918 Marine paint This invention relates to marine antl-foullng pal nts
enefal l'y used as top-coat paints for ships' hulls. The growth of narine

or’& nisns on the sub-marine parts of a ship's hull increases the fri.ctional
resi stance 55 of the hull to passage through water, |eading to increased
fuel consunption and/or a reduction in the speed of the. ship. Mar i ne
grom hg accunulate so rapidly that the renmedy of cleaning and
repainting as required is inpracti- cal. In general, the extent of
fouling is limted by 10 applying to the Eull a top-coat mc@@ﬂ)ﬁtr% %
anti-fouling agents. The anti-fouling agents are bioci des w =~ eed

fromthe surface of the paint over ag@%riin%d I_n %oncent rations lethal to

marine organi.sms on the hull's surfa nti-fouling paint fails
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freed from the surface of the paint over a period in
concentrations lethal to marine organisms on the hull's

surface. The 'anti-fouling paint fails only when the

15 concentration of biocide available at the paint surface

falls below the 1lethal concentrations, and with marine

paints up to two yearns of useful life can be expected.

The better anti-fouling paints are thus effective in

dealing with gross infestation of hulls for considerable

20 periods bdt a top-coat paint of a ship's sub-marine sur-

face has irregularities from its method of application

and is furthermore subject to breakdown and delamination

during service, increasing the roughness of the hull
SO that the performance of the ship falls off even when

25 fouling is prevented.

According to the present invention, a marine paint
comprises a film-forming copolymer which is a copolymer
containing 20 to 80 per cent by weight of units of a
quinolinyl or substituted quinolinyl ester of an olefin-

30 ically unsaturated carboxylic acid, the balance of the
copolymer being units of at least one olefinically unsat-
urated comonomer, and a metalliferous pigment which is
sparingly soluble in sea-water.

The paint of the present invention has the remarkable
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“.2- property that relatively noving sea-water snooths the surface of 1);

t he pai-nt, *renovi ng excrescences conposed of the paint. Wen it is painte

.0n a ship, the painted sub-marine surface of the ship at |east preserves

“its 5 initial snoothness and may beconme smoother during the ordinary

traffic-of ,the ship, leading to inproved effic- iency. Qur British

_patent speC|f|cat|on 1, 457,590 describes and clains a paint having this
rkabl e property and Figures 2A - -2D Fn2particul ar of the draw ngs 10
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palnt In service. The present invention provides a self-snoot
the paint of the present invention. The palnt described

and claimed in British patent specification 1,457,590
15 1is based on a film-forming copolymer containing units
| of a triorgano tin salt of an olefinically unsaturated
carboxylic acid. Upon. contact with sea-water it 1loses
triorgano tin ions by ion exchange with sea-water. This
generates a water-soluble resin which essentially is
20 a copolymer salt formed as a result of the depletion
in the copolymer organotin content and exchange with
metal ions present in sea-water. The smoothing of paint
described in British patent specification 1,457,590 is
thus inevitably accompanied by the release of organotin

25 1ions into the surrounding sea-water. In most circum-
stances this is useful, because the triorganb ‘tin ions
are effective anti-fouling agents. However, triorgano

tin ions are expensive to employ and are strongly biocidal
and there are 'some' circumstances where the release of

30 triorgano tin ions is preferably avoided or reduced whilst
still obtaining the benefits of smoothing of the paint'
in service. The present invention provides a self-smooth-
ing paint which does not release such strongly biocidal
ions.

35 The paint of the present invention generates a water-
' soluble residue by exchange of quinolinyl (or substituted



—

¥ng\pai nt which does not rel ease such strongly biocidal ions. 35 . The

qé& t of the present invention generates a water- soluble residue by ' °
ange of quinolinyl (or substituted  -3- quinolinyl) groups in the

pol ymer for netal ions present in the sea-water. The quinoliryl groups

are released into the sea-water. These are generally not toxic te aninmal _
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by weight of (a) units of a quinolinyl or substituted guino- 20 |1 nyl

ester of an t® &PeniiTantiqihsat ThafefancRepShpSed £, the PACrEOCHERT
cent 'by wei ghtatérébyhichta ship 1§i Digenp tonenedbhineéran ol efinically
unsaturated car- boxylic.acid, (a) and (b) together form ng 20-80 per cent
by wei ght of the copolyrmer, and the bal ance of the 25 copol yner being (c)
units. of atOl east obf ofesirédal | fhenstiilmafeomingonoopelymée quamol ahgd or
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preferably ] . )
unsaturated carboxylic acid and these units can replace
a part of the units of the quinolinyl (or substituted
quinolinyl) ester. '
15 The invention therefore also p'ro.'vides a marine paint:

which comprises a film-forming copolyméb and a metall-
iferous pigment which is sparingly sdluble in sea-water,
and in which the copolymer comprises 10-80 per cent by
weight of (a) units of a quinolinyl or substituted quino-

20 1linyl  ester of a'n-.olefinically unsaturated carboxylic
acid, up to 60 per cent 'by weight of (b) units of a
triorgano tin salt of an olefinically unsaturated car-
boxylic acid, (a) and (b) togethér forming 20-80 per
cent by weight of the copolymer, and the balance of the

25 copolymer being (c) units. of at least one olefinically
unsaturated comonomer. -

The 'quinolinyl or substituted quinolinyl ester of
an olefinically unsaturated-carbbxyl_i_c acid preferably
has the formula CHR' = CR-CO0-Q (I) where R is a hydrogen

30 atom or methyl g’roup; R' is hydrogén or ~-CO0Q 'ahd Q is - |
a 8-quinolinyl group' Optionally substitute'd' ny one or-
more alkyl or alkoxy groups having 1 to 4 carbon atoms,
halogen atoms, nitro, cyano or substituted acid amide
groups. Compounds of fofrﬁula (I) can be made by reaction



has the formula CHR = CR-COO-Q (I) where Ris a hydrogen 30 atom or

met hyl group, R

I's hydrogen or -COOQ and Qis a 8-quinolinyl group

pptional ly substituted By one or nore al kyl or al koxy groups having 1 to 4
carbon atons,
groups. Conpounds of formula (1) can be nmade by reaction 4 of the
carresponding 8-hydroxy quinoline wth acrylyl or nethacrylyl
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radi cal
yrate,_ v1ny1 chloride, styrene or vinyl pyridine.

The polymer can also contain monomer units conferring
increased'watep-reactivity, particularly when the polymer
contgins a relatively 1low proportion of monomer units
(a) or monomer units (a) and (b). For example, the poly-
mer can contain up to 20 per cent by weight of maleic

~or 1itaconic anhydride, acrylamide, methacrylamide or

N-vinyl pyrrolidone units or up to 5 per cent by weight,
preferably 2 pﬂ cent or less, of acrylic, methécrylic
or itaconic acid units. Care must be téken to avoid
gelation of the paint when using a copolymer containing

free acid monomer units.

The monomer units (b) are preferably of the formula

R;SnOOCCR' = CHR" where each R is an alkyl radical con-

taining 2 to 8 carbon atoms or an aryl or aralkyl radical,

‘R' is H or CH, and R" is H or -COOSnR, . The groups R

3 _ _
attached to the tin atom can be different but are prefer-

ably the same, for example R,Sn can be tributyl tin,
tripropyl tin, tribenzyl tin, triphenyl tin, tritolyl
tin or trihexyl tin. The carboxylate group -00CCR' =
CHR" is preferably acrylate, methacrylate or maleate.

If triorgano tin salt units are not present the
film-forming copolymer preferably comprises 20-60 per

cent by weight of the quinolinyl (or substituted quino-



Hor CH[err] and R" is H or -COOSnR3. The groups R attached.to the
fild /at om can be different but are prefer- ably the sanme, for exarple R Sn
be tributyl tin, 3 30 tripropyl- tin, tribenzyl  tin, triphenyl

tin, tritolyl tin or trihexyl tin. The carboxylate group - OOCCR =
CHR' is preferably acrylate, nethacrylate or maleate. If triorgano-tin salt
units are not present the filmforning cogoLymer preferably conprises 20-6Qy,-
per 35 cent by weight of the quinolinyl (or substituted quino- linyl)
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2-ethoxyethy| net h ut'yvl, ket o ut anol and/ or cycl ohexanone
or in agueous ﬁ% %1%#9 Qiﬁﬁﬁé%f @éﬁgﬁ&ﬁfﬁ%ﬁ?bn m xtures of xylene with
m nor anounts, for exanple up to 20 per cent by volune, of 2-ethoxyethanol,

2- et hoxyetfiyl acet o] t L gRbY et y en
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70-100[ err] C. W‘hﬁ aIqufYéTeé'@%lg}?enPnéSé‘r|ﬂ@1¥m§61§%Fé0ﬂn oguiltvmx@. may
al ternatively ggnélesxry bading & Suhshapktalduch as benzoyl peroxide or

azobisisobUtyronitrile "in an organic solvent such as

Xylene, toluene, butyl acetate, 2-ethoxyethanol, 2-meth-
15 oxyethanol, 2-ethoxyethyl acetate, methyl_iSObutyl ketone,

butanol and/or 'cyélohéxanone or in aqueous emulsion.

For solvent polymerisétion'ﬁixtures-of'xylene with minor

amounts, for eicample up to 20 per cent by volume, of

2-ethoxyethanol, 2-ethoxyethyl acetate or methyl isobutyl
20 ketone may be preferfed. Polymerisation is preferably
| carried out at a temperature in the range 70-100°C.

The metalliferous pigment sparingly soluble in sea-
water may alternatively bé described as a substantially
water-insoluble metalliferous pigment capable of reacting

25 with sea-water. It is exemplified by cuprous thiocyanate,
cupfous oxide,.zinc oxide, zinc chromate, cupric acetate
' metaarsenate, -and  zinc ethylene bis(dithiocarbamate).
These pigments produce water-soluble metal compounds
on reaction with sea-water so that the pigment particles -
30 do not surv1ve at the palnt surface. Preferably, the
sparlngly soluble pigment has a solubility in sea-water
of from about 1 to about 10 parts per million by weight.
The pigment has the effect of inducing the overall smooth-
ing which the relatively moving sea-water exerts on the
35 paiﬁt film; _minimising localised erosion and preferen-



Emater-inaoluble metal |i ferous pignment capable of reacting 25 wth ?Lé
sea-water. - It is’exenplified by cuprous thiocyanate, cuprous oxide, zinc

oxide, zinc chromate, cupric acetate metaarsenate, -and zinc ethylene

"bi s(dithiocarbamate). These pi gments produce water-sol ubl e netal conpounds

on reaction with sea-water so that the pignment particles 30 do not survive
the paint surface. Preferably, the sparingly soluble pignent has a
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t he paint, but prefe ly us r rti L es 0 per
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ide. uch 1gh Y insoluble pigments can be used in

proportions up to 40 per cent by weight of the total

pigment - component of the paint, but preferably are used

15 in proportions of less than 20 per cent by weight. The

highly insoluble pigment has the effect of retarding

the dissolution of the paint.

The proportion of pigment to copolymer is preferably
such as to give a pigment volume concentration which
20 is above 25 Eﬂ cent in the dry paint film but below
the critical pigment volume concentrétion; most preferably
the pigment volume concentration is 35-50 per cent.

Polymers' containing the quinolinyl (or substituted
quinolinyl) ester may be somewhat brittle, particularly

25 those containing a high proportion of a quinolinyl meth-
acrylate. The paints according to the invention may
therefore include a plasticiser, for example tritolyl
phosphate, diisooctyl phthalate, tributyl phosphate,
butyl benzyl phthalate, 'Lutenal A25' polyether or dibutyl

30 tartrate. Alternatively, the olefinically unsaturated
comonomer can be chosen to reduce the brittleness of
the copolymer. Examples of comonomers which reduce

brittleness are alkyl acrylates containing three or more
carbon atoms in the alkyl group, for example butyl acryl-



e ritic' al pigment vol ume concentration; nost preferably the pi gnent
P concentration is 35-50 per cent. PoI ymer s cont ai ni ng t he qui nol'i nyl
bstituted quinolinyl) ester may be sonmewhat brittle,  particularly 25

g containing a high proportion of a quinolinyl neth- acrylate. The-
paints according to the invention may therefore include a plasttciser, _
for exanple tritolyl phosphate, di i soott¥l= phthal ate, tributyl -
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The hydr ophobi cﬁ‘lu:.d DC5%50 sold by Dow Corning Ltd., chlorinated diphenyl,
for example Arocléri_ﬂl’254 sold by Monsaénta)Ltd., chlorin-
15 ated paraffin wax, for example Cereclor] 48 and Cereclor
70 sold by I.C.I. Ltd., diphenyl ether, dichlorodiphenyl-
trichlorocethane na% low '.moliecula:r. wei.ght. polybutenes,
for example HyvisLOS sold by B.P. Ltd. The hydrophobic
organic retarder, for example chlorinated diphenyl or
.20 chlorinated paraffin wax, may also be a plasticiser for
the paint.

"Many of the sparingly'Sea-water soluble metalliferous
pigments have some biocidal activity, particularly zinc
ethylene bis(dithiocarbamate) and copper compounds such

25 as cuiprous thiocyanate, cupric acetate metaarsenate and
cuprous oxide but also zinc oxide to a lesser extent.
Even when the c¢opolymer contains no- triorgano tin salt
units (b), the biocidal effect of the sparlngly sea-water-
soluble pigments, partlcularly zinc ethylene bis(dithio-

30 carbamate) and euprous oxide, may be sufficient so that
the paint needs no further biocide, for example in the
case of paint for use on {:he flat bottom of very large
tankers, where fouling is less likely to occur. We
believe that the self-smoothlng actlon' of the paint |

35 increases its resistance to fouling compared to a conven-'



*organic retarder, - for exanple chlorinated diphenyl or 20 chlorlnated
paraffi-n wax, may also be a plasticiser for the paint. Many of the
.sparingly sea-water. soluble netalliferous pignments have some biocida
‘activity, particularly zinc ethylene bi s(di t hi ocarbamate) and copper
conpounds such 25 as cuprous thiocyanate, cupric acetate netaarsenate and
cuprous oxide but also zinc oxide to a | esser extent. Even when the
ogﬁolyner contains no triorgano tin salt «urdts (b), the biocidal effect of
the sparingly sea-water- soluble pignments, particularly zinc ethylene

bi s(dithio- 30 tienmamlmpelintamelrgaing bixpdédem@t beheuskme atataso t ARds

the paint needs {f?éé%tp rm@k@crgﬁkeﬁOhl%ﬁaqﬂk%ebﬁlhﬁer%ﬁ%eoqfdﬁ%b@ﬁu&@bn
use on the flat ttomof very large tankers where™ fouling is less

likely to occurof the B#ifnteve that the self-snmoothing action of the
paint: 35 increases |ts resi stance to fouling conpared to a conven- - 8-
tional paint releasi bi oci.de at _t he SA0e ate hi, s effec

marked wi th increasi ng ' afé&? ft dlcggol%?ﬁlo?‘ll f %nheagg %t bl‘ﬂ1e pai ﬁtfggénlve

contain an acﬁdechgﬁiotsmeseaiteedl aids barradkis seaddddrganobdrinacsabts and
Triorgano tin sgfy des %Pfﬁ‘hé‘ﬁyi’éiﬁhfi‘é{h}i& f't'?ibﬁ&}:lt i RUEYLoELN

fluor- ide, trlbuty t|n I br onobsuccl nat e fln ch
triphenyltin hydSe de il it ﬂlﬁrﬁ"&ﬁuﬁélﬁl@éeef fté’éPb%‘YllrﬁFPnEhEPBéFiﬁes

and can be usedﬂﬂlgﬁ@ﬂyxtﬁﬁnnya$d&gdboah@ t&hgutyuteatbﬂﬂde aaétecybathVe _
where the pol yner contains. no nmononer née é %$ pai nt .accordin ihe
pi t d

i nventi on conpnmﬁqﬁ? PIACHIRE BHA negn l§u@ﬁ%¥§§nﬁﬁ?ﬁ£
and a smal | 10r opptiet | dnvehtaohy i aeticuliariyal whewp tth&5 pedlymsent coptabhane

based on the pi gRedndidr i f8V6o) 31 ' BU1he9acBBHatRROLE' BHePERDERLLSH
a comprising a tin-free polymer, a pigment such as cuprous

¢xide and a small propbrtion of a triorgano tin salt
(up to 25 per cent by volume based on the pigment) may

15 have antifouling and smoothing. properties equal to an
organo tin copolymer paint of much higher total organco
tin content. Alternatively a mixture of organo tin-free
and organo tin-containing polymers can be used.

In some cases it will be desired to avoid completely
20 the release of triorgano tin ions. Examples of other
biocides effective as antifouling agents are dithiocarba-
mate derivatives such as cuprous ethylene bis(dithiocarba-
mate) or 2-(N,N-dimethyl - thiocarbamyl thio)-5-nitro
-— ——-+thiazole, substituted isothiazolones -particularly halo-
25 genated N-substituted isothiazolones, tetramethyl thiuram
disulphide and dichlorodiphenyltrichloroethane (which

also acts as a hydrophobic organic retarder).

The invention is illustrated by the following
Examples:-

30 o Example 1
Preparation of 8-Quinolinyl Acrylate

8-Hydroxyquinoline (58.0 g : 0.40 mole) was dissolved
in a mixture of toluene (500 ml) and triethylamine



no tin copolyner paint of nmuch higher total organo tin content. .
Algl rnatively a mxture of organo tin-free and organo tin-containing

dol mers can be used. In some cases it will be desired to -avoid conpletely ,
“the release of triorgano tin ions. 'Exanples of other biocides

effective as antifouling agents are dithiocarba- mate derivatives such as_

cuprous ethyl ene bis(dithiocarba- mate) or 2- (N, N-di net hyl "

t hi ocar banyl t hi o) - 5 nitro thiazole, - SUbstituted isothi azol ones

-particularly - genated N-substitute |.o etra h

thluran1d|squE2L gand ghWﬁP& |pheé§r¥?¥thbBS§Pﬁ§ gch a 5%!

acts as a hydrrmqnlmbl cwas gaadd‘ed etsdmdﬂw), Whélenvehiroings |1trhejstrr%ﬁcddday

the follow ng | end RILRA L] on

of 8- Qui nolinyl cry‘?ﬁfe 8- Ergoxke |rno rll%eer(gg 8 hTe) wasl

di ssol ved in a¥&8 xtampletet eri'é“( 3s aﬁﬁll{‘{f‘?gt ﬁyF‘a#PHéhef‘ lohourr 4 g
; 0.41 mol g) . frheACéaiutlmlaasdehéSSmeerea %ma@néﬁas:laﬂﬂ@ sJ1AM 16

while stirring he react.i o) erature e|n un When
the a1 on G5 BERLER: YdRosAT caeounats: R, ales "B fee S bl el
The sol ution vasl ¢ herarid | tfired Jand tkees hetd idrte a]sayart | evasof d&ﬁ@cumwnh
hydr ogen car bq |1 Y. wat nl n

t ol uene Iayeékﬁg?ﬂ%hgmégalaﬁh%ﬁ%ﬁh#hn& so&é%né% ﬁ%ﬂ? WLE %4%? uene
was evapor at eceffl fuaingg s rotary evaporater uadder| dwv»prmmare- Tﬁ’@elo
solution vas dotlitildh awasf r18PEaler averdtaife ARt NOveRiGrOr SR Wik

filtered off. his was 1 dentified by infra-"red and N gectroscopy
and . m croanal F§’|1§dt of pEME q ol fh%er%Grﬂfaﬂt- Th\"lsel"tﬁﬂ81€e§ ifsedpby

cent of the t He@rei-ired ¥h@l N.M.R. spectroscopy and microanalysis to
be 8-quinolinyl acrylate. Yield 48.6 g (61 per cent
of the theoretical yield).

15 . It'was recrystalliséd from toluene to give crystals
With mopo : 50-52°C-

Conlymerlsatlon

8- Qulnollnyl acrylate (12.3 g ; 0.054 mole) was

dissolved in cyclohexanone (63 g). Butyl acrylate (28.7

20 g ; 0.224 mole) was added, followed by azobisisobutyro-

nitrile (1.0 g). The solution was heated to 75°C and

the polymerisation reaction was conducted with stiring

at this temperature. A mild exotherm was observed in

the first 15 minutes of the‘ reaction. The course of

25 'the polymerisation was followed by observingrthe change

in the refractive index. No further change was observed

after 5 hours and the solutlon was heated to 100°C for

a2 period of 30 minutes to destroy any residual activity

of the azobisisobutyronitrile.'iThe product was a solution

30 of a 30:70 by weight copolymer of 8-quinolinyl acrylate
and bhtyl acrylate.

Paint Preparation

64.3 g of ‘the quinolinyl acrylate butyl acrylate
copolymer solution was diluted with 20.3 g cyclohexanone



15 It was recrystallised fromtoluene to give crystals with mp. :
50-52Terr] C. Copol ynerisation 8-Quinolinyl acrylate (12.3 g ; 0.054
mol e) was dissolved in'cycl ohexanone (63 g). Butyl acrylate (28.7 20 g ;

0. 224 nol e) was added, followed by azobi-sisobutyro- nitrile (1.0 g). The
solution was heated to 75[err]C and the polynerisation reaction was
cquucted wth stiring at this tenperature. A mld exot herm was

obServed in the first; 15 minutes of the ¥Qattion.. The course of 25 the

pol yneri sati on was foll owed by observigg %he change.in the r fract#v§.
index. No furtH&t 8h%RgB4nds Bh&&r v2d<3rPerREE nEERL DYy Yt Gr 13k BRs
heated to 1000C fii's awRel | AUxe8 30ith nutiew: t oxdeet r §7aby glksiahdal Aacvsvi (RyM)
of the azobisisobutyropitrile. T rqdu o] .QE of a 30:70 by
wei ght copolynefé%lﬁi i P digygit%kgﬁgﬁégfélBg%?gFéﬁgf Pai nt
Preparation 64.3 g of the quinolinyl acrylate butyl acrylate copol yner
solution was dil utedmy.t : EXRPN : ot t Ve 8énbeftphi-a
29.5 per cent by wei élme &)%g??o%p%%kghms m geglv%mgeﬁltziﬁ% ide (67.5 Q)
and Aerosi | (ATMtiesl [@f daP el Gentl. and) a5 8@ 1ids SPdedtni t371é%‘lp5?-az:
obt ai ned had a pjygR®llumeql une concentra- 5 tion of 35 per cent and a solids
content of 37 per cent: by volune. Exanple 2 Copolyne risat ion
8-Quinolinyl acrylate prepared as described in 10 Exanple 1 (16.4 g ;
0.072 nol e) was dissolved in cycl o- heEaampte @63 Q). Butyl acrylate
(24.6 g ; 0.192 nole) was added, followed by azobisisobutyronitrile (1.0
g). Copolymerisation

8-Quinolinyl acrylate prépared as described in

10 Example 1 (16.4 g ; 0.072 mole) was dissolved in cyclo-

hexanone (63 g). Butyl acrylate (24.6 g ; 0.192 mole)

was added, followed by azobisisobutyronitrile (1.0 g).

The solution was heated to 75°C and the polymerisation

reaction was conducted as described in Example ;. The

15 product was a solution of a 40:60 by weight copolymer
of 8-quinolinyl acrylate and butyl acrylate.

Paint Preparation

66.7 g of the quinolinyl acrylate butyl acrylate

copolymer solution was diluted with 18.7 g cyclohexanone

20 to give 85.4 g of a 30.1 per cent by weight solution.

This was mixed with zinc oxide (67.5 g) and Aerosil
colloidal silica (1.3 g) and milled overnight.

The paint obtained had a pigment volume concentra-
tion of 35 per cent and a solids content of 37 per cent
25 by volume. | |

The smoothing performance of paints in relatively .
moving sea-water can be tested in the apparatus described
in British patent specification 1,457,590 with reference
to Figures 7A and 7B. A mild steel disc 31 having a

30 diameter of 23 cm is coated overall with a conventional
anti-corrosive paint and overcoated in radial stripes



olution was heated to 75[err]C and the pol ynerisation reaction was
dyct ed as described in Exanple 1. The 15 product was a solution of a

: by wei ght copol ymer of 8-quinolinyl acrylate and butyl acrylate.

t Preparation 66.7 g of the quinolinyl acrylate butyl acrylate

copol yner solution was diluted with 18.7 g cycl ohexanone 20 to give 85.4 ¢_
of a 30.1 per cent by weight solution. .Thijs-was m xed with zinc oxide (67.&" -
g) and Aerosil colloidal silica (1.3 g) and mlled overnight. The paint

obt ai ned Pag7aw9i:i§1”ﬂﬂie \égthEsch.rTﬁ:estﬂ.on 01_fhe35sme?peentaﬁ@dfaq;@qlédis
content o er cent 25 by volune. e, snoot hi erforpance of paints in
rel atively m)\/t%ﬁg 35 LN %‘r“y{:%‘ﬁ& bE8PPEAFEEOF ?cpféor}%ﬁgaigt d%%d’esslcﬁ' i ﬁeca}'lllqﬂ‘
British patent2@pechidkatwen thiddhedD) i th reference to Figures 7A and 7B.
A mld steel disc 31 having a 30 dianeter of 23 cmis coated overall wth
a conventional anti-corrosive paint: and overcoated in radial stripes

with the paints und&te tdisic is Tmmensedhdd FHlowigis isar-Wa te s s ficdiated
appl i cat or sadapt ef gAY shddd BLYB tHdds . (Wet thickness). Tne disc is

imersed in flow ng sea-water and rotated 5 at a peripheral speed of 33
knots. During this test the paint filns under test are planed away,
eventual |y to the edrenigtidist heestdethyi npasnbstftidims (uhdeanttesor raas ve

paint) is revealed.. There | S riatd [ t hi .of the
ai nt’ 10 11 E il M 4 PpBbIELEy ERT EhE el chad i BEITY e
suddenl y vani stbstrate nttkasangi-pooposiven paiintk his sopyeaied. i Fhere
reveal ed overjg thiGays YRR t§8rsHRSLAALS, | Ené CUSAICKh QL o SOLRE" a8t Of
the area %f the stripe it -1s a good approximation to say that the paint
film O film within each stripe so that the stripe of paint does

not . suddenly vanish; an increasing proportion of the

substrate 1is revealed over time. When the substrate

is revealed over 50 per cent of the area of the stripe

it _is a good approximation to say that the paint film

15 in the stripe has lost by planing the original average
dry thickness of the paint film" in the stripe. The time’

50

in days to achieve this ("D ") is a measure of the rate

of planing of the paint in relatively moving sea-water.

The surface of the paint film in each stripe should
20 be examined during the test to note whether it is smooth
and firm. Paint'films according to the invention which
at least retain their initial smoothness_muét'be distin-
guished from paint'films which are removed over at least
a portion of the stripe by flaking or localised erosion:

25 causing roughening or by separation from the disc.

The above test can be used to give an absolute rate
of planing of the paint film, but the temperatdre, compo-
sition and flow rate of the sea-water can affect the

_ résult.: The test is preferably used as a compariscn
30 in which one of thé stripes paintéd on the disc is an
anti-fouling paint known to have the desired rate of
dissolutidn in relatively moving sea-water. The paint
described in Example 1 of British patent specification



15 in the stripe has |lost by planing the original average dry thickness off -
the paint film in the stripe. The tine in days to achieve this ("D50") i$7
a measure of the rate of planing of the paint in relatively noving '
sea-water. The surface of the paint filmin each stripe should 20 be

exam ned during the test to note whether it is snmooth and firm Pai nt
. fil.s according to the invention which at least retain their initial

snovot hness nmust be distin- guished frompaldt-filnms which are renoved over
at least a portion of the stripe by flaking or |ocalised erosion 25 causing
rougheni ng or byl t¥ar@Q,0nusing clopodiyaer The ango\30 t pEr CaRthdsHaight

gi ve an absol ut ealr@h%z%lra g Oérfémc%éltnédé mbx&gat%teﬁm@ra&ﬂéﬁm

conpo- sition-and flow rat the sea-water can affect the result.
test is preferddy ‘E@%’EF’&% afcd‘l‘i‘ﬁar‘iwwr n $ihBcPaghd Hhide ’%‘f?lB‘é%“
pai nted on the dicimd stan b%nt$ué©¢lé$ﬂgl panntudrenown tenitey eihhesedesizeedanat e

of dissoluti I n reI ativ, MOV sea-wa h nt described in
Exanpl e 1 of Q%r i3 sﬁJ ﬁf%p@cﬁe?%é?f‘gﬁ s EE % Sgge usi ng :
copol ymer C and 30 per cent by wei ght di chl or odi phenyl tr| chI oroet hane

based on ‘the ofgaRo §iQecQeNp ahablR GRRALNITEL, dihelal BhchicEh bR

been found to be success In usSe On shi-ps In rvice an can be used

as a reference PRANTS |¢1ft8§?§1P1Asdilsca%sgpr@g§’f9re%l ﬁ59%5352°§t e sakad

of the paints olgeléaiBlas phidid ot Mn;?létil@ﬁsaﬁitigﬁ pho¥Rt depe¢ibesla-
- pai nt of Exarrpl ri tégg patent specifica- tion 1,457,590. 10
t

.1 of ?
Al the paints Pé‘ dnédary o0 be planed away during. rotatlon I n
Sea-wat er. The stripes of paint according to Exanple 1 of British patent

;gfg"tflcat'% 1,457, 399 RRLNU3H:E 80 8bsipvdaYEo ve TBEaldl Afgy Chubly
rotation in sea-water. The stripes of paint according

to Example 1 of British patent specification 1,457,590
both had a D50 of 12 days. The stripes of the paint

of Example 1 of the present applicatioh had a DE’o of

15 15 and 16 days and the stripes 'of the paint of Example
2 both had a DSO of 16 days. These results indicate

a rate of dissolution in relatively moving sea-water
which would be sufficient to give appreci'abl.e smoothing

of the paint film without its being dissolved away too

20 fast and compatible with the release of sufficient of
an added biocide without forming a leached _inact_ive outer

layer of paint.

Examgle 3

48.9 g of the copolymer. solution prepared in the
25 copolymerisation stage of Example 1 was mixed with 20.9
g 21nc oxide, 22.2 g cuprous oxide, 0.8 g Aero.suL)l 5
-4 bentomte, 0.5 g n-butanol and 8.0 g cyclohexanone
and milled overnight to produce a paint of pigment volume
concentration 35 per g_gﬁ and solids content 38 per cent

30 by volume.

The paints of Examples 1 and 3 were both applied
to a test panel. The panels were fixed to the bilge
keel of a ferry operating in the Mediterranean. The
panels were examined after 14 months in service, including



anple 1 of the present application had a D50 of 15 15 and 16 days and
tripes of the paint of Exanple 2 both had a D of 16 days. ' These

ts indicate a rate of dissolutien in relatively noving sea-water which g4
d be sufficient to give appreci able snoothing of the paint,filmw thout
its being dissolved away too 20 fast and conpatible with the rel ease of
sufficient of an added bioci de w thout faoranng a | eached inactive outer -’
| ayer of paint. Exanple 3 48.9 g of the copolyner. solution prepared in the
25 copol yneri sat monthsaga ehiExamhkeeférngswasxddidi th 20. fhg Medttexrder
22.2 ¢ cuprous oxi de, g [ [

n-but anol  and® ﬁ A;ggoh%§§%§§9k2%§¥%%F|é %ﬁgér?ﬂyﬁﬂlég%e %hﬁecggb%d t

of pi gnent voluwéhc@wdéﬁwﬂﬂmﬂﬂ1HﬁimkrSb@ﬂ§daN@nmﬂhaﬁyxxwﬂﬁﬂna@$ aeimabnt
30 by vol une. }gglgagnts of Exanples 1 and 3 were both applied to a test
panel . The panels Wwere fixed to the bilge keel of a ferry operating in

t he Mediterranean. The panel s were exam ned after 14 nonths in service,
including 5 -13- ZTHBntﬂHidtn vhi Exdnpa & el r whikh |(&’bﬁ|talmédil e biocide
Medi t erran- ean, geas around t€ teittganels. |ch gt cqp P with
antifoul i ng pafRETEnDHRT €8Py R¥AYS HEdtARSARP? 'Fe’r’ouTu?n"ée 510

pai nt of Exanpbp Iseshiechl candainvedadive béoti éd galarslimem alrt&:xoughdetmmt he
copol ynmer, sh | mgﬁg a adh

al t hough thergwﬁgsgggﬁe # % %@ﬁ e mggﬁ@g ﬁfﬁgémg#%@ a%%l d%ﬁ"l
be suscepti bl et® obﬁaﬁysﬁﬁpmmﬁl & manys eadrine M@W%Cﬁu@ilﬁ% Cupr¢is
ethylene phs(ghkidé ocaiiqwme&)nywnetr'ba*sqraxlthtlb@afﬂbwalr@q agg acSiphdnyl

amount of one Of tl}%%%rg%lé and a small amount of one of these could
be added to_the paint to boost its resistance to animal
fouling.) The paint of Example 1 was smoothed away from
the panel at 5 microns per month which is about the ideal
15 rate to obtain a decrease in roughness of the paint film
without wusing up the paint too fast; the commercially
successful self-polishing organo tin copolymer 'paint
used on the hull of the ship was smoothed away at 6
microns per month.

20 The paint of Examble 3 showed no weed or animal
fouling and'only a little algal slime. This paint was
smoothed away at 1 to 2 microns per month; this may be
rather slow to obtain any significant decrease in rough-

ness.

25 _ : Example 4

8-qu1nollnyl acrylate (12.3 g) and methyl methacryl-
ate (28.7 g) were copolymer1sed under the conditions
described in Example 1 to prepare a 39 ggg cent by weight
solution of a 30:70 by weight copolymer of 8-quinolinyl
730 ‘acrylate and methyl methacrylate. 48.9 g of the copolymer
solution was milled with 41.1 g zinc oxide, 0.8 g Aer051§?
1.5 g_benton;te, 0.5 g n—butanol and 8.0 g cyclohexanone
to _produéé a paint of plgment volume cqncentratlon 35

per gggﬁ and solids content 38 per cent by volume.

-



e added fo the paint to boost its resistance to aninmal fouling.) The
e 1 was snoothed away fromthe panel at 5 mcrons per nonth
the ideal 15 rate to obtain a decrease in roughness of the

pai nt* of Exanpl
which is about

“paint filmwthout using up the paint too fast;
organo tin copolymer paint used on the hull of the ship was.

sel f-polishing

sfmbt hed away at 6 m crons per nonth. 20 The paint of Exanple 3
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15

20

25

30

i ci ser. Example 6
18.45 g 8-quinolinyl methacrylate was copolymerised

with 22.55 g methyl methacrylate using the conditions
described in Example 1 to produce a 39 per cent by weight
solution of a 45:55 by weight copolymer of 8-quinolinyl
methacrylate and methyl methacrylate. A paint was pre-
pared from the copolymer solution using .the procedure
of Example 5, including the plasticising by tritolyl
phosphate. |

Example 7

24.6 g 7-bromo-5-chloro-quinclinyl-8 acrylate was
copolymerised with 16.4 g methyl methacrylate using the
conditions of Example 1 to produce a 39 per cent by weight
solution of a 60:40 by weight copolymer of 7-bromo-5-
chloro-quinolinyl-8 acrylate and methyl methacrylate.

the procedure of Example 4.

The smoothing perfbrmance of the paints of Examples
4 to 7 was tested using the test apparatus described
in British patent specification 1,457,590 with reference
to Figures 7A and 7B. The paints of Examples 4 to 7
were tested by comparison with a commercially successful
organo tin copolymer paint. The results obtained were
as follows:- '

A

anpl e 4 except that 18

A pé.int was prepared from .the copolymer solution using.

(7



Exanpl e 6 18.45 g 8-quinolinyl nmethacrylate was
lfymerised with 22.55 g nmethyl nethacrylate using the conditions °
seribed in Exanple 1 to produce a 39 per cent by wei‘ght solution of a
45:55 by wei ght copol yner of 8-quinolinyl 15 nethacrylate and.nethyl

met hacryl at e. A paint was pre- pared fromthe copol ymer sol ution-using

the procedure of Exanple 5, includi Prngt ke plasticising by tr| t ol yI J
phosphat e. Exanple 7 20 24. 6 g - br ono- 554 hl or o- qU| noI | nyI :
acrylate was copolynerised with 16.4 @VYRI38E Lipi haeddod \urauig)l 2S )
conditions of Exanple 1 to produce a 39 er cen by WEI ght sol ut| on of a

60: 40 by wei ghtady ngcﬂﬁ/rﬁ?‘?alﬂﬂlei %r ono- 5-3THYD- o9hyl -8 acryl ate and

met hyl t HEt hacry%ﬁie .02 Exdnrd 1B W_a}ﬁ prm)adzﬁsb f(rcﬁm% ftmecmagm{aﬁﬂwd)?n
using the progedure e s in ormance 0 e pal '
of Exanpl es 4 v%’Is f@% Bi ng thefq)e‘i‘}y% %ﬁf ROG S HIRR FHRE Cr)tl sh
patent sped f |Rmitnt)rbﬂ ,EbammpBIs0 7 t h refméncrhay&ﬂ (14, RiZures 7A and 7B.

The paints of pwere tested by conparison with a conmercially
successful or@}%&%ﬁ mer paint. 18 Tays dsifl i sl&bt2ndd wedie as

foll ows verage D50 (I ndi vi dual readi ngs) Paint of Exanple 4

35 days (31 39)- Paint of Exanple 20 days (only one strlg
appl i ed) Paint of Etghppaipts of ExPA"R)‘e%ﬁs tofis dneldi rhpd #preed) of

_ Z’al nt((ig Eigmdl%sz)lutlon silwifarlays (A4t &%) theMBmmierc iRl Paint which 18
ays

7 Th | 4 to 7 f
di ssol ution sty # % eEp ¢ ‘é&‘:%§gﬁﬁgi or’ﬁﬁ.?% %% o (a (%m cﬁndlcaglggr%‘e >

10 these paints would give appreciable smoothing of the
paint film in service without its being dissolved away
too fast.




“has been successfully used in service,- -indicating that 10 these pai nt )/ﬁ;

‘woul d gi've appreciable snoothing min service wt hout -

Jdts being dissolved away too fast. nl!l! memm ]“' A marine paint .

conpri si ng a filmform ng copoly lcchii swa €opol ymer containing 20 t

80 per cent, by melght of unlts of a quinolinyl or substituted qU|no-,I|nyI
ster of an olefinically wunsaturated carboxylic 5 acid, the bal ance of
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2. A marine paint according to claim 1 in which
10 the copolymer comprises 20 to 60 Eér cent by weight of
the quinolinyl ester units.

3. A marine paint comprising a film-forming copoly-
‘mer and a metalliferous pigment which is sparingly soluble
in sea-water, in which the copolymer comprises 10 to
15 80 per cent by weight of units (a) of a quinolinyl or
substituted quinoli.nyl ester of an olefinically unsatur-
ated carboxylic acid, up to 60 per cent by weight of
units (b) of a triorgano tin salt of an olefinically
unsaturated carboxylic acid, the wunits (a) and (b)
20 together forming 20 to -80'u cent by weight of the
copolymer and the balance of the copolymer being units

of at least one oleflnlcallj unsaturated comonomer.

4, A marine paint according to claim 3 in which
the copolymer comprises from 15 to 40 per _<_:_é_r_11:_ by weight
25 of (a), from 20 to 45 B_e;r cent by weight of (b) and from .
30 to 50 per cent by weight of units of at least one
alkyl acrylate or methacrylate.

5. A marine paint according to any of claims 1
to 4 in which the qu"inolinyl ester units are 8-quinolinyl

30 acrylate units.

6. A marine paint according to any of claims 1
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mari ne paint accordbng to claim1 or claim15 3 and substantially as

described in any of

to any of Cga'§§r}159elgster.
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8. A marine paint "according_ to any of claims 1
to 7 in which the metalliferous pigment is a mixture
of zinc oxide with cuprous oxide, cuprous 'thiocyanate
.or zinc ethylene bis(dithiocarbamaté).

9. A marine paint acording to claim 7 in which
the metalliferous pigment is a mixture of zinc oxide
with cuprous oxide or cuprous thiocyanate in a ratio
of 1:1 to 9:1 by weight.

10. A marine paint according to claim 1 or claim
3 and substantlally as descrlbed in any of the foregoing
Examples.

11. A ship at least part of the sub-mafine surface’
of which has been palnted with a marine paint according
to any of claims 1 to 10. '
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