii) the bottom and the boot topping out of the whole

primer f£ilm.

21. A painted ship's hull having:

* C L M S *



conposition further contains a thernoplastic resin. 13. The
.painting nmethod of an outside shell of a ship's hull as clained in claim
12, wherein the thernoplastic resinis at |east one resin selected froma
71 chlorinated polyolefin, an acrylic resin, a vinyl acetate resin, a
styrene resin and a vinyl chloride resin. 14. The painting net hod
of an outside shell of a ship's hul¥zas clained in claim 13, wherein the
vinyl chloride resin is a vinyl chloride/vinyl isobutyl ether copol yner.
15. The painting nethod of an outside shell of a ship's hull as claimed in
any one of clai rd BPRotan LYRM LROFY tFres Horheavy tdywey epuadying Pmineavy- dut y
coating co -ﬁﬁitiéﬂ;-gﬁntai S an al um num powder . 16. The painting
met hod of a tFHRELLRPT Hhe avhale rutside shekl phethe shimisninll

coat i s an urethape paint, an epoxy paint, an

wherein the, tgf)s('#fle top%
acrylic pai TREEFIAT I RRT R e fotbl EPPRIRAI 3R &iePR:EDoot t oppi ng t op
coat is an urethgne paint..an q$04¥<%9i§%& gg acrylic —paint, a chlorinated
ol yol efi n pai ntdrOaFPRP yhot T 7S redrobytal ?H?Qé}#ﬁﬂ%&qg £ilm
poly
applied on the primer film provided on (i) the bottom or
(ii) the bottom and the boot topping, and a topside top
coat film applied on the primer film provided on the
topside,
and optionally
a boot topping top coat film further applied on the

boot topping.

22. The painted ship's hull as claimed in any one of
claims 19 to 21, wherein the non-tar type epoxy resin
heavy-duty coating primer film further contains a

thermoplastic resin.

23. The painted ship's hull as claimed in claim 22,
wherein the thermoplastic resin is at least one resin
selected from a chlorinated polyolefin, an acrylic resin, a

vinyl acetate resin, a styrene resin and a vinyl chloride

resin.

24. The painted ship's hull as claimed in claim 23,
wherein the vinyl chloride resin is a vinyl chloride/vinyl

isobutyl ether copolymer.

T



17.."The painting method of an outside shell of a ship's hull as claimed in
.any one of claims 9 to 16, wherein the organotin-free hydrolyzable
antifouling paint contains a trialkylsilyl ester copol yner containing 20
to 65 % by weight of constituent units derived froma trialkylsilyl ester

of a polynerizabl e unsaturated 72
carboxylic acid and having a nunber -ayerage nol ecul ar weight (M) of 1,000
to 50, 000. 18. The painting nmethod of an outside shell of a ship's

hull as clainmed jn any one of clains 9 to .17, erein, the organotin-free
hydr ol yzabl e ant#]ou-l ) %’rrhrteA C%'Htpaiﬁwé"‘%?‘jl\/i"’r'?'y\I,\‘ﬂr‘ae‘érﬁﬁ1 i ARYC R™%n Or gani ¢
acid is linked. to at | t ane side.chain termmnal through a.netallic
ester |inkegeains 19" to 1 8F, whrein FIqHoR Gy 1R, TRy Febid

a non-tar

) AR A AT PR 2 o

the ship's om an oppl ng ip's hull
and an organotin-free hydrolyzable antifouling film applied on the
primer film 20. A painted ship's hull having:

26. The painted ship's hull as claimed in claim 21,
wherein the topside top_coat film is formed by applying an
urethane paint, an epoxy paint, an acrylic paint or a
chlorinated polyolefin paint, and the boot topping top coat
film is formed by applying an urethane paint, an epoxy
paint, an acrylic paint, a chlorinated polyolefin paint or

an organotin-free antifouling paint.

27. The painted ship's hull as claimed in any one of
claims 19 to 26,.wherein the organotin-free hydrolyzable
antifouling film contains a trialkylsilyl ester copolymer
containing 20 to 65 % by weight of constituent units
derived from a trialkylsilyl ester of a polymerizable
unsaturated carboxylic acid and having a number-average

molecular weight (Mn) of 1,000 to 50,060.

28. The painted ship's hull as claimed in any one of
claims 19 to 27, wherein the organotin-free hydrolyzable
antifouling film contains a vinyl resin in which an organic
acid is linked to at least one side chain terminal through

a metallic ester linkage.

I
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awon-tar type ep i.n heg ﬂduty coatlng primer fil.i*3DR &6
« whol e out si de shel I CLHull I ncluding a bottong? ’
and a topside, and | otln free hydrol yzabl e anji f oy

applied on the pri ed on (i) the bottom or t he bottom
and the boot topping out of the whol esgprinmer film 21. A painted
ship's hul| NGrAR TYPE EPOXY RESIN PAINT COMPOSITIONS, PAINTINGGMETHODS QF non-tar
type epoxy resi iyfapvy siiiiiG 6PaHTIbs: RuLAS 'ann! PAINTEDIHHISS" BLLde whol e

‘outside shell of the ship's hull including a bottom a boot topping and a
t opsi de, an organotin-free hygdpgtpaeabl e antifouling film applied on
the primer filmprovided on (i) the bottomor (ii) the bottom and the boot

on The’ 332. GehEE RS- 2R e ey P48 'Aeéfm‘;%%té‘%sﬁ' oo PGS i m
furth d th boot t Th t ed, shi hul
agrcl:rnegﬁPﬁgy%gﬁbﬁﬂg%ﬁrP%?%lﬂgp @g?bseaen%%e?%9¥ytﬁé o f%&s ;Besepgxy
resin heayy; it ¥, £ § 09856 1Ghe £ 1 L0 T 1LY h?n&?&éﬁépsc&np}{‘se{&@pi\ astic

resin.

polyamide or its modified product. The vinyl chloride
copolymer (b) is preferably a vinyl chloride/alkyl vinyl
ether copolymer. The heavy-duty coating film of the
invention is a film formed from the above-mentioned paint
composition. Thé paint composition shows excellent
performance as a heavy-duty coating composition employable
for all of the ship parts, such as an outside shell,
exposed deck, super structure, hold and ballast tank. If
the surface of the heavy-duty coating film (film of the
paint composition) 1s coated with organotin-free
hydrolyzable antifouling paints or various top coats,
excellent adhesive strength between the heavy-duty coating
film and other films can be provided. The painting method
of an outside shell of a ship's hull according to the
invention comprises the steps of coating (i) a bottom of a
ship's hull or (ii) a bottom and a boot topping of a ship's
hull with a non-tar type epoxy resin heavy-duty coating
composition as a primer to form a primer film, and then
further coating the surface of the primer film with an
organotin-free hydrolyzable antifouling paint. The above-
mentioned non-tar type epoxy resin paint composition is
favorable as the heavy-duty coating composition. In this
painting method, films having excellent anticorrosive

properties, weathering resistance and antifouling



- .
35.wThe pai nted ship's hull as clainmed in claim?22, wherein the
thernopl astic resin is at | east one resin selected fron1a chl ori nat ed
pol yol efin, an acrylic resin, a vinyl acetate ' ARSI |
vinyl chloride resin. 24. The painted 9 A
claim 23, wherein the vinyl chloride resin is g viny ﬂ*

i sobutyl ether copol yner. TR

The painted ship's hull as claimed in any one of clains 19 to 24, wher ei n

t he non-taérgggfagggﬁaﬁ 854 nfozg.@@(z %yf fdﬂﬁ?gci%sa' ns an al um num

powder pai nt S hu cl al inclaim?21,

wher ei n t hgrdppsbe, t@tﬁ)ecxf?é’éhédléﬁd %éégrﬁmm Q‘Rﬁ!t)érﬁgm%a%f Wil hane pai nt,
at pol yo

an epoxy paint, an acrylic paint or a chlorin efin paint, and
the boot topDhPing OPikeadnd fHédudsidratHY Ay i HuiHteldriadai nt, an
epoxy paint, an acrylic paint, a chlorinated polyolefin paint or an

or ganot i n-dn@eianddfantadgopsai i - the hygierdilc el ey ebrsiaink iy | as
claimed in any one of <clains 19 to 26, wherein the organotin-free

hydr ol yzabkerkans i dndl thg énviteaunrtals prétecdion si ITHe galigrterdpol yer

ship's hull of the invention has a non-tar type epoxy resin
heavy-duty coating primer film applied on (i) a bottom of
the ship's hull or (ii) a bottom and a boot topping of the
ship's hull and has an organotin-free hydrolyzable

antifouling film applied on the primer film.
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containing 20 to 65 % by weight of constituent units derived frédReEd |94 -}
trial’kylsilyl ester of a polynerizabl e unsaturated carboxylic acid aanoc(I
havi ng a nunber--average nolecular weight (M) of 1,000 to 50, 000.

28. The painted ship's hull as claimed in any one of <clains 19 to 27,
wherein the organotin-free hydrol yzabl e antifouling filmcontains a vinyl
resin in which an organic acid is linked to at |east one side chain
termnal through a netallic ester |inkage.

75 : ' ‘ _
NON-TAR TYPE EPOXY RESIN PAINT COMPOSITIONS, PAINTING METHODS
' OF OUTSIDE SHELLS OF SHIPS' HULLS AND PAINTED SHIPS' HULLS

ABSTRACT.

The non-tar type’ epoxy re51n paint comp051t1on comprises (a) a
blsphenol epoxy’ re51n, (b) a v1ny1 chloride copolymer and (c) a
hardener compr1s1ng a polyamide or its modlfled product.; The paint
composition shows excellent performance as a;heavy—duty coating _
composition enployable for all of the ship parts. The painting method
of .an outs1de shell of a sh1p s hull comprlses coating (1) a bottom of a
ship's hull or (ii) a bottom and a boot tOpping of a ship's hull with a
non-tar type epoxy resin heavy-duty coating composition as a_primer.toj )
form a primer.film,.and-then further coating the surface of the primer -
film with an organotin-free hydrolyzable antifouling paint. Therefore,
the method can accomplish shortening of the painting time and reduction
of the costs for paint storage and is advantageous in the hygienic
qualities for painting workers and the enyironmental protection nith_few

kinds of paints.

REPLACEMENT SIHEET.

CGFEB 1998 |




