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of polyneric binders containing carboxylic ester
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[0003] The prior art teaches that traces of water and acid are causes of stability
problems in triorganotin antifoulant coatings. Protic functionality is primarily
considered to be the cause of stability problems with silyl acrylate binders. Protic
functionality is defined here as any molecule containing a positively polarized
reactive proton. Examples are trace acid or water. Trace acid is defined here as
hydrolyzed residual monomer and/or pendant acid groups on the polymer backbone
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cationi ¢ pendant groups on the polynmer backbone
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Patents Numbers 6,458,878; 6,172,132 and 6,110,990 describe the use of anhydrous
gypsum (CaSQy), synthetic zeolites such as molecular sieves, orthoesters such as
methyl orthoformate and methyl orthoacetate, orthoboric esters, silicates, and

isocyanates.



water is a reversible (equilibrium process. Thus,
while the majority of the water is bound, sone anount
is always available to the system for hydrolysis of
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conpositions containing
pol ynmers havi ng hydrolyzable carboxylic ester groups.
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stabilizers for polymers containing hydrolyzable carboxylic acid groups. These novel
stabilizers include triorgano phosphites, triorgano amines, heteroaromatic nitrogen
compounds, isocyanates, and carbodiimides. These stabilizers are useful in
stabilizing both the binder and formulations containing the binder, such as marine
antifoulant coatings.



ni trogen conpounds, carbodiim des, and m xtures
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as effective stabilizers to inhibit the viscosity
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30Y$[21Rs invention discloses triorgano phosphites, triorgano amines,
heteroaromatic nitrogen compounds, and carbodiimides as effective stabilizers to
inhibit the viscosity increase of hydrolyzable organic binders and their formulated

coatings, especially marine antifoulant paints and coatings.
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[0019] By a “hydrolyzable binder”, as used herein, is meant that the copolymer binder
may undergo hydrolysis to form an acid including but not limited to, -COOH, and
other acid functional groups such as -SOsH, -H,POs. The hydrolysis may be
catalyzed by the presence of metals found as common additives in coating

compositions.
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[0022] The acrylic monomex(s) are copolymerized with one or more non-acrylic
ethylenically upsaturated monomers, The properties of the copolymer can be tailored
by the choice and ratio of comonomer(s). It is possible to adjust the hiydrophilic or
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O MX M= Zn, Cu X= anion [0024] In a preferred
enbodi nent, the acrylic polyner is an organosilyl
(et h)acryl ate pol ymer contai ni ng hydrol yzabl e
organosi |yl ester groups. Especially preferred are

triarylsilyl (meth)acryl ate-containing copol yners.
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pol yneri zati on nmet hods wel | - known and wi del y
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fromthe copolyner, /it is advantageous to dilute the
copolynmer with an ovrganic solvent to obtain a pol yner
sol ution having a c®hveni ent viscosity. For this, it
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met hod or bul k poﬁ§neriza?fg%?k#éthod. [0027] Exanpl es
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! Siphenylmethylsilyl(meth)acrylate, phenyldimethylsilyl(meth)acrylate,
triisopropylsilyll (meth)acrylate and tributylsilyl(meth)acrylate.

[0025] The acrylic polymer binder of the present invention is prepared by
polymerizing the acrylic monomer(s) with one or more ethylenically unsaturated non-
acrylic monomers that are copolymeﬁzable therewith. Specific monomers have been
discovered to be useful in synthesizing terpolymers or higher polymers of the present
invention to provide & polymer with improved properties such as film flexibility and
crack resistance, while retaining acceptable water erodibility. '



conmbi nation. [0028] The desirable nol ecul ar wei ght of

the acrylate copolyner is in the range of from 1, 000
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triorgano phosphites useful as stabilizers include,

but are not limted to, triethylphosphite,
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is desirable to regulate the solid content of the polymer solution to a value in the range
of from 5 to 90% by weight, desirably from 15 to 85% by weight.

[0029] Four types of compounds have been identified as effective stabilizers of
hydrolyzable organic polymer binders, and especially for sily(meth)acrylate polymers,
and coatings. These compounds are (1) triorgano phosphites, (2) triorgano amines,



[ 00321 Heteroaromatic am nes of the invention are

am nes containing a 5-6 nenbered ring containing a
nitrogen atom Exanples of heteroaromatic am nes

useful as stabilizers include, but are not limted to
pyridine, 1,2 4-triazole, 1,3,5- triazine. A preferred
Hé?é?"éﬁ?%fpati c am ne is pyri di ne and its deri YEFP§RE015724

yl yr e
éx&c} PI tu eggpyrl g - mat aggrl djll f%%%l%fs (e
‘dlnybb)hwqﬁcaﬂmdngndﬁ)und by any partl cul ar theory, it is
believed that the triorgano phosphites, triorgano
am nes, and heteroaromatic am nes can act as P. or N

{84903 Triagsaso phdsphitesiod thgdmentios v tlesforamla RO):Bovikerein Rais a

e

ftﬁmhmw rphospl:riﬂest hge.ﬁﬂs abastatsilizers . includei Huts caw engie lgnited to,

R SabR P oo RBRGRd. o, TGl € el fBbephite

\mmcgﬁphdsphm n&néoﬁ@@ﬂp‘t@pﬂt& Fleﬁsfopfoﬁﬁﬁh@hﬁ Picfareege triorgano

SBatitBF SR TREe Gprogyiepple Sy RbasBli on i

the presence of 3 W% Zn Oradi ne (zinc pyrithione) -
a worst-case conposition, 8 WD 20051110440
Res 1y Sriormnerminssof the mysptionhaye theformyla RaNvisrrin Rois 3Lz to

T SIkSH, faeéirhlo‘éﬂtyi RRRn R |l istSstituledSdrgPiol dﬁ' BStamples of triorgano

antlfou ant paints contai ni ng hi gh | 0a ng of cuprous

@asstalxm@ms iigclugke Detharpast i de Himopylamine,
Ffmdé é’ OULRi1aRAe)t StriobiyinfiAd, I yuﬁgo&gaéﬁn
% 003b] In ne referrgd enbodi r?e?t a biend o
;mmphliamw amtﬁmdpdm@emﬁa Ryeterred ugorganpwml@nswéc fipropylamine,
Q{EE 1;!3%9 as the stabilizer. Such a blend
%&% éynerglglcaly providing a solution to resin
stability and conpatibility with Zn or Cu biocides.

T Rl SRR oinder oF 8 il e, i "pdaining o 5

Emmm:kerl fing Icontaindxighe rmtmgan citorent Exmpicsneibgwtell(bammaam anEnes

it B TR o BB O, 2R, Jo

Saririegi Atpréfeﬁécﬁhétérbir)bmaﬁ@ﬂlﬁiﬂe @yﬂmﬂe mm ﬂeeemmmemcludmg

mven&lﬂgn are t 0S| hambft&fltagmf‘ @@63&%8@% t
0

C16 al kyl, cycl oal kyl, or aryl or substituted aryl.

| es of carbodii m des useful as stabiliz
|[%nﬁa’@1ﬂebﬂ?t heing hound |by,agye gattigular theory, it is lslevcd that the

&gﬂ%ﬁﬂ RIWHER Eﬂpﬁiﬂn. dfd heteroaronmhc ammes can act as P: or N:

3-bi s( trlrrethyIS|Iy ).car bodi i m de; 1

tl@wq bases e trintagaophogphites) P%M)ho%%%ﬁ%dé‘f?}/ |syavsn%ﬂr [l s 2
500 Wi T ke iTRatb QRS of hélzroaromatic nitrogen compounds can function

strictly as bases — i.e. acid scavengers. Nitrogen compounds appear to be more

effective than phosphites.

[0034] It was found that pyridine at 2 weight percent loading outperformed other
nitrogen bases tested (Example 1). It is a very effective stabilizer for the silyl acrylate
polymer, even in the presence of 3 wt% Zn Omadine (zinc pyrithione} — a worst-case

composition.



di -t-butyl carbodiimde; 1,3-diisopropylcarbodiim de;
Preferred carbodiimdes are

di cycl ohexyl car bodi i m des. [00381 Carbodiimnm des act as
dehydrating agents to stabilize the hydrolyzable

pol ymer. Desiccants currently used in the art, such
asogwlmﬂ%m fate, molecul ar sieves, or clay, PCHESH0§5724

g %3‘41 @LM%&P f&&dnge% Yhére Fhicfivd e HAURES b |s@bilizing

I“um process ? on the storage
cmﬂﬂmﬂanb pain{st eomtagning high iawﬂngig Cind ) oxlémygupw yﬂde is the

I'.‘leore%% cé%@?ﬁ%tg&dé@g@%rﬁgﬁﬁ ty?t?gurr% cally react
W th noi sture. The chem cal reaction with noisture is
o1 36 8 gPegrere e, 818 BP BRlsphitl abf nffflelh bedbs e
[Pedsk ah Aiyiarpines)ofrea ugedr bodhe mtawmsef Sbeli ra tblmad can act
Rt R S o SRR B G
Wi6ades. 8iush it iuﬁﬁ@ﬁﬁteﬁﬂiﬂtsﬁbﬂitﬁ graapmd ircd cmnbmﬁtfwmf andlge and

to fur her enh ab|I|t f ot eblnde.r
Fioy boRiteOn dyepel oo ettt sbainehh bt Hallhe end

Sy} bhasp hﬁesof)r hﬁaem@\aﬂﬂiesoqmm abaaeatoamlgmsmbmtm) can be
pol yneri ¢ bi nders mel7 1s known in the art. One or
n@F@lﬁﬁdt?ﬁ@VﬁeéﬁP‘?r%%ta Yconbi ned at from0.01 to 20

wei ght percent based on the pol yner solids preferably

from0.1 to 8.0 weight percent leer

HORER Girbariianides of T EREoR S {bRgR AR HHer e BsoN-R,

t St ngfé P fo 2 EQHEC ecycloalkyl, or aryl or

W#Wers madra ¢ %@or O?S?ed %at]%}morycgntg trary
poibstiteted laadk tﬁmepbs af wh@m@nsmfub@ Sahlizerdinelyle Gt g not

1[&8{5 fo Péih{c?%ﬁ EQE 3pRER 1? BehrBiditdige;1,3-di-p-
S I'ZEérs tot e po ynmer hel p 0 mnlmze
t fokyldagtoetiiimide, lﬁj(mm\&thvlhmmwl)ﬁz@hﬂwmm ipdjde;1,3-

C% Bt g?wi]’&ﬂg@?oidr(})’]r?e&r‘%rprﬁ%ﬂ ‘%d}i@:‘?l Zers nohe%%%dﬁe are

anﬂlbyclé‘ﬂehylbat&ddihmduses in the coating fornulation may
i nclude, but are not limted to, one or nore
co-bi nders and/or additives, such as rosin or

f 10088] @ﬁﬂbdhiﬁidesf &Shs"tleh?dxgtmg aetia ko stabsilizeethe hydrolyzable polymer.

Addi ti onal ad | t| es_inclu rent or.gani

dPgiFrgis GERERLY usg L B SR ety T 5458, o cle,

f ioteps . h&éiean@t :ﬂﬁ&'bmgaﬂeiéﬁﬁe mh;scisobesevembge e@xm‘;mn gmatess.

or gani c co bi oci d known in t he S ca.II ebsorbed

SPRHIingeh B HOTHE i t?ﬂ&}?gmﬁﬁﬁ% ya

f okl Cat Be SElehsed Yabie hitd dhe B%{dnil Seadlitgl ﬁmydmysmauommdes

In general, the erosion rate of a self-p tgl I shi ng,

nehemdieally react with moisture. The chemical reaction moisture is irreversible
and allows the composition to maintain a high degres of stability over a long period of

time.

[0039] An example of a carbodiimide useful in the present invention is
dicyclohexylcarboﬁiimide. Upon reaction with water, the byproduct is dicyclohexyl
urea. This nitrogen-containing product can then serve to fusther enhance the stability
of the binder/paint. |



antifoul ant paint is considered to be a function of

t he anount of hydrol yzable nononer in the polyner.

I ndeed, U.S. Patent 4,593,055, which discloses and

Cains seawater erodible silyl acrylate copolyners,
teaches at Columm 5, lines 43 et seq. that the
SWParIsgit4gbnt rol of the erosion rate relies oRCT/US2005015724

EIEFJHJ lel b‘ﬂ%%ﬁ?&f ’&lg ﬁﬁﬁu&f’%&ﬁ'ﬁr %me!dl'k%‘h 851 nc bmdcrs by

tive ened at certain polnts penda
pnéawk:no\mhm the att. Oheor mwrem&‘thm&t@ﬂmtl%md ﬁl@@e‘) 01 to0 20

{5 5 20 5L B4 L AP R Mot

SHRWitilzes wedyl binéxed Fhitlsa welatiemer the foindey dr dirgatiydnto the final

o oropleten e SF QR G ey 7 b i BE % onto e

tackboas Riastuelradieal pb@ﬁléﬂiatib'h er by matbensuitebdimethodnThe

RO Moo SRoL S 6 PSSP (SRR GRE Rpepine
k&iﬁwthte@tabﬂa;&tﬁommammmbﬁﬁmam s are roughly

d| vided into i nor gani c compounds, rret al - cont ai ni ng
n conmpounds, "and netal -free anic co nds
84114 e eiabylizes gy be BRI AP URSSRR O &ﬁﬁ%ﬁ%‘%ﬂm kmown
' lﬂ‘tﬁéjﬁt? éﬁgpﬂmm B atfl4CrrdatichURAyOMElu ibare not limited
er

copper copper_thiocyanate, copper, carbonate,
ctopworomrg cp-dinders podippaddiigiss. sughy a%fOPePF Psin (e-g.

A Chaf RRRGes)S UAd i Gl AEkiveh BB Gigh dtgnﬁgl Sdbxts,

as zi'nc sulfate, zinc oxide, ni ckel. sufate

cplpsticizersi dispersial | aggmys, mw::m pgants, iocides (e g. Cu;0), and
n%gmggg}og;dgg N9 R5WRMRthe LPXi cant compounds i ncl ude
0

er compounds, organoni ckel conpounds, and
or ganozi nc conpounds. Exanples of organocopper
c;nnwz]mstalﬁmhaddhnderl weyosifipey may dgpised to fabricate self-polishing

| sul f t bi t byl

R grlEnpteghRs oLl sistoR 1k 67 S HoliHing bbrine
naﬁﬂétlhanalsﬁm &N corsidpgedr tobbe a( ﬁaumm: bf diteo pmeTut af él)rdrolyzable
Ex es an
S aBS a4 prter ot APPSR B o cloims
Oéeagiﬁﬂﬁtsﬁaib%is@@ gasamtwr@]& dl??ﬁﬂd&aﬂtg@ﬁt ttaﬁieﬁmtSehnesz43rnt seq that
car pamat e Zl nc | e | | ocar B,
P iSEPATIoR SontER] O 2he OB At HUET &0 SRmERIvRLIPng e gp!ymmer so
[ 89¢R)is E&i@éﬁ%@sw&fkeﬁ%t@'ceﬁlﬁ o&t@?ﬁﬂiﬁnﬂt@)ﬂl&ﬁtﬂymer chain at the

conpounds inclfude N trihal onet hy t hi opht al i mde
dipainifweer ipterfage. AEhege wepk lnks|apmlely agiacked by seapiey -3ligpving the

agang& A &aél{élhg%%dn?é &%w&ef‘séiﬁﬂa 68 seaflaich SAENEMYY This weakens

zi ne conpounds, and ot hers.
the hydrolyzed surface polymer to such an extent that moving seawater is able to

wash off this layer and thus expose a fresh surface.

[0043] The toxicant used as an antifoulant in the coating composition of the present
invention may be any of a wide range of conventionally known toxicants. The known
toxicants are roughly divided into inorganic compounds, metal-containing organic
compounds, and metal-free organic compounds.

[0044] Examples of inorganic toxicant compounds include copper compounds such as
cuprous oxide, copper powder, copper thiocyanate, copper carbonate, copper chloride,

10



[0047] Exanples of N-trl] al onethylthiophthalimde
toxicants include N trichloronethylthiophthalimde

and N-fl uorodi chl oronet hyl t hi opht hali m de. Exanpl es

of dithiocarbam c toxicants include his

(di met hyl t hi ocar banoyl ) disulfide, ammonium

NVR20050104#& hi ocar bamat e, and ammnl um et hyl enBET/HS2005/015724

(digt hi te).
taglgl | ocar i gfﬂ’géﬂﬁ {I%O’ﬂ%_l ?‘,11%% or o eny#‘% SRS oxide,
nedlel fdﬁaﬁheand\bo@pemykm@ism de,

N-3- chl or ophenyl mal ei m de, N-(4-n-butyl phenyl)

mal ei m de, and N-ani | i nophenyl ) nal ei m de. [0049]

Eeo4q)| dBcatiples- (ofu hﬁal-tcuﬁmdmg organic toxicant compounds include

am no)-1 t hi azo] i di ne- di one toxicants i.ncl

&Eﬁ%‘%’?ﬂ!’&ﬁ sapRT SRPTYE] s o Brdmo4hE dfibortnds.

gﬂxgm;iﬂlasl benz WriMoegpe Nepmpdunds t Hincladd | dixie- 2 cdppdi, onegpper

Y pRsaokThRatecsaparn W8 (sthylepsdianior) bip {dodsoylberrenyitonpte.
ahetite ORNp Feﬁm pHthenate, and co copper bis (pentachlorophenolate) Examples

di c orobenzy i deneam no) 1, hi azgl j di ne- 2, 4-di gne
afd 3ggmopickel  compounds include  nickel a.ceia

HimRih 9 RRRRZ i A8 N EEInBRs bf 3rdahbAdcObdntlioifd inéud B8 acetate,
11 WD 2005/110440 PCI/ US2005/ 015724 [ 0050] Exanpl es of
dtinheasbareste v dimethyldibinserbpmate; 7iae gyathione, and zinc ethylenebis

%Hgmg K ARaoet hane,  dithi ocyanoet hane, and

, o-dit |00§Enothiophene. Exanpl es of the triazine

conpounds include

2[29?&1“ e DL Greflic ) § fagw&ﬁgmas S idcdiddRZ N-
er exanpl es~0 ani c

tuﬂmbammyMMmﬁEMMEbsNManﬂﬁmmz@uﬁ;NmnmnﬂmmmhsZi@mmhw&ﬁ

teld Cﬂé?‘?ﬁl gﬂ%fgu'nlt 1?8_1%?11 ;4# ¢yguo compounds, triazine compounds, and

4otﬁer§i| chl oro- 2- n- octyl [ 4 [ sot hi azol i ne- 3- one,
NN- di met hyl - N- phenyl - (N-f | uor odi chl or onet hyl t hi 0)
sul fam de, tetranethylthiuramdisulfide,

* 3j0047 0- Bxaiifheny | bﬂt W-tripalobrttylthiop@halimide toxicants include N-

gl IR GEIe. ( bty | o B R fipblopymetiytipipphithalivide,
4E:l%ﬁﬂ'é§ g dld.xdamb%ﬁpdaﬁﬁxﬁté irRhide bisf (dith@RFihiocaibaikidy ) iisubfide,

| e-3-carbonitnle,
LreprReiBNrmetiydi WQ@WGWehWrW”A“IE efhylenehis (ithiocarbamate).
4-oxi de, dichl oro-N-

[ (di met hyl am n@gsul fonyl ] fl uoro-N-(p- tolﬁl met hanesul f
- elf9481d @xampl@m |arelmaleamide ntoxicants otishude | Nyl Adt-trighiprophenyl)

grﬂ{alect e, 1{1 RE& IR h@ﬁﬁaﬁmmbpm (mﬂ-b&mphenyl)

or egoi ng to I cants, can
empleinyide) andll\l-wllmphelmb)mmnd@oatl ng conposi t| on The
toxicant is used in an amunt fromO0.1 to 80% by
wei ght, preferably from1l to 60% by wei ght of the
c[(DﬂlS]ng Exanplesi of @{subistitutéd vantino) kitttiadodidiak-2,4ddione t toxicants

nickel

Prodgse anantifoul sk  ehlestes thiazolidine-2,4-dione 3
4(methylbenzylideneamino), ~ 1,3-thiazolidine-2,4-dione, 32
hydroxybenzylideneamino-1,3-thiazolidine-2,4-thiazolidine-2,4-dione, 3-(4-
dichlorobenzylideneamino)-1,3-thiazolidine-2,4-dione and 3-(2,4-

dichlorobenzylideneamino-1,3-thiazolidine-2,4-dione.

11



while too large a toxicant |evel can result in the

formation of a coating filmwhich is I|iable to

devel op defects such as cracking and peeling, thereby,
becom ng | ess effective. [0053] The stabilized

coating conposition of the present invention may be

(e aoosd104¢bat st ruct ures exposed to nmarine, PCI/US2005/015724

f
(S Rkee 3 SHBEHD hoihil conths #Jﬁ%??sﬁt%’aﬁmm
ahﬂﬁcmw&qoe'éﬁnw ngd C%,étdlﬂmg}cyamghlme@ps ef lﬂxan@i/;éh o S the tmazine

oA e et R O TR R Bl S AR v

shi ps, boats, docks, breakwaters, and pier supports.

CAPERL Gt Oy, o AP T PR, Al 2.4.56-

Wﬂﬂ%ﬁmm&ﬁ&ﬁﬂmmq@haﬁ/}mﬁm 4a'5c¢rehleroa2-er9ctyl-
ity t

BRSSPt e tur o 7Y g3 AP rbfoct Hforompptyitio)

t flfdmiient tatamihy%mana |disylfide, tﬁ\aﬁdosammpﬂbmyﬂ citbamate, 2-

S Rl 7 PSS ilbiirons

Riaathel W—%r&ﬁélzl(ﬁ-fcﬁlo hSM@PS-@hﬂﬁﬁmﬁthﬁB}lI-R@mald—Bt—Mommle 3-°
. Viscosity weekl n | nspec t.he pai n nS| st en )é(hl o-N-
Sherpelblfhiea T e tibede T4 20 0 det o ndighlgy

B ﬁ@hdémllﬁ fiemide, and
7[‘)3 Jugﬁiﬁlﬁﬁ Y551 BuorBIN-ERidL Gulfe cio an

ge based on'a Pass/Fail criteria of no skinning
otiiegemetbp-todyl sulfeBR 0si t y neasurenents were done at
25C using a Brookfield RVT visconeter. Note that an
asterisk in the tables below indicates that th

swﬁ&]eoge bt maresionicantpeukich meg be seiected o @eégﬁese)n&é@ﬂ‘ms

o pabiny {5 ised i
Copo G%egslg g@g@p &E@%&g@lﬁtﬂoﬁ%ﬂ. qhe b ng is8d in =0
i amening cfeoma tOy1 foo BO%hhy weights tyeferablychpnl I te r60%ob¥ eeight o the

f sh I
S ERoRiar) Bod, oo ifisall 1sh 0 b B PISffite P antSS AR frect,
nﬁhﬂﬁﬁ:romhlgba toxicant lwel eyl resuﬂ:tan lulmcfoymaioa)ofu arpoamlg/\ﬁlm which is

Xl\ézﬁ?ne Y v ;',gc{l,&f Sfﬂé nbl ne%gmgt h %%rc Ellégy,o?ecommg less

séfdaibé.zer and ot her addltlves is based on the wt
charged to a 50% bi nder sol ution. The conbi ned sanpl e
vvas then placed on a paint shaker for 20 m nutes, and

?Tﬁ‘éjsth!ﬁlﬂ $dafinglesmposin cobe ippssaitdtvention majHte used to
resul are shown in Tahle 1.

coat structures exposed to marine, freshwater, or brackish water. They may also be
used to coat structures exposed to high humidity, for which a slowly eroding coating
may be useful, such as preventing a build-up of moss or other organisms. These

structures include, but are not limited to ships, boats, docks, breakwaters, and pier

supports.

Examples

[0054] In all Examples, percentages are weight percent unless otherwise indicated.
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1.1 (Conparative) Polymer with no stabilizer. 1.2

Polymer with 5 % Tri et hyl phosphite. , 1.3

(Conparative) Polynmer with 5 % bistributyltin oxide
(TBTO . 1.4 (Conparative) Polymer with 5 % butyl at ed
hydroxy toluene (BHT). 1.5 (Conparative) Polyner wth
aw%m;mtmi none. 1.6 (Conparative) Polynmer \/\%@'F{U?“%’Olsn“

Pgl
PR, oRLERA bl aplfy fod OEPARcliBlog® wollowing
(tRededtiey &) Fill 4 sm&ll peiint\den (b2 1o B epint Sizek With adiquidjest sample and

3R et iy g 5

Iprpetlylwith 4 lid1 33 PRéOthe kad irto bn dved £353C0 4) liec@.rcbths .vzscosny
9.7 _1.4 9000 4 4.4 4. 4 x K%k
vepkly apdnspest e i cguetignoy” %) Hisipat g st e Jorh i vfops
_ gou&p% r éelﬁb&g;rr% f}ﬁekls g)/CbﬁlﬁﬁlE kh‘bh@s%ﬁi’ P@EétldslSZD Do bBsedHn a
ncl usion rie pho st ands

(Tpes/BeL pritgtin of 19 Slgsnifox yoline ﬁ% %elivgr% done at
[£308 AsinEhe BbdUkkieN! F0UT SaPhesr. \l\ﬁi’c@ﬂﬁf én aam mnhb tablieh' delow
in the sane manner as in Exanple t{%eaul tﬁ%are

i indivaipy thabthe gaqp]e 13 q}%%surp@p%fg was not possﬂ:ale

bf p€. Thi
A 2, EORIM Yt oot v,

2.4
Faumymrmmscbm Bt the it@hutyltin epRoSYIRETCOITESPORYS to 2yesrs of shelf life
F}grg - Drk %triethyl phosphite. 2.6 (Conparative)
FPOMth S % triethyl borate. 2.7 (Conparative)
Pol ymer wit h 5 % di phenyhnet hyl si | oxane. 2.8

(Eoummsds 8t i ve) Polymer with 5 % triphenyl silanol

[0056] A sample of poly(diphenylmethylsilyl methacrylate -—co- methyl
methacrylate) in 50 wt% xylene solution was combined with each of the following
listed stabilizers. The percentage of stabilizer and other additives is based on the wt
charged to a 50% binder solution. The combined sample was then placed on a paint
shaker for 20 minutes, and evaluated using the described accelerated test. The results
are shown in Table 1.

1.1 (Comparative) Polymer with no stabilizer.

1.2 Polymer with 5 % Triethyl phosphite.

1.3 (Comparative) Polymer with 5 % bistributyltin oxide (TBTO).

1.4 (Comparative) Polymer with 5 % butylated hydroxy toluene (BHT).
1.5 (Comparative) Polymer with 5 % hydroquinone.

1.6 (Comparative) Polymer with 5 % Isopropy! alcohol (IPA).

1.7 (Comparative) Polymer with 5 % ethyl acetate.

TABLE 1
Viscosity Ratio (Relative to Initial Viscosity) per Time (Weeks)
Injtial 6 | 7 | 8 | 9
ID# Viscosity 1 2 3 4 5
1.1 12320 | 1.7 2.2 3.3 3.3 33 33 * * *

1.2 4000 1.0 1.1 12 1.2 1.3 1.2 1.3 1.1 14
1.3 2700 1.3 1.5 1.9 2.3 3.0 4.1 6.0 6.2 9.7
* *

14 9000 | 2.0 | 44 44 4.4 44 * *
1.5 14600 | 27 | 2.7 * * » » "y v +
1.6 Gel * N * » ¥ * » * .

1.7 2850 [ 19| 37 3.5 5.6 7.9 6.3 12.1 6.9 14.0
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2.9 (Comparative) Polymer with 5 % ethyl acetonate.

2.10 (Conparative) Polynmer with 5 % zinc oxide. 2.11
(Conparative) Polynmer with 5 %titani umisopropoxide.
2.12 (Conparative) Polynmer with 5 % zinc pyrithione.
TABLE 2 Viscosity Ratio (Relative to Initial

WQ2siiias0 or Tine (V\éeks) ID# Intial 1 2 3 RCHUg0§5/45724
Vlsc:03|ty218140171 3.3 4.9 * * * 2.2 5450 09

oLehefuspr, chppbephic (DAY gafis puf il bgbga By
o66p.1.0 1.1 1.3 1.41.61.92.52.9 2.6 5900 4.6 6.8
6.8 * * * *x *x 2.7 9050 2.1 2.6 3.7 4.4 4.4 * ** 2.8

£309§23304744676767 2.9 3000 1.7 2.4

79.211.2 11.4 2.10 Celled * * * * * 211

0bs e el vl e et i Gt e oy oo,

e I NRésuiive aleshawn oBldBle 2. Tr i but yl phosphite and
best stabilizers in this

t 'ehI hcspﬁqie are the uo
O , 2% | owi ng sanpl es were
é% aﬂlgﬂeréﬂﬁ gﬁ?ibgtg?m%% mannegrJ asnipn Exanpl e
12-3 i alymer yad ?  Blipsp. he pol yner used was
pof @Ymﬁﬂw } 110440
PEY/ Srig L ﬁhﬁ’eﬂ "3?1 t.e- co- net hyl
n%ﬁH%P?P@F@?)PW %Q Lon i nst ead of
P;éggmﬁ@ﬁy@r?@imwﬂsﬁ doxa08. et hyl
peatizg) B 1%18'I"I!t| on. The results
at-8 (quapﬁe)fab{nacrsﬂthss% H0ate; ve) Pol ymer with
n 1€ (Casnparativie) Polsmzrwwmezmwpﬁe 2 %tributyl

p2.a3 ph{Cemparative) Polymer with 5 % titanium isopropoxide.
2.12 (Comparative) Polymer with 5 % zinc pyrithione.

-

TABLK 2
Viscosity Ratio (Relative to Initial Viscosity) per Time (Weeks
Twitial
ID# Viscosity 1 2 3 4 5 6 7 8
2.1 8140 1.7 1.8 33 4.9 * * * *
2.2 5450 0.9 1.0 12 1.2 1.4 1.5 1.9 1.9
23 7220 1.6 2.3 49 5.5 55 * * *

2.4 4640 0.9 1.1 1.5 20 1.9 2.7 2.7 4.0
2.5 5600 1.0 1.1 1.3 14 1.6 1.9 2.5 2.9
2.6 5900 4.6 6.8 6.8 * * * + *
2.7 9050 2.1 2.6 3.7 4.4 4.4 * * *
2.8 3930 0.9 23 3.0 4.7 44 6.7 6.7 6.7
2.9 3000 1.7 24 3.2 5.6 6.7 9.2 112 | 114

2.10 Gelled " * * * » * * *
2.11 Gelled * * . > * * » *
2,12 2800 1.5 24 31 3.6 4.5 58 72 2.1

Conclusion: Without a stabilizer, the polymer gelled in 4 weeks at 55 °C.
Tributylphosphite and triethylphosphite are the two best stabilizers in this group.

Example 3

[0058] The following samples were prepared and tested in the same manner as in
Example 1, with the modification that the polymer used was poly(triphenylsilyl
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3.3 Polymer with 2 %triethyl phosphite. 3.4 Polyner

wWth 5 %tripropylamne. 3.5 (Conparative) Pol yner

with 5 % zinc pyrithione(ZnPT). TABLE 3 Viscosi Ratio
Rel ative to Initial Viscosity) per Tine eeks |D# \/al
12345678 3.17951.72.13.14.35.36.8
gVQ2005/104687 1.3 1.4 1.6 1.8 2.1 2.3 2.6 2.9 P§T@S@2§1°15m

Jeshoyhy gy By Elitin ot 17

Spaly(diphescilmethylsilyl Fhetharoylate eto-aiathyl snethpotylass)in 50 BV':% Xylenﬁ
vweeks. erespﬁ ué%%?d aﬂﬁ% i ncreased by 10 tines.

TR 8 ¢ pertorners in t 'S group are

triethyl phosphite, tributylphosphite, and

t 3.1 fCapydrativeh Bolylmenwjth @o 4tabilid&rO] The fol | owi ng sanpl es

Wi Polybep atih@ mdbutggthesphite. t he same manner as

ExaPplymes withe@stlitigthwphosghiten i n Table 4. 4.1

(Lo PpBaRy with)S Batipropylamineh no stabilizer. 4.2 Pol yner

V8.5 (ICamparative) Rolyitler withS o zine pyrithdné@ofTer with 2 %

tributyl phosphite. 4.4 Polynmer with 2 %

tripropylam ne. 4.5 (ConparpaBEE)3 Pol ynmer.with 2 %

pyrr ol yididiey Raflo ﬁt&&wmanaﬁﬂmamﬁw)p&ermmheﬁs)% urea. .

DT YhRl [W [ N] 2 %0]pyl I @il ne. c¢si, Ratio
(R@?#Z Miseps. Lhi i &_Vi )SIthL¢ i r 8| ¢ Vosl
1 21314 B56 1718 |42.1 {838 2. 93 465 08 % 99 B 9.0
9.32 4. 28840 139|214 (318 3. B8 316 625 1428 ¢ 29 B 830
1. 33156855 (118 1. 122 4.32/319 151644169518 3 194|1. 9
2.443[0 845 (412 5 @ |418 {7YR (1204122 g R+ [x29

3.5 882 17 | 1.9 [ 24 | 33 | 38 | 39 | 47 | 51

Conclusion: The control did not gel after 8 weeks, but the viscosity had increased by
10 times. The best performers in this group are triethylphosphite, tributylphosphite,
and tripropylamine.

Example 4

[0059] The following samples were prepared and tested in the same manner as
Example 3. Results are shown in Table 4.

41  (Comparative) Polymer with no stabilizer.
4.2  Polymer with 2 % triphenyl phosphite.

4.3  Polymer with 2 % fributyl phosphite.

44  Polymer with 2 % tripropylamine.

4.5  (Comparative) Polymer with 2 % pyrrolidine.
46  (Comparative} Polymer with 2 % urea.

47  Polymer with 2 % pyridine.

TABLE 4
Viscosity Ratio (Relative to Initial Viscosity) per Time (Weeks)
Titia]
D# Viscosity 1 2 3 4 5 6 7 8

4.1 855 22t 25 4.4 5.0 6.5 11.3 9.0 9.3
4.2 840 19 | 25 i3 3.6 3.3 6.6 54 59
4.3 830 13 1.5 1.5 1.6 1.9 29 2.3 2.6
4.4 695 1.3 1.6 1.9 24 3.0 3.5 4.1 5.0
4.5 1748 |124] 19.8 * * * * * *

4.6 972 19| 235 33 3.6 4.1 4.3 5.6 3.8
4.7 645 1.1 12 1.3 13 1.5 1.5 1.6 1.8
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4.6 972 1.9 2.5 3.3 3.6 4.1 4.35.65.8 4.7645 1.1

12 1.3 1.3 1.51.51.6 1.8 15 WD 2005/110440

PCTI US2005/ 015724 Concl usion: Pyridine is the best
perforner in this group, followed by

tribut hosphite. Triphenyl phospite, triprop
dﬂHZWFéHﬁﬂPso exhi bit better performance thaﬁc?ﬁﬁpm$““5n4
control. Exanple 5 [0060] The follow ng sanples were

Exanpl
PEGRAS M&S%OMI plaftin eﬂgmﬁgf&ﬁsrfoﬁéwwby anpl e

3. Results’are (Comparati ve
Peibytytphospbith. Feipkanalphpspitestripropylamineosrsar 41%‘3“%% Befen
[ 5.3 (Corrparatlve) Pol ymer with 2%

\Ilwr%a@f% ytrﬁéér:&vm th 2%triethylanine TABLE 5 Vi scosi
Rati o I-ative to Initial Viscosity) Tine eeks sity 1 2
Eanfpl657 8 | D# sccoo 5.1 3707 1.8 2.1 2.4 2.9 3.3 °
3.74.155 523959 1.52.32.63.14.04.75.65.5
51086 (H0R1R: falidwing GarfpleOwere prepared and ®sted RVdE same manner 3s B

7 1 usion: Note that the initial
\];?M??ng?ﬁﬁsﬁreesggﬂ?caF%ka% increased from 795 cps
(Exanmple 3) to 3707 cps - an indication of noist air
ex p ¢S ounparsiive) Rolyiicowith @o atabilizérandl i ng. In this group,
t ig (Compirhtyded Folymenwith A¥ezindaxided | npr ovenrent over the
CRA(CoMparkiR PoBmkr (iBAY IPAhe fol | owi ng sanpl es were
psem@[ﬁﬁrmmﬁwlanﬂnéhe same manner as in Exanple
3. Results are shown in Table 6. 6.1 (Conparative)
Pol ymer with no stabilizerrABBGESZ Pol yner with 1.5%
WIsb@Bi;QMB Ve B Tnitial6vigeoR)) WEETinw (Weeks)0% pyr i di ne
an 0 Xdiall .

DF 1 yiscosity | ! 2 3 4 5 6 7 8 |
5.1 3707 | 1.8 | 21 24 | 29 | 33 | 37 | 41 5.5
5.2 3958 | 15| 23 | 26 | 3.1 | 40 [ 47 | 56 | 55

5.3 2050 [ 23 ) 56 10.9 * * * * *
54 2768 1.1 1.4 1.6 1.7 1.8 2.1 2.7 3.3

Conclusion: Note that the initial viscosity of the control had increased from 795 cps
(Example 3) to 3707 cps — an indication of moist air exposure during storage and
handling. In this group, the triethylamine mixture showed improvement over the

control.

Example 6

[0061] The following samples were prepared and tested in the same manner as in
Example 3. Results are shown in Table 6.

6.1 (Comparative) Polymer with no stabilizer,

6.2  Polymer with 1.5% pyridine and 3% ZnPT.
6.3  Polymer with 1.0% pyridine and 3% ZnPT.
64  Polymer with 0.5% pyridine and 3% ZnPT.
6.5  Polymer with 0.9% pyridine.

6.6  Polymer with 1.0% pyridine and 3% ZINEB .
6.7  Polymer with 1.0% 2-vinyl pyridine.

6.8  Polymer with 2% 1-methyl-2-pyrrolidinone.
6.9  Polymer with 0.9% 1-methyl-2-pyrrolidinone.
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6.4 Polymer with 0.5% pyridine and 3% ZnPT. 6.5
Polymer with 0.9% pyridine. 6.6 Polyner with 1.0%
pyridine and 3% ZINEB . 6.7 Polynmer with 1.0% 2-vi nyl
pyridine. 6.8 Polynmer with 2%
1-met hyl - 2-pyrrolidinone. 6.9 Polymer with 0.9%
WEaNE{I10420 pyrrol i di none. 16 WD 20051110440 PCT/US2005/015724
PCT/ US2005/ 015724 TABLE %‘A\ﬁ %ﬁfsi ty Ratio (Relative
Lo | i YR30t K i S B il bt 2 3 4

1 .anlo.,uo y O r——=Juu_ 170U I. Q. I #. U . . .
¥ 3@]@:&@1 OL.21,1%1.144.4 20{271 |683 3800 1.1 1.4
AL ok V18|32 L 30.445/4043. 1 d75]1sH [1.6 2.0 2.9
62 [Gagao SEr0| n8 L. 1. §42./018. 4 R200{ 320 [ 6.6 3760
63 L-$kod- PLI| NA- P 129 52| 6s/[3440] 128 1.3 1.5 1.7
6% 2. 976 B1.1b.- Bs 2|/5(5 1. 4.61.]328. B 495 1344 P.6 2.7 6.9
JF0| 13290 1143 176 1] 61.2.]1329. Q 346 Canmc| usd on: Pyri di ne
5k | {segle 1 yhiiyves By g aftnf gceove 2abidl zers. The
Neul tsushovned 1.3 hatipwir iidi ne29t ab2.¥i redd ppl yners are
daEppt b €| we { hi.¥n} besed 15 dciltdes £€nPT2and  Zi neb) at
FestDossdxaiph € 74 | DOBL2Y Tihee |f aBl ows.ag| shéip] es were
prepared and tested in the sane manner as in Exanple

3cofRafidnt PyAARe ahOMOddrivailallag: cffectfvelstdbiliversallad jewal)s showed

Pol ymer_ with _no_ stabilizer. 7.2 Po rw.t.h.2%

R TRS SrBiRA RO e A compeae it 2 bpsibl bioriAee b, e
2Phibyiadazadee and 3 % ZnPT. 7.4 Polymer with 2%
1-met'hyl i m dazole and 3 % ZnPT. 7.5 (Conparative)

Pol ymer wiith 2% di et hanol am ne and 3 % ZnPT.
Example 7

[0062] The following samples were prepared and tested in the same manner as in
Example 3. Results are shown in Table 7.

7.1 (Comparative) Polymer with no stabilizer.

7.2 Polymer with 2% diethylhydroxylamine and 3 % ZnPT .

7.3 Polymer with 2% imidazole and 3 % ZnPT.

7.4 Polymer with 2% 1-methylimidazole and 3 % ZnPT.

7.5 (Comparative) Polymer with 2% diethanolamine and 3 % ZnPT.

TABLE 7

Viscosity Ratio (Relative to Initial Viscosity) per Time (Weeks)

Iitial |, f 5 | 53 | 4 | 5 |6 | 7| s

ID# Viscosity

7.1 5750 |12] -~ 1.8 1.8 1.9 - 2.5 2.1
7.2 3575 il - 112 | 112 | 112 -- 1.2 | 112
73 4938 20| - 25 27 4.3 - 6.0 4.1
74 3895 (12] - 1.4 1.9 22 - 2.3 2.7
7.5 9213 |11 =~ 1.9 1.6 1.9 - 24 2.1

17



TABLE 7 Viscosity Ratio (Relative to Initial

Viscosity) per Tinme (Weks) ID#¥ Vinitial 1 2 3456

78 7.15750 1.2 - 1.81.81.9- 2.52.7 7.2 3575

11.2 -- 112 112 112 - 112 11.2 7.3 4938 2.0 -- 2.5

2.7 4.3 - 6.04.1 7.4 389 12 - 1.4 1.9 2.2 - 2.52.7
VOWBAN440 1 -- 1.9 1.6 1.9 - 2A 2.1 17 WO PCI/US2005/015724
2005/ 110440 PCT/ US2005/ 015724 Concl usion: Note that
té&c;ﬂgio&lt ;kgoémmé ielitfol %0@9 oF ElnrddPas GRAE IR 9760 SFPom

cps I'n Exa 3 -an i1 ndication of poor
s‘i.’StSrcag & Exeaiplé B t90 mﬂw&iﬁmd o stesageiAbilis of tmsmbphzs# POlymer

tz.&ﬁ,%ﬁhtg? Stbdts Weec o cd &1 RAPENS Ensife Babifize

ensure s ilrzer Itives can overcone the
mddmvpatantmdercb;nechlﬂe mmmwpm@n@tézﬂ@nmm 8 [0063] The

follow ng sanples were prepared and tested in the sane
nner._as in Exanple 3. Results are shown in Table 8.
Mpar ative) Polymer with no stabilizer.
h 0.9% pyridine. V,
(@8%\%@%‘7’”58?@ wﬁﬁepﬁep%%sé%iﬁs aEaDigl zea ergs 2

At Ruslts Belsyown inldble 8% Cu20 and 0. 9% pyri di ne.
8 5 (Conparative) Polymer with 3% ZnPT and 0. 9%

%rl dl&‘?g’cpéﬁ?]"?)ng . mer with 2% benzoic

|ve) Pol ymer with 2%

bRz oi kotypesrvith (35 ; 3yg- 8.\ scosity Ratio
(B3| at{Compartiye)Rolamer i Weeks) | D#
fi 1 (Comparative) Polygner gyith 3V3 Cy: 9"/ OPYrIomg 9 1.0 1.1

088 0.(§omparatige) Polyas with3%ZaP 9% pyriding. 1 3° 1 4.
88.8 4g€ymparative) Pplymer with 2% benzgicacid, yosiab 4 5550
18 4 1 (Compgrative) Pplymer with 2% benzoic acid, unstabilized.

TABLE 8

Viscosity Ratio (Relative to Initial Viscosity) per Time (Weeks)

Initial

ID# Viscosity 1 2 3 4 5 6 7 8
8.1 13000 [ —| 12 0.9 1.0 1.1 0.9 0.3 0.9
8.2 1530 -1 12 1.3 1.5 1.5 14 1.3 1.6-
8.3 4800 | - | 1.2 1.2 i1 [ 18 1.2 1.2 1.2
8.4 5550 -] 14 1.1 1.3 12 12 1.3 1.5
8.5 2160 -] 103 ]| 43 6.2 59 4.9 78 | 207
8.6 1930 -1 19 2.9 4.4 4.4 4.8 4.8 5.7
8.7 3580 -1 20 2.1 23 2.6 3.3 3.9 5.3

Conclusion: The initial viscosity of unstabilized polymer (8.1) started at 13,000 cps
(increased from 3500 cps) - an indication of significant moist air exposure during
storage and handling. As a result, there was no significant viscosity increase after 8

weeks; however, the starting viscosity is unacceptable,
Example 9

[0064] The following samples were prepared and tested in the same manner as in
Example 3. Results are shown in Table 9.
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160 110.3 4.3 6.2 5.9 4.9 7.8 20.7 8.6 1930 1.9

.4 4.4 4.8 4.85.7 8.7 3580 - 2.02.12.32.6

.9 53 Conclusion: The initial viscosity of

tabilized polynmer (8.1) started at 13,000 cps

creased from 3500 cps) - an indication of

APUSIEMAM noi st air exposure during st or agBCHN§2005/015724

there was no significant

- Ahd % s; however, the

dﬁigﬁ%&l/g&%l e. Exanple 9 [0064]

A Wer €005 A5 findksl tested in the

AMNER 5 Wlpfass Bdte, Shown i n
Pl 05/015724 9.1
i

»aeRpwW th 0. 9%
ol ymer wth 2. 0%

12 ol ymer with 0.9% pyridi ne

g ﬁﬁ%@ g 0-%
Jrf&mgagggf/"m oXI e?%?? Bol'yrer

h 0.9% pyridine and 50% Cu20 and 2% TBP 9.8

ymer with 50% Cu20 anmﬁg. 9.9 Polymer with 50%

0 0 nl
o Jpisia R GRalaig 9 g Vst B PRI )® 1S
Jﬁl‘B’P and |3% Zi nt prmadijnes. | TABLE 7 Vi&cdsity
llzl\Hl o1y 1 atli_ Ve 6‘? I Idigti dil.l i §.§U>i1[.0y) Pel [ hling eeks)

: 23 A4 5«6 T+3 [VIeC| +9.|L £IpU«1)0 0.9

; 1.;157,03 %2 ‘ri T2 9960 "+ [T ¥ 1 9.3
'ﬁ'z.é?',gzgp o T TF {09 |94 2480 4P [ i9 P2 1.2 1.4
st {4375 L 12901297831 3 [Z13- P15 3 198 2.0 [1.9 2.0
96 | 3450 | 46 | 58 | 68 | 107 | 115|138 [ 167 *
97 | 8400 | 14 | 07 [220 | * | *« [ * | *
98 li0300] 36 | 27 | 25 | 66 | 7.8
9.9 [ 9960 | 1.3 1.0 14 2.1 8.0
90 (9480 04 | 03 | 25 | * *
9.1 | 20551 12 13 1.9 6.7

2
4
3

<]

FOLUDLMN=S @ S N W O Ul
00

2o Raiamalcig 5 %

OF=
N — —

=
»
LM
=
:

= W

*| *| ®| ®
*| »| ®] *
S %] ¥} *| »

Conclusion: The results clearly indicate pyridine stabilized polymer (9.1) is very
stable; however, while the pyridine-stabilized polymer is compatible with ZnPT (94
& 9.5), it is not with CupO.

Example 10 ,

[0065] The following samples were prepared and tested in the same manner as in
Example 3. Results are shown in Table 10.

10.1 (Comparative) Polymer with 50% CuO.

102  Polymer with 50% Cu;O and 5% 1,3-dicycichexylcarbodiimide ().

103 (Comparative) Polymer with 50% CuzO and 5% sodium oxalate.

104 (Comparative) Polymer with 50% Cuz0 and 5% ammonijum acetate.

10.5 (Comparative) Polymer with 50% CuzO and 5% magnesium sulfate.

10.6 (Comparative) Polymer with 50% Cuz0 and 5% sodium sulfatt‘z.

10.7 (Comparative) Polymer with 50% Cu;O and 5% calcium chloride. '

10.8 (Comparative) Polymer with 50% Cu0 and 5% dodecylsu]f;ate sodium salt.
109 (Comparative) Polymer with 50% CupO and 5% molecular sieves (granules).
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9.6 3490 4.6 5.8 6.8 10.7 11.5 13.8 16.7 * 9.7 8400
1.4 0.7 22.0* * * * * 9.8 10300 3.6 2.7 2.5 6.6 7.8
* 9.9 9960 1.3 1.0 1.4 2.1 80 * * * 9.0 9480 0.4 0.3
2.5 * * x» %+ x 91 205512 1.3 1.96.7 * * *

Concl usion: The results clearly indicate pyridin

SWaBMS130440 pol yrrer (9.1) is very stable; hO\NEGWSZ‘ms’“ﬁ"Z“
whil e the pyridine-stabilized polyner is conpatible

with zZnPT (9.4 & 9. 5), it is not with Cu20. Exanple

10 [0065] The foll ow ng sanpl es were prepared and

tested in the sanme manner as in Exanple 3. Results

are shown in Tabl e 10. 10. 1% ative) Polynmer with
50% 052, P I

1, 3-di c’ﬁclﬂs’f% ?@Jéex%%llm E%%%ﬁ%%ra |ve)

"' VARt h -2 0--ae-5%rsodtmroxatat

v@a) Pomr3wtr\45(D%5QJ205an 5% amjmrl u%
J5 S (KPnparel|i V8) |Peby[TER W Th 0% Cy20* and
R suTfaAtie 20 4015 (Cogphral 1 ve)o Holagngr 2@ tth
L Sposodi Gm Juiv aje.» [0+/7 [(Cenpar &t ijve’
A 50% CUlZOr and o cal c| um chl erijde* 10.8
CRIEPAERD! VEd PAyNEN T SP%+-CuPO*anpd $%; *
ORECHhTel 1 24 € sodi ureisqdl se [1829] (®onparati ve)
oG4 (21 DP B LUZ2G sarld 5% nol ecul*ar] srevies*
Oloanakss ) . 3.7 1P WO 20057119440 *PCI/ WS2D05/ 015% 24
MiH 13350V 620F 134 [Rata d (Rellaty vé to Inittijal * | *
Viscosity) per Tine (VWeeks) IDFE In't al 1 23 4567
8cShelvkibnl (218&%01 g-cﬁ?%loﬁe}é‘yl&ﬂﬂoﬁuﬁu& stankls Gt 2% @n BIFEATS
2 2.3,10 39 2.2 3.1 5.7
1mmmﬁ@@w0m&@m@g1memspﬂe%w§ﬂsﬁsmd§ S6 11315 2. 4
3.3 6.1. 3.96.2 * 10.7 14400 2.1 3.5 5.5 * * * 10.8

2 o3y * * ** * * ** 10.9 15200 1.9 2.6 3.8 * *
C%&U_?'On: Clearly, 1,3-dicyclohexylcarbodiimde
Sfﬂ@@@]ﬁ'&%ﬂ@%ﬂ@ Rafple Ghie\epared and tested in the same manner as in
Example 3. Results are shown in Table 11.

] ®]| %] *

—/‘\'nO/\Tlrn(nm/'\

11.1  (Comparative) Polymer with 50% Cu,0 and 2%TEP.
11.2 (Comparatwc) Polymer with 50% Cu,0, 3% isophorone diisocyanate and 3%

zinc oxide. ] _ ‘
11.3  Polymer with 50% Cu0Q, 3% dicyclohexylcarbodiimide and 3% zinc oxide.

TABLE 11
Viscosity Ratio (Relative to Initial Viscosity) per Time (Weeks)

Initial 6 7 8
D# iscosi 1 2 3 4 5

11.1 | 23800 * * " * * * * *
11.2 | 10100 | 2.3 2.1 2.1 22 23 2.5 25 | 32
113 | 19400 | 0.9 1.0 0.8 12 14 1.4 1.6 1.8

Conclusion: The stabilizing effect of dicyclohexyl carbodiimide is further confirmed
with50% Cuz0, and 3% zinc oxide (11.3).

Example 12

[0067] The following samples were prepared and tested in the same manner as in
Example 3. Results are shown in Table 12.
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stabjlizer for Cu20 containing paint conpared to other

candi dates. Exanple 11 [0066] The follow ng sanples

were prepare d and tested in the sane manner as in
Exanple 3. Results are shown in Table 11. 11.1
(Conparative) Polynmer with 50% Cu20 and 2%EP. 11
(Woe@antesve) Pol ymer with 50% Cu20, 3%|soph8?yﬁ§2°“5’°15724
dii socyanate and 3% zinc oxide. 11.3 Polyner with 50%

ol e e

scos' . 23800 * * *» x x * % 11.2 10100 2.5 2.1

|

2.12.22.32.52.5 3 19400 0.9 1.0 0.8 12 1.4
1.4 1.6 1.8 Concl usfgﬁﬁLF#é stabilizing effect of

d

4
&lg%gl oI:i:;yl cay bod Lﬁrgtlsl(e iS &urtﬁmrdpeergsbrnede 19

anp
_[01@57]\; fal ] omi gssalnpfte, Wereqor apared gand tested

IMApEh TS (o5 1T 12 AP E18. | R8s s pre shown

az2o0" Tt -o.g 1?1“ évyﬁhﬁwr AUSZ0097 3524 12.1
Par-attve) O‘f VAL A o ['SOphor one dari socyanat e.

12.2 Polymer with 5% 1, 3-di cycl ohexyl carbodi i m de .

ﬁxBLE;lﬁ\/scom Rati o (Rel ative to Initial Viscosity

eks MA VIlts 2345678 ity 12.1 2820

048] e folbing e es‘gg#pﬁ%m%ﬁénﬁ%%g%?ﬁﬁ&ﬂ% kot

SEMHRpES 3. VRewltp e phswdlincTabld ¥st ed in the same manner as
in

J N

13.1  Polymer with 3% 1,3-dicyclohexylcarbodiimide, 10% zinc oxide at 70%
solids, and 50% Cuz0

TABLE 13 .
Viscosity Ratio (Relative to Initial Viscosity) per Time (Weeks)
Initial s | 7 | s
D |yiso | 1 2 3 4 5
13.1 {1130§] 1.2 1.2 1.3 1.1 14 1.4 1.5 1.5

Conclusion: Dicyclohexyl carbodiimide is compatible with a worst-case formulation,

10% zinc oxide, and 50% Cup0.

E le 14

[0069] The following samples were prepared and tested in the same manner as in
Example 3. Results are shown in Table 14.

14.1 (Comparative) Polymer with 50% Cu0 and 5% dimethylglycoxime.

142 (Comparative) Polymer with 50% Cuz0 and 5% pyridine n-oxide.

14.3 (Comparative) Polymer with 50% Cuz0 and 5% ethylenediamine tetracetic
acid disodium sait dihydrate.

144 (Comparative) Polymer with 50% Cu0 and 5% 4-t-butylcatechol.

14.5 Polymer with 50% Cu,0 and 5% 1,2,4-triazole.

14.6 Polymer with 50% Cu,0 and 5% benzotriazole.
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Exanple 3. Results are shown in Table 13. 13.1 Pol yner

with 3% 1, 3-di cycl ohexyl carbodi i m de, 10% zi nc oxi de at
70% solids, and 50% Cu20 TABLE 13 Viscosity Ratio
lative to Initial Viscosity) per Tine Weks) ID# 12
345678 Vqu.1311130121213111 4
WG200581089nc| usi on: Di cycl ohexyl carbodii ni deP?'E’USZ"“S’“lS'm
conpatible with a worst-casg | ation, 10% zinc

¢l

oxi de, 3ad 20 (HARIFYMhE E’Ber’ﬁ}ﬁetwlaél@w ng

affpt : preparea pnd tEested rmne s pnner as
| AD# 14 3. Resuldts|afe |shdw] ih Tabl e 1Z§. 14, 1
GRADAReI) we) Hol yner M #h [50% 20 ancs 5% *
FTT) wcoxiare| +I4]2+(donparfatt ve) *Polyrteriwith
8} eI [and | D%z pyr i=di he*n-joxtdq. *14.3 ( Congar pti ve)
PGy MesssoN 3.5 [509 Cu20 hnd 5P et Hyl nédi*anmi ne
taaBsacasdiCi.sdacnd ¢l sod| um splzé di kwdnage. (1304
Gagppasad | ve) Pal ynes wWith 50% qu2® and.95% 23
4-T-Dbutylcatechol. 14.5 Polynmer wth 50% Cu20 and 5%
Gohchsioni aEakddes stdlalfo Etdcivestabilizens. 50% Cu20 and 5%
benzotriazole. 21 WD 2005/110440 PCTI US2005/ 015724

wﬂeﬁ\ﬁscosity Ratio (Relative to Initial

ISCOSIty) per Ti me eeks) IDE|l 12345678 14.1
? ] ’f[‘he followmg samples weére preparéd ind tedted iih@sanBaned 4 18
685 * 14.4 5560 3.2 * * * 14.5 6150

1E>@IHP.1673 2@@8@.8@@@%@@.0 14.6 6475 1.3 1.4 1.4
1.8.1.9 2.1 1.9 2.3

15.1 Polymer with 50% Cuz0, 5% 1,3, dicyclohexylacrbodiimide and 5% ZnPT.

152 Polymer with 50% Cu,0, 3% 1,3, dicyclobexylacrbodiimide and 5% ZnPT.

153 Polymer with 50% Cuz0, 5% 1,3, dicyclohexylacrbodiimide, 5% ZnPT and
10% zine oxide.

TABLE 15 i
Vlscos1ty Ratio (Rclatlve to Initial Viscosity) per Time (Weeks
ID# |Initial Visc, 3 4 5 6 7 8

15.1 6615 1.3 l 5 1.6 1.5 23 2.1 2.5 3.8
15.2 7740 1.2 1.3 1.5 1.4 2.0 1.6 2.0 2.7
15.3 8050 1.3 1.4 1.5 1.6 1.8 2.0 34 34

Conclusion: Dicyclohexyl carboiimide performs effectively in the presence of Cu;0,
ZnPT and ZnO

Example 16

[0071] The following samples were prepared and tested in the same manner as in
Example 3. Results are shown in Table 16.

16.1 Polymer with 3% 1,3, dicyclohexylacrbodiimide and 5% Sea Nine211 from
Rohm and Haas.
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Conclusion: Triazoles are also effective stabilizers.

Exanpl e 15 [0070] The follow ng sanpl es were prepared
and tested in the sane manner as in Exanple 3.
Results are shown in Table 15. 15.1 Polyner with 50%
Cu20, 5% 1, 3, dicycl ohexyl acrbodiim de and 5% ZnPT.

Mozﬂﬂpbl%lbr with 50% Cu20, 3% 1, 3, PCT/US2005/015724
di cycl ohexyl acr bodi i m de %OQZnPT 15. 3 Pol yner
W LR S0%iReg g&%’(kgfam ol o (Wilse) 5%

AN BN :
AN RN i sipsiHyy e smmfox ‘tﬂe«s S

A
T ot rLoH-JTUJ.o 10. 1.0

1 dad a@ol&éutﬁSeaNme

%?‘ﬁﬁ’im% P‘ l%hgxyi d}Jém%eﬁ E&o clbu]ns,cléro ﬁi)cyc [ ohexyl
boiimde perforns effectively in the presence of

Cu20, Zrl}DT and ZnO Exanple 16 [00711 The foll ow ng

@éﬂ%@@s—\/\ere prepared and tested in the same manner as

IF@@W%@HW@/@*‘P est\gqr%l%p%ﬁ 3*1 5 Samge an gllas; o

& st £Eshdia A TR 1Haas. 22 WO 2005/ 110440
PCTI US2005/ 015724 TABLE 16 Vi scosi ty Ratio elative to

AOFE [3155 VI STEOS
I

Initial Viscosi_ er Tine eek lbal \/Ls 123
474 6 Pplssnerfethﬁoi’@%% 1g%qzis 1silyT)
adrc| Pelamer QH&;}P!’%‘? Fﬁ‘ Fody a‘E} sty

bi nder is @é‘i‘?ﬂ‘é‘!’?ﬂﬁ‘f"e with SeaNine 211. a

[Umz](cmm@vq)@mwméo iﬂ“ aﬂ"% ‘%ﬁ’g’f ed
in the sandistEimethylslyl)icar @G&‘Hﬁrﬁ@l- Results re SM
i ¥ .47 aRolymer withi750% BuiQueye Zing W%%‘t%é@‘“i%@@‘? .
o Sl e, Podymier 300 TYe G120, d9% zine oxidep 3Ygliizaprp °PJP?° jde and

Cu20, 10% zil¥ecziosomedinend 3% 1, 3-bi s tr| rret h_yI si | X 2
Clﬂrﬁ)omqumdemth 50% Cu_o,O 10% zinc oxide, and 3% N-(3-dimethyl

propyl)—N’-ethyIcarbodmmde
17.7  Polymer with 50% Cu,0, 10% zinc oxide, and 3% 1-3 dicyclohexyl
carbodiimide. _

TABLE 17
Viscosity Ratio (Relative to Initial Viscosity) per Time (Weeks

Initial 4 5 6 7 8
ID# Visc 1 2 3
17.1 9775 2.1 2.5 3.3 32 5.2 6.9 7.3 7.1
172 5565 1.2 12 1.2 57 12 1.5 1.4 1.3
17.3 11725 * ] * * * * * *
17.4 4975 1.6 14 1.7 1.8 2.0 2.1 2.3 25
17.5 6560 1.5 1.2 1.3 1.6 1.6 1.9 1.7 1.7
17.6 7815 * * * * * * * *
17.7 9625 1.3 1.1 13 1.4 1.5 1.5 1.6 1.7

Conclusion: 1,3-bis(trimethylsilyl) carbodiimide, and diisopropyl carbodiimide axe as
effective as dicyclohexyloa:bodiimid;.

Example 18

[0073] The following sample was prepared and tested in the same manner as in
Example 3 with the exception that the accelerated stability test was carried out at 60
°C. Result is shown in Table 18.
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17.3 (Conparative) Polymer wth 50% Cu20, 10% zi nc

oxide, and 3% 1, 3- bis(trinethylsilyl)

carbodum de: HCl . 17.4 Pol ymer with 50% Cu20 10% zi nc

oxi de, and 3% dii sopropyl carbodiimde. 17.5 Polymer
with 50% Cu2Q, 10% zi nc oxi de, 3% dii sopr opyl

O¥0 BWSIIMIHe and 3% zi nc- onadi ne. 17.6 Pol ynBETHPIRS/015724
50% Cu20, 10% zi nc oxi de, and 3% N-( 3-di et hyl am uo-

y t hyl car Il yger with 50%
i) Robprser ren bR S Dl bo BT,
carbodiimde. TABLE 17 Viscosi Ratio (Relative Initial
Viscosi er Tinme eeks ID# ITullé 8 1 2 3 4 56 7 8 17.1
9775 1 3 17.2 5565 1.2 12
i ﬂwqosw%ago@iaﬂfeéogiuﬂiﬁw R
17. 5 dmitial 1. 832 p.8& P75 8715 6560
151921"?425!)6 @Q110711712_|___1:2 é._l_El*lk****
* % 17.7 9625 1.31.11.31.41.51.51.6 1.7

sipon: 1, 3-bis(trinmethylsilyl) carbodiinde, and

dirtr'sopr opyl carbodiimde are as effecti ve a
dTeyatdbiliming ¢ ffest pOAiEyobgsy! cabedifmide wagcquimpsq atithg higher
n%nlﬁ’%‘ﬂg sanpl e was prepared and tested in the sanme

nner as in Exanple 3 wth the exception that the
accel erated stability test was carried out at 60 C
Result is shown in Table 18. 23 WD 2005/ 110440
PCTI US2005/ 015724 19.1 Pol yner contai ning 3%
1, 3-Di cycl ohexyl carbodiimde . Table 18 Viscosity
Ratio (Relative to Initial Viscosity) 1D# Initial 1 2
345678 19.142500.91.01.01.1121.21.11.1
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Conclusion: The stabilizing effect of dicyclohexyl

carbodii mde was confirned at the higher tenperature.

24 What is claimed is: 1 A stabilized polyneric binder

conposition for use in an erodi ble marine anti -

foul ant coating conprising: a) as the binder, one or

nore hydrol yzable silyl (neth)acrylic copol yner

bj nders; 0.01 to 20 percent by weight, based on the
Whﬂ1 'ﬁ&%‘mg%l fds, of one or nore stabilizers selected

fromthe group consisting of triorgano phosphites,

: t r | S%}q Hﬂ%%gg% ;dﬁlggﬁ'gt&ﬁ oncfonnuste iR AR sr&dEE ‘ﬁ‘l’é?fﬁg'anti-

wher el n sal
tr|imu@anooamhg$:phmptlaegconpr| se tr| et hyI phosphite,

thePkor - “b TR LT by HHRIRBE SR AR it pop imer
1 wherei bmdensd triorgano amnes conprise tripropyl

\%Te ein g {peél?::'glg %\E;g? ?hpﬂ c:x‘:cS)f{WI‘BﬁJlr‘de?';alolﬁ?:]c&,('fﬂl SHeBrimore

5 24en ¢o
conpri s esqamllzeis seleated frop fhei gﬂeumlmnsmng vétsmrg@nomhosphltes

o1 odi bl G REENRATIET. helEamBOERaBac mplindid "

as the btatlediimides and nore hydr ol yzabl e

sil I(met hgacr lic copolyner binders; b) 0.01 to 20

per )t/ né based on the binder solids, of one

or wueuem ﬁl@hldrgmrmospmlmstoampﬁ'lsemettmdpl'@lsglnltﬁ tripropylphosphite,

con of. tri ites, triorgano am nes,
het \bggll%ﬁﬁi)h&e ﬁP?P%’gQ’%Sg@?%p%nds and carbodiim des;
and c) a toxicant wherein said carbodiimdes conprise

2 S e ARG bl ol R s e

mar ctv@pAsH tripropyl amine.

3. The stabilized binder composition of ciaim 1 wherein said heteroaromatic
nitrogen compounds comprise pyridine and pyridine derivatives.

4, A stabilized polymeric binder composition for use in an erodible marine anti-
foulant coating comprising:

a} as the binder, one or more hydrolyzable silyl(meth)acrylic copolymer
binders;

b) 0.01 to 20 percent by weight, based on the binder solids, of one or more
stabilizers selected from the group consisting of triorgano phosphites,
triorgano amines, heteroaromatic nitrogen compounds, and
carbodiimides; and

c) a toxicant

wherein said carbodiimides comprise dicyclohexylcarbodiimide.
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foul ant_coating conprising: a) as the binder, one or

nore hydrol yzable silyl (neth)acrylic copol yner
bi nders; b) 0.01 to 20 percent by weight, based on the
bi nder solids, of one or nore stabilizers selected
fromthe group consisting of triorgano phosphites,
triorgano am nes, heteroaromatic nitrogen conpounds,
and carbodiimdes; and c) a toxicant, wherein the
stabilizers conprises at |east one triorgano phosphate
5. and stabilizsaliolyroeres hindesrcgenposition fog uae iy @ erodible marine anti-

Bletnfggl%n QBQE?HB lggen compound. 6. The stabilized

any one of clainms 1, 4 or 5,
whea)ei n asihd blrtckex,lcmamr nowenbydrolyzate silinetb)actlic copalymer
organi c %}ﬁ ste bi oci de; and wherein said
silyl(nme ? Tyllc bi nder is a
t riryl s0.0ytd 2@ pércantby weightc basesl ani thg bindepsdligseef. ong or more

The sgabl | blﬁ%?? gélggtgﬁ fr%%g%'rc;dpocrbngfsh%frtg&gggé Pﬁéﬂishﬂés

conpri si°ng one  or
S eI ect edtnbrganntahaney betersaoorsatit Nitrggerf canspourdacands

pi gnent s s, fillers, drying agents,

t hi xotro arg&g?rma?s QXSpl asticizers, dispersing agents,

bi og)i desa tcmmabt oci des and booster organic biocides.

26 wherein the stabilizers comprises at least one triorgano phosphate and at least

one triorgano amine and/or heteroaromatic nitrogen compound.

8. The stabilized binder composition of any one of claims 1, 4 or 5, wherein said
toxicant comprises cuprous oxide, and organic booster biocide; and
wherein said silyl{meth)acrylic binder is a triarylsilyl(meth)acrylate-containing

copolymer.

7. The stabilized binder composition of any one of claims 1, 4 or 5, further
comprising one or more additives selected from the group consisting of co-
binders, pigments, organic dyes, fillers, drying agents, thixotropic agents,
plasticizers, dispersing agents, biocides, co-biocides and booster organic
biocides.
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