|

, OPQRe3eap*: 6pT1l Oct ober 2002 ACI D CATALYZED PCLYNERIZATICWN@EN%
EPCMY RESI N EMULSI ONS AND USES THEREOF BACKGROUND OF Tl -1E oxy

resins are conmercially inportant materials that are used exten5|v

e
make thernosetting products for use m coatings, adhesives, “ﬁ&&ﬁﬁk
many ot her applications The | argest vol une of epoxy resins ut

comerce are those 5 based upon the diglycidyl ether of blsphenol@m""2

( DGEBF) ,

f

bi sphenol

epoxy novol ac resins, and those based upon the diglycidyl ether of
-A (DGEBA) O these, the bisphenol A based products are utilized

in nmuch larger volunes than the other products. Despite the fact that epoxy
resins can be crosslinked wwth amno resins and the |ike through the

secondary hydroxyl groups on the resin backbone, it is generally found 10

that significantly higheragienpsratwss candimribAKEN DFes are requi red than
are necessary with other polyols utilized in coatings, such as acrylic

pol yol s and pol yest@reBokyBSxy IR ehhousiing hepredeat TveRgdw nder ed
environnment of the OH groups on the epoxy resin is responsible for this
effect Qobviously, this is usually a significant drawback to the utilization
or' epoxy resins in such coatings, since higher oven tenperatures and/or
bake | 15 tines | ead to hi ghreCKPROWND OBITHB SI\CENTAONONI ¢ or aci d-cat al yzed
pol ymeri zati on (or honopol ynertzation) of rmultifunctional epoxy resins in

bul k or

. N or g@pory sBlnsent csohigrdia@ly impoaanehite knothat preoced exanssiegnbf i cant

commercial inportance Lew s adds are nost commonly enpl oyed, butt |

appropr i atekBrinarsiceditiag ivtksdeafoal sonkeatidgs| balediveorceexarpd<e an€rfarvly (Ed ),
Epoxy 20 Resins Chem stry and Technol ogy, Marcel Dekker, Inca New York,
1988, reporss applicationsl ITHLLARE! va2QO2 of &foxy498)s tihakd ln ahadrhércetare &osePol yer
5ci. USSR, 1984, 5, 589) polynerized glycidyl ethers with conpl exes of

anti nofny pesdédchbdohiedeglydion emet b fispHehbde (Da@adrpepeh] mviocaesids, Addi ti onal
exanples are reported m My In addition, the photomtiated cationic

pol ynmer i zatdsero=Bkd @pox yhel @S 118y iethenet bisKsnanA (BGE Ba) s 0f 6fese oREBlisthahol-

i nportance. As 5 reviewed m May (pp. 496-498), cationic photoinitiators are
mat er i al s A hededupedudphetealtysddsin ganrenager ediiasgHaremnssedr gotdss. whi ch serve
as the True catalyst for the epoxide polynenzation. The general structure
‘of resins obtaima@idyhaPRbyRErdrpay redmsodand érbfdinkdd whaimepoxss Besndiid ers
fromthe linear structure of a b~sphenol-A resin. In the cationic 10

pol ymeri zaké efroPgroeeSecoditrahgibgli gjupwahefe fRMVESkBeheal's derdralptiotnd or

pol ymeri zati on, which occurs by attack onto an activated (protonated or

coor dioat egatidriticanlemigBeraeingd}ra@peX bf@or Dk dtadre rdRural Qmoérer@éeb@r@ne of
the hydr oxyl groups already present on an

15

20

with other polyols utilized in coatings, such as acrylic polyols and polyester polyals, Itis
thought the relatively hindered environment of the OH groups on the epoxy resin is
responsible for this effect Obviously, this 1s usually a significant drawback to the .
utiization of epoxy resins in such coatings, since higher oven temperatures and/cr bake
times lead to higher production costs /

Cationic or acid-catalyzed polymernzaiion (or homopolymerization) of

»
i

. [ .
multifunctional epoxy resins in bulk or in organic solvent.solution 1s a well-known process
1
of significant commercial importance Lawis acids are most commonly employed, but/
|
appropriate Bronsted acids can also be utiized For example, C A May (Ed ), Epcxy

Resins Chemisiry and Technology, Marcel Dekker, Inc.” New York, 1988, reports
e
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epoxymresin backbone. The product that results |s an al coholl) odiabeca00g0
on to react with another protonated epoxide. Note also that attack can
occur ,at the unsubstituted 15 carbon on the epoxide. ring to ~dield the
secondary al cohol, or on the suhstituted carbon to yield the primary

al cohol This is in contrast to the epoxy advancenment process used to nake

hi gher nol ecul ar wei ght bi sphenol -A resins, which is conducted under
conditions where the secondary al cohol a formed al nost exclusively Acid ROH
-+ R O-1 O @GuoRR=QRdriRetOxOP s &R A 0USERC €94 155559 poBaereanggeryl at both
ends or a difunctional resin, it should be clear that even wth smal

degrees ofthepAGkH 86mpBleké b AhtRToANoBRECHBEE®S indtorwrifilorlde, Aot p&dniorid acid. ' ~
- 11 Cctober 2002 which will quickly reach the gel point and yield a

cross| ~nkggditibmdi eR&halek &rdBiRFEaln MENUS, akidh, GRtMHoYA RGO LyiBR¢ zati ons are
very useful for formng highly crosslinked fi nal products |ike coatings and

conposi t egy, #@Wﬁ%%ﬁor%B&qﬂ%&@s%@h@|M%ﬁﬁw%QH%E%QﬁééthﬁcQﬁmﬁoﬂéﬁﬁﬁcAéOna| or
hi gher funcylona epoxy resin is inherently a difficult process to control,

5 and gaci fgefe%m' HERH E?' Xé@ﬁé&%a&dt‘aﬁé AR toR LaH N BIPIHAY &b ﬁ%ﬁefgg.ece

hi gher cul ar wei'g but still tractable products that can t

formul ate I ardener or
R e EQ@@% ﬁ%“zu% st iGNhE

a nelaning @ng @ gyée res%% 0 forma ?ng rpro ag§r rerF'g‘gl%creasmg

concerns §99 ;%E)negatlve effects of organic solvents on the 10

envi ronme nd unan heal th, there is a need in many Industrles i ncl udi ng

the paint and @rﬂ %r%n H%@%E%Y r n%rob‘?élﬁgd"ﬁ%ﬁolwgnzitx%g%?ﬁw%{thﬁw ﬁan

vol atile organic ere are fes to red ing VOC

in the Coat c'axrll Ss c'jnqgr(l’:l.s\ﬁ)nytheq}rlmgar §ruc re o ghgrﬁol r%snw)% theﬁ?%ant Is to

ut|I|ze wat &t rganic sol S°Wii ch had
{dl belen uls d toroc;resduce LOg o\é gsrlsg trr%(:fnl rftor glrnméln"zit loOn to the
p0|nt 5 RE¢EESaT Y Sp?l ? ion repI &84 mhoﬁP HPOYNEBAFY i t h
t t b d
oo ¢ chi ng ﬁ&%rosogxﬁ%'fb?ﬁm“@ @narﬁ%ﬁ?%{?freé o eéis%ﬁ%@fé” %ai?@ %@ﬁh@%ﬁ Fof of the

bi nder resins, o 3 Be f orm of t E%nder Slf
conbi nat | BAOGE | NeBaPEeER A %‘gnaw*hee%e AU AR HeBRBKS" PRsi ns
‘have been enul sified, or d| ers 0.t ter ne coatings, and t he
t echnol og?pWSreF@cbé’?f‘?V‘ebe ir 9r8 \%@ére(sl’f'qa’s %? R%‘?Ol?aih%t $N.90 9n 058R!
" Two- Conponent \Wat er bor ne, Epo atlp% i E. dass
with another protonated egox; e. te also that attack can occur at the unsubstituted
“15  carbon on the epoxide.ring to vield the secondary alcohol, or on the substituted carbon
to yield the primary alcohol This is in contrast to the epoxy advancement process used

to make higher molecular weight bisphenoi-A resins, which I1s conducted under

conditions where the secondary alcohol is formed aimost exclusively

Acid
ROH + RO7 ] — RO/A\T/A\OR + RO/A\T/A\OH

0 Catalyst 5
}_
20 { OR

I

. . . N
Since this process can oceur at both ends of a difunctional resin, it should be

clear that even with small degrees of reaction a highly branched matenial will be formed,
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| ed. ), Teghnol ogy for Waterborne Coatings. Aneriéan Chem,Ga i ;
Washington, D.C, 1997, pp. 71 - 93). In general, speci alﬁpb%tsogégi%and
speci al'ly "desi gned surfactants nust be enployed to enulsify a high
nol ecul ar wei ght epoxy resin such as a 25 bi sphenol -A type resin due to the
hi gh viscosity of the resin. -3 ' . 11 Cctober 2002 _ For exanple, US
4,415, 682 describes the BF3 catal yzed reaction of a polyethyl ene glycol
with liquid epoxy resin to forma bl ock copolyner. T he block copol yner is
-t hen usedwhehemililhsickly reachchegeloreidfard ysod Bdrasgbkedr esadiableiovmeeal, Thos,
devel op | ow VOC coatings fromthese epoxy resin dispersions, the solvent
nmust be 5asidsedyredtdolymeaived. artlSed;, BES Get4odesy highlg srasearoedigiadi gl ye~dyl
-ethers of polyethylene oxide - co propyl ene oxide),. bisphenol-A, and
i quid eppraducasika coatiysepar@niooslied. achadier | the atititatiyzed golyheribbgdn of a
t enper at ure epoxy advancenent process, and then dispersing the resin by
addi ng a aifddibRalafr hgdhee Alnced i@ EpSol reentis mRErenway e riffidultibradegorousntagi t at i on.
As in the 10 above system substantial anmounts of organic solvent are
requi red bAdBBidcaflRRaTHIynéDiz4iid(38rd 0ot bRt iea®hidytso proaces sighyr
i ncorporation of a novolac resin to increase the functionality of the

di sper si Ofolddifarfetgnt hadittiatacRibns 8&3utie th4 @Y FRih b mdNael aAEUeedtinked
enul si ons of unsaturated nononers, the so-called emnul sion polynerization

process, iinWnd®eY rdYielidnCRtan MRkt RX bl niMindrdreWidetl @s anGes dent he
preparation of polysiloxanes, and hydrophobi c pol yesters and pol yketal s, by
the acid gafal yegdctst ep-growth pol ymeri zation of emulsified nononers. GB
2,303,857 describes the polynerization of erul sions of octanethylcyclo

tetrasi | oxane oSt QA SorRbffsatloathe negBivk o HERIRG BRANCOWNRY S tidkew se
studi ed the polynerization of enulsions of "octanethyl cycl otetrasil| oxane

(Hechefg XhaRHHh&R J0MgdWan B thdR0s Q1neé?gﬁfmak@ﬁ@@ﬂgegilrﬁiﬂg:jﬂga@\e%ﬂgye1

8(1), 15-18, 1985, Gaofenzi Tongxun (2), -9,” 1983, Gaof enzi Tongxun (4),
310- 13, 1984ico5qRds8Rdistr] RPIHNcEHn r%ggéeé%vésggfz\)ola@le%ré\gﬁﬁg@Qﬁ’tregt R;O(E)al -
(Polym Prepr., Am emSoc , Dw Polym Chem, 7 (2), 562-8, 1966) al'so

report There are many approaches to reducing VOC in the coatings industry, but certainly one

of the most impontant is to utilize waterborne (WRB) coatings, where the organic solvents
which had formerly been used to reduce the viscosity of the pami formulation to the paint
<15 necessary for application are replaced whoily or in part with water. Of course, since
water is not a solvent for most paint binders, switching to a WB formulation usually
requires chemical modification of the binder resins, or changing the form of the binder by
emulsifying it, or a combination of these techniques.
There are many ways in which epoxy resins have been emulsified or dispersed
20  to make waterborne coatings, and the technology has recently been reviewed (F H.
Walker and M. 1. Cook, "Two-Component Waterborne Epoxy Coatings”, in J E. Glass
(ed.), Technology for Waterborne Coatings. American Chemical Society: Washington,

!

D.C, 1997, pp. 71 - 93). In general, special processes and specially designed

surfactants must be employed to emulsify a high molecular weight epoxy resin such as a
25 bisphenol-A type resin due to the high viscosity of the resin.
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25 the polynerization of emul sions of pernethylcycfosil oxane cou
specul ate that -4 11 Qct ober 2002 since the-equiIibriun1coi&§ﬁ??§?igﬁo%f
wat er ,in emul si ons of polysiloxanes is very .ow, that polynerizations to
form pol ysi | oxanes, which are step-growh equilibrium processes involving
addition and | oss of water, would be ideal candidates for such a

pol yneri zati on process. 5 US 4, 355,154 descri bes a nethod for pol ynerizing
enul si ons of hydrophobi ¢ pol yaci ds and pol yols to make pol yesters using
traditional poFyooadetsatd o4 18abaldgstrbes ti® @F 32958 rdesonidie a process for
maki ng pol yacetal s and pol yketal s from enul si ons of polyols and carbonyl
conpoundspdigathgets gded mdthdlgupalppep déensdbinon btak abygyser. Thesdoak e al so
-egm i bnum or reversible, processes, requiring relatively hydrophobic

monomer s ddpopnierdetheh @sag i ewelsdy dsefutibn degeeir spoxpadsyrerbwatdrom. There
appear to be no exanples in the chemcal literature of the cationic (i e.,

aci d cat alazeg) iowNaNC EEMRHSIINethe0s POy RerididdardiaHE, tHRO yBRf kzat bon of
nmononers emul sified in an aqueous nedia, such as chai n-grow h

ppl ymer i zatdsequdHiy yasatay at ed monomers or ring-openi ng pol ynerization of
cyclic ethers. This may be because 15 cationic polynerizations of this type

are in_ general yknowys G4 acAbkd a8ty ASHcHA APt 8 QY EINYRHE Fhdetatti ons by
trace inmpurities such as water Thus, in aqueous emulsion systens, the

equi | i bri uByeiaRs eRikE AbispRe- VBhETiqdd ebbe) REGaDbRRRAS SulsutitURlky fairly
high, on the order of tenths of a percent to several percent, and hence it

woul d be ﬁg}rqui»,gﬁg%qteﬁweéﬁatmlébw Eaﬁhb%ewg&sg?arﬁﬁ tBEh%H'pErsnr%Othy‘?‘%SI%

5,766, 768 di scl oses two conponent wat er-based conpositions prepare y

eact | ng B1ARIACD (RLACY Qcaihdhlo eavkra S S| AR 1Al 07, EUhREEYeS.

t he enhance ecul ar” wei ght "epoxy enul si ons bei ng prepare

gng{ﬁ]iezés e Trs]f;erén QEB&ST%‘P&%%(:SB%?JHZ&&%%M {NRT 21D LAG Y RTGIBRREs AN
US 4,608,406 modifies this process by incorporation of a novolac resin to
increase the functionality of the dispersion.
The free radical process for pelymerization of agueous emulsions of unsaturated
monomers, the so-called emulsion polymerization process, is widely practiced. There

15  exist only a few references to the preparation of polysiloxanes, and hydrophobic
polyesters and polyketals, by the acid catalyzed step-growth polymenzation of emulsified
monomers.

GB 2,303,857 describes the polymerization of emulsions of octamethylcyclo-
tetrasiloxane with sulfonate surfactants.

20 Y. Yang and coworkers likewise studied the polymerization of emulsions of
octamethylcyclotetrasiioxane (Hecheng Xiangjiao Gongye, 8(2), 100-4, 1985; Hecheng
Xiangjiao Gongye, 8(1), 15-18, 1985, Gaofenzi Tongxun (2), 104-9, 1983, Gaofenz!
Tongxun (4), 310-13, 1982; Gaofenzi Tongxun (4), 266-70, 1982) D R Weyenberg et.
al. (Polym Prepr., Am. Chem Soc, Div Polym. Chem,, 7(2), 562-8, 1966) alsc report

25  the polymerization of emulsions of permethylcyclosiioxanes One could speculate that
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SUMMARY GF THE | NVENTI ON The present invention pLovides a od for ki ng
aqueous enul sions of polyneric materials by a noh-reversibl B V¥W§r%§§tion
process. The method conprises dispersing a hydrophobic nonomer in water in
t he presence of a surfactant to forman 5 oil-mwater enulsion of dispersed
hydr ophobi ¢ nononer particles and non-reversibly pol ynerizing the

wat er - bor ne nononer particles mthe presence of an acid substance. A
preferred enbodi nent of the invention provides a nethod which conprises

di sper si ngingde s QRBRRCconcBNtratiFRANG WREer & eMYRIBPROPOIGsIeYEldsas @ERaBwNOMer
in water in the presence of a surfactant to forman oil-mwater enul sion of
t he di spetrae@oflthehysticnphobire faNAERINepARbiLE kaSstapdratan egeveish Blatesses

pol ymeri zing the water-borne nononer particles mthe presence of an acid
subst anceinyWRAELaRItBnNHBo SDRARE, fREEI RS déS cﬂﬁcﬁ@atéb%rrs@&\lbtpoly$ne'ﬂhzatlon
honmopol ymer whil e the use of two or nore nononers affords a co-pol yner;
hence, thg.eekynerization process may be a honopol ynerization or a

copol ynmeri zation. 15 An especially preferred enbodi nent of the invention

provides a met f@gdﬁs@s@ﬁegg@rlb@g a?ﬂ%ﬁ%‘%r%%h%‘n?ﬂﬁ eﬂiuls@mymw gﬂebxol s from

epoxy resins The nethod conprlse I'spersing a ITquid epoxy resin in water

with the ?b@ra&tjs %é%&ﬁ@%@%k& [Eltg}saurklr% !r% |{bn%5§§co%@$§itlgﬂggfa{|ﬁ9 Xy

resin par es and P ner|2| e wat orne epoxy resin r es in

the pr eselﬂ%e4 %f74 %5§ HQ? @)(éladpr s% b%%ﬁg&l@géﬁlb Qné%pﬁ@gg'f%‘?ﬁé qsmgrge

i nvention, aqueous S ons mul t I"ohal e€epoxl ae COﬁpOUﬂ are

treated wt olgﬁl%taﬂ!j% o Ewgl cic%dot%'u}ﬁé ﬁsnh%trgchggﬁjaq§Rly£%d%h9£|%n%r atal hs'tsghfﬁ

mol ecul ar ° con ydroxyl

aroups. than, L6 8L ALAN0 ShOK.ERTRUI Accar g %yﬂve@ﬁ%ﬁ%pwos.c s

i nvention SI on epox esins contal

hydr o roup 002 tlonally epoxi de groups, mhere
t he p%(;(lyynerz t|rEc)c’naw'e\"ebae‘ésn{_:%lf;lcgﬁC egpﬁ err%%tfnent of an emul si on of | ower

nol ecul ar wei g furt odi nent

h
provades conposi efoﬁ%[}/e nEﬂ%%%?PFﬁ5ﬁ§Sé?eW6§hﬁ%§§ﬁeS%mFﬁ? @“8@615|0ns of
| The 5 | sified
bol ymer i ¢ 2 Ba%’%?'giedgég’@cﬁea?ﬁsgﬁp b R R A T

 f | at ed ke ti
L el e TR 'aaﬁ%?ﬁ?sr%%'mgrogvdw'é@e%%awr?@%w Aadiehyde.

resins, to el d hi . .
omers oprmal-opemng polymerization of cyclic ethers. This may be because

15  cationic polymerizations of this type are in general known to be quite subject tq rapid

termination reactions by trace impurnities such as water Thus, in agueous emulsion

systems, the equilibrium concentration of water in the organic phase is usually fairly

high, on the order of tenths of a percent to several percent, and hence 1t would be

anticipated that polymenzation would be difficult.

20 US 5,766,768 discloses two component water-based compositions prepared by
reacting enhanced molecular weight epoxy emuisions with amine curatives, the
enhanced molecular weight epoxy emulsions being prep;ared by polymerizing water-

borne epoxy resin particles in the presence of an alkaline substance



crosslnked filnms exh~b~tng good hardness and sol veni resista t
relatively | ow bake tenperatures. 10 DETAI LED DESCRI PTI ON CF?gﬁﬁ%WNVE@ﬁQ%)J
The net hod' for maki ng aqueous enul sions of polyneric materials by a non
reversi ble, or non-equ~iibrium polynerization process conprises dispersing
a hydrophobi ¢ nonomer in water in the presence of a surfactant to form an
oil-in-water 15 enul sion of the hydrophobi c nononer particles and
(hono) pol ynmeri zng the wat er borne nononer particles in the presence of an
acid substance, Exanpl es of SOMNWAREGH HHE,INVENTCDNequi i ~bnum

pol ymeri zati on processes include ac~d~c (cationic) polynerization of

hydr ophobi ¢, etThylpessecainkgntwngadvides 2 chetranicfoemekiogppoemdssmuisines yf vi nyl
-mononer s, and the acidic ring-opening polynerization of hydrophobic 20
cyclic et pelysmeriBynatéryas bphobhcévarsiblerpjodimdrzati@apioceds. orrganeodRbe prigks t hat
forns two phases when conbined with water, wherein the equilibrium

concent r atiisparsgfy ARy bpHBLidRonsgarh tvaidas end sreb@ss dfhanfa0nby eahahRt . . By
"non-reversi ble" reaction is nmeant a reaction that proceeds fromstarting

nat er & (Shi-trowBlePdrtilston Wi didpRredohyAfIphbbiinddn sl G cRRtardaRBL 08 sty
products) to starting materal (s) Those skilled in the art wll _7 A 11

Cct ober 2003 nrerikRg AN ZRrbBAT BN aRMIANS thaNRsandeasan Md fasence. i n
free energy between reactants) and product(s), and hence a | arge

equi i bri um consgandretiQmidifnéRas tHeORvenliBR pYduds JTRBORE NG MSESHbrded this
i nvention conprise those hydrophobic ethylenically unsaturated organic

conmpounds 4i¥BiGR) 4 HydtegsbdidvibN8n@Holndr OF nPEePRSHI N8, chc BRleY FRASHRY irf@bi-pni C
pol ymeri zation 1I'n sol vent or bul k Suitable vinyl ‘nononers include any

hydr ophobj et hyd £k %@g'sﬁﬁé'ﬁﬁttbwﬁkﬁ 5&)191[\9%% Qrﬂﬂl?ponf&ﬂ s gt hers,

especially styrene, and esters and ethers of vinyl alcohol, vinylam des

F . ; & L 4T o ud
Such g% glhy%@%%a& %%91%68% te%%Qﬁéﬁ-ré%“r‘ﬁbg%gﬁe{%f\gg WBleESolfie! ude

propyl ene, ene, Isobutylene, styrene, styrenes, vinyl

acetat e a%n\éirr{(%:pamé%rnﬂh% prggid%le%?iahraisnld%ajbg*jaﬂgé ”Wﬁ'éyel a ﬁ@@%@ﬁﬁ%ﬂ?g”d but yl

et hers, vinyl ori vinylTdene chloride, and the

conj ugat eddiene JOBAIELS, | 1ol HdgBUIAL) £k BOPLENR oSk apentadiene,

di vi nyl behzene, vinyl e he cationi c aqueous emul si on

pol ymeri Z%%Er%@ aoéo-bg\ﬁmgﬁ mélwgéq,i-‘:f?eabcglymg&sa%BHrp%c%gs may be a homopolymerization

or a copolymerization.

15 An especially preferred embodiment of the invention provides a method for
producing agueous emulsions of polymeric polyols from epoxy resins The method
comprises dispersing a liguid epoxy resin in water with the aid of a surfactant to form an
oil-in-water emulsion of epoxy resin particles and polymarizing the water-borne epoxy
resin particles in the presence of a superacid matenal.

20 Thus, in an embodiment of the invention, agueous emulsions of multifunctional
epoxide compounds are treated with certain acid catalysts to produce emulsions of
higher molecular weight products that also have a much.higher content of hydroxyl
groups than the staring epoxy compound Accordingly, a feature of this invention is an

aqueous emulsion of polymenzed epoxy resins containing hydroxyl groups, and
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nononers can be perforned mthe presence of effective anount
substance 15 and enulsifiers at >0C,. preferably from 20C, i1qkééaﬁ‘28bg
tenperatures up to about 100C. Normally, all of the nononmers are enulsified
with the surfactant and water and then the acid catalyst is added to the

m xture. However, if desired, additional nononmers) can be added by del ayed
addition as is known in the polynerization art. The cyclic ethers ,useful
in this invention for polynerization by the ring opening 20 mechani sm

conpri se ghitRiafly ePoiidld gl E'ewﬁérg‘?ﬁe bHNGEHARBH IhkY bbsn Paidveafoyarainmerber or
| arger ring, nost especia ly a 3-, 4-, or 5-menber ring including

t et rahydr gf WhuksisPbEbY e CoBlRLAH wglgﬁp@mw%n@wﬁh ARBE catlisef
ul tifunct~enal epoxies. Contenplated as the functional equi val ent cf the

cyclic ethers usghbb: dRbodiRkst ;SrB\‘/a&'-S@ LNt fn@%‘?‘ﬁ%ﬁﬂ@@tﬁwgc%%@%sed on

containing an azindine ring. ITlustrative of ring opening polynerization of

s LR IRL0A00D s A8 L 1 Sods oblFchodd Ol peedpsordation of the

aqueous enul si on non-reversi bl'e pol'y rlza epoxy resins The net hod

f
g L A i
nt t |
b PSSP0 AP B L BB o2
a,_superaci I or m

Lﬁlm ejlmmP Qél?s gﬁ% asymel m| e tofm aﬁ igrac}e r@sgsg tgloec{“u

(0] epoxy resin u Sl

m 5 wat er, vm th tQ
partlcles THwar's
presence of Ci ro

conpr|5|ng t nalé epoxy
conpound resu r nopol xture o nor e
epoxy compauNiLEaYeT Al a g s @ﬁ%? AR T st s Tt &t 4Rt benc  on
usef ul epg_ﬁ fupctionalities range fromabout 1 to about 4 Such epoxi des
are descri DB PH'S® Tanaka, "Synthesis and Characteristics of Epoxides”, in
C. A y, ed., Epoxy Resins Chem stry and TechnoJogy (Marvel Dekkar,

1988)1 The nonof uncti onal epoxi de conpounds useful in this invention
conpri se those conpounds contai ni.ng _one 1. 2- X|ran roups per nol ecul e,

whi ch can be successful§§ @%ﬁ£ﬂaﬁ§%fvpﬁmﬁﬁﬁ§ ﬁgt contain basic
functional grouyps that mould destroz t he catal tlc act|V|t¥ of the acid
catal ysts or fURCITHAST YR FHECUS FEYSRDSH EVU‘ﬁH%F“afEH 'Y B3AGPY aci di ¢

conditions used in the grocess of this invention. qPIes i ncl ude phenyl
reversible, or non-equiiibrium, polymerization process comprises dispersing a

a polyner

r—r

hydrophobic monomer in water in the presence of a surfactant to form an oil-in-water
15 emulsion of the hydrophobic monomer particles and (homo)polymerizing the water-
borne monomer particles in the presence of an acid substance. Examples of non-
reversible, or non-equilibrium, polymerization processes include acidic (cationic)
polymerization of hydrophobic, ethylenically unsaturated monomeric compounds,
namely vinyl monomers, and the acidic nng-opening polymerization of hydrophobic
20  cyclic ethers. By "hydrophobic" material is meant an organic matenal that forms two
phases when combined with water, wheremn the equilibnum concentration of water in the
organic phase is less than 20% by weight. . By "non-reversible" reaction is meant a
reaction that proceeds from starting matenal(s) to product(s) without a nontrivial

concurrent reaction of product(s) to starting matenal(s) Those skilled in the art will
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gl yciglyl ether, cresyl glycidyl ether, and egciHyI et hers of q#ﬁgg ipﬁ?Ch
as dodecyl al cohol 20 The nultifunctional epoxide conpounds é S

i nventi'on ccnprise those conpounds contai ning about 2 or nore 1, 2-oxirane
groups per nol ecul e, which can be successfully enulsified, and which do not
contain bask functional groups that would destroy the catalytic activity of
the acid catalysts or functional groups that are reactive under strongly
acidic conditions used in the process of this invention. Exanples include
25 epoxi dessoghuzpehatwnsatatcabedhflegantde ORERANATIecncgP MBIt GO reactant(s)

epi hal ohydrins, glycidyl _g_ 11 Cctober 2002 derivatives of hydantoin and
hydant oi naf@btotati¥esnd abyed ddrgebdensiuel caelayy fr e reatiephol s, gl yci dyl
-derivatives of triazines, and g?y0|dyl et hers of pol yhydric phenols

dycidyl ether sh@fvrr@orn)éhmees PRANA s iRGdrsde cbgngd wesdlyarepihatis of
di hydri c phenols, including resorcinol, hydroa, ui none,

bi s- (4- hygfr@?@ﬁm%r@uﬂééctur{é%oo&ﬁgmi|c%m68@rﬁlﬁ>n?prcaaly used In the art for preparing
1, 1- bi s- (4- hydr oxyphenyl ) - et hane

2,2-bis-( I 2 \
(4 hyd?oxé ngﬁﬁ?%ﬁ%gﬁggﬂﬁHﬁ??ﬂﬁé%ggﬁﬂRﬁPspb@Ts§?ﬁﬁﬁaﬁ?Q£?%mgﬁ§ ypgfgpane

( nmor e Comgih ch Qfﬁr nﬁ:g UrQ.JIat@Ltedqggvagbr%ﬁ('\é ‘QYQE %MBD%’PQ"QSPHB&

(nore co omn as " bi spheno nay contain vary ng nDunts

of 2-hydrayy %X!é e%%???ﬁéérhe?snér w;}?arl:bﬁ‘oﬁ’ vuri‘;ﬁ’ QEJh aLsel, w(%( it rdgf epoxy

resins are’the hat'i ¢ "epox are manu y Uni on

Carbi de C%RBC{n%%E%esT% ..é‘%?arﬂﬂﬂééfﬁ% 'ré’p”%'nee@R@EQee rgo%”gﬁér%d% nade by

oxi di zing cy exene ¢ ar nl en acr 0ss he doubl e

bond. Usef Iést t%&% b eQaEI'ngI c%%é/arrr gh {/\?Dgwgtleugﬁlgﬁhll %%ﬁjwmg ‘é%?? and

ERL- 4206. seful I's rnv are e epdx novc si ns,

whi ch,are i_dyl s, of ovoI ; Th erre Iyepoxy
corrpouﬁds a?gou lg& ?%IVV 'g%\(?r'det her %deg?%ﬁkoggﬁeaﬁgjl hPA“k tﬁseﬁtag{?acﬁg u% ?F gI yci dyl
et hers of b~ spheno - A, h crd and epoxy
novol ac r 65 ReTOHRTRI U%r%tgd‘%’ ISR YR ey,
20 et hers f bIS mqu . In order to prepare a sable enul sion or
dispersioﬁ &t ?Ienlcally unsat urat ed nmononer or cyclic ether
nononer, a surf ct ant

U f act ant's st eA LAY 5‘5@'@*&%@{?%%? e hvsmeibtnaliaies ¢ i nto

t structural t h th d t
el 1 - omul STRATHGS c355TRET 8 HREN A S o e A L COIEI T AT JOPPPEBF ¢ hat

are of otential use in_ this -10 11_Oct ober
p and emulsrrLrjers at >0°C. preferably from 20°C, to elevateg temperatures up to about

100°C. Normally, all of the monomers are emulsified with the surfactant and water and
- then the acid catalyst is added to the mixture. However, if desired, additional
monomer(s) can be added by delayed addition as is known n the polymenzation art.
The cyclic ethers useful in this invention for polymerization by the ring opening
20 mechanism comprise ethers in which the ether functionality is part of a 3-member or
larger ring, most especially a 3-, 4-, or 5-member ring including tetrahydrofuran moiety-
containing compounds and mono- and/or muitifuncticnal epoxies. Contemplated as the
functional equivalent of the cyclic ethers useful for this invention are hydrophobic

compounds containing an aziridine ning. llustrative of ring opening polymenization of



- Particul arl

!

i nveation. A good source for finding such surfactants is Pﬁqﬁ tg)g 3’1@ “Jol .
1: Enulsifiers & Detergents, published annually by MCutc Ieo M
C Publishing Co , 175 Rock Rd., den Rock, NJ 07452. The requirenents for
surfactants for this invention include that they yield an enmulsion with the
required stabiliiy for the 5 application, that they maintain stability
under the | ow pH conditions of the polynerization reaction, and that they
not contain functional groups that interfere with the catalytic activity of

- the acid bRl #drsAs bl %&rtﬁfxo@é’fﬁﬂ@%ﬁ@éﬁ@ A BsibMBo M ANcAINbIE
surfactants Nonionic surfact ants are anphiphilic nolecules that contain

both a hyq,r&mgrgz?f;? $@5|rlr§b| e) portion and a 10 hydrophobic portion.
surfact ants are nonl on| c sur f act ant s where t he

hyd hi | hed t
hzd;gghgb:acmﬁl()::ihleﬁgeﬂg??ﬁoégjqé%aqggyal t c ﬁ’a[é I C nol e?éxﬁ%%gﬁugl ngO :

e Rl %’Pg%@a%o?% &@Wpoqc%&%%éké@%%&‘ﬁZ““
EQ PO

Gl o s PR AT bes bR i ﬁ%‘%'g?%iﬁp% S g CRs iR
emJIS|f|er t.o vi.el eomge'

Coa | ar g@eried ﬂwgihwf%?mgr TS e PR et OE%’hé"éﬁtp Bkt

ai d oneln choosi.n r actant is the HLB, hydr ophi |l e-1i ophlle

bal ance ot THE it ity Bheo BB SPSIgRP e B GRPAIRe Y IR ERERO TS0 £ HLB
5 where i s equa t he wei ght n drophile in the surfactant .

T e e adEth LS 9 ds DR T B S i B e e i T Al o

t he wei ght erce t of -11 ' 11 Qctober 2002 o%th | ene oxi de.

i nformati oif Wé%af]tmor@ BYEIFPPRE CHI B R EPES & %PBWECPW%%EF&H@?H s,

and the preparation of emuyl si.ons _can be found in M J Schick, Nonionic

Surfa Pant‘%‘/qﬂH%PE%fF R i 9“3"%? e ok arout TNR /PRSI SUCHEPOX|IES jage

usually found that in general, in order to forma stable oil-in- water

emil si on, 5S5RSE Ak ZREKAN EHTBETRPEE SURPGIeHR IR SHEROYSRLeM S Ao,

Furtherm)re it is often found
Epoxy Resins Chemistry and Technology (Marcel Dekker, 1988).

The monofunctional epoxide compounds useful in this invention comprise those

compounds containing one 1,2-oxirane groups per molecule, which can be successfully

15  emulsified, and which do not contain basic functional groups that would destroy the
catalytic activity of the acid catalysts or functional groups that are reactive under the

- strongly acidic conditions used in the process of this invention. Examples include phenyl
glycidy! ether, cresyl glycidyi ether, and glycidyl ethers of alcohols such as dodecy!
alcohol

20 The multifunctional epoxide compounds useful in this invention comprise those
compounds containing about 2 or more 1,2-oxirane groups per molecule, which can be
successfully emulsified, and which do not contain basic functional groups that would
destroy the catalytic activity of the acid catalysts or functional groups that are reactive
under strongly acidic conditions used in the process of this invention. Examples include

25  epoxides of polyunsaturated organic compounds, oligomers of epthalohydrins, glycidyl

-9-



- epoxy 15 resihs may be used Iin thiS 1 nvention whic

I

t hat. surfactants within a fairly narrow range or‘HLB val ues te?ﬂé&g morE
best to emulsify a certain conpound For exanple, the inventors O?%h goz
that to enul sify Epon 828 bi sphenol - A epoxy resin (epox; de equival ent

wei ght or' 188 to 195) in water, nonionic surfactants with an HLB of
approximately 18 are suitable. This is not to say that sone 10 surfactant
with an HLB value significantly different from18 will not work, but r
ather to give a starting point for the trial and error process of finding a

- good surf getanted 6f nydBBtFPEL hidanfRPLdfatilan @Eidh%’?ﬁ’ers%f P& i AEdRs,
preferred surfactant’ is Hydropal at 65 surfactant” from Henkel Corporation

ALt er nat i ygliv Aty BARER 8hlohesCld @) A QIFERL of YAy Bhdall e enul si ons of

avol ds the necessity of

preparing the epoxy, I%ﬁ‘n%ié“o%&). Brﬁ’é’ﬁherf%fs%aﬁc% {h%%ﬁggthgrgiég dmlﬁﬁaf Com

commercially avall abl e epoxy résin enulsion 1s

Shel | Chenpj 0. ' th | sk Ei iLf ti I
cpoxi do cargatrid C i g Eerk® PRI g e B S S P S TS D8 e
desi t echnical fect | [ . The 20 acid h [ W
st o L FSTAL SRl BEL S8l o ERY £ St FRFS S LM BIR B Lo 1
o mor e CEEUET e i RSBl A T B O G PRGEBY e oS CPRBr S of
di hyd h I h t dj gl yci dyl et f bisph | - A Anot h

requi rome oM GETOHE SRR Rat R FEE Pl e A = "8 GOBGTE e um
for sufficient tine to gwe éhgmgesired technj cal -1? .'hll Cb%ober 2002

ef fect, of {Haf® Pﬁ@h%?%%ué'f‘ WEFED TR PRI VX ING MDA P PREREr are

t hensel ves _aci ds _of fficient strength to achieve the desired technical

S

ef fect. Tﬁ?”ﬁ%?daWﬁpﬁﬁW§ls er substances used in the pol ymerization process
are any of those ter soluble acids having a pKa of ~2, preferably -"1,
especilly a SAPBIEEFoeiUEagh T4RP8 BEIGE"T OF PREIBRLE AP BF ManY BRI si on
pol yneri zation are di scussed bel ow in the cqontext of agueous enul sion

pol yner i z&f§ BRANGRCHBELYY MBS f<LPIER FORAHY o MRS FGIRUBILECiRSIFb AR XS d
especially the structure of the nono- or nultifunctional epoxide conpound,

sui t abl e &BMASUNYRCTAHRPHPHERAY HEPBRXENECGRIFINNSIAMRNNES HepHsOXVE8sPer s of

" sulfuric acid and superacids. Mneral acids include sulfuric acid,
across the double bond. Useful cycloaliphatic epoxy resins include ERL-4221, ERL-

4299, and ERL-42086.

15 Also useful in this invention are the epoxy novolac resins, which are the glycidyl
ethers of novolac resins.

~ The preferred polyepoxy compounds are the diglycidyl ethers of bisphenol-A, the
advanced diglycidyl ethers of bisphenol-A, the diglycidyt ethers of bisphenol-F, and the
epdxy novotac resins. The most preferred polyepoxy corﬁpounds are the diglycidyl

20  ethers of bisphenol-A.

In order to prepare a stable emulsion or dispersion of the ethylenically
unsaturated monomer or cyclic ether monomer, a surfactant (i.e., an emulsifying agent)
or mixture of surfactants must be employed unless a portion of the monomer has buiit
Into it structural units such as polyethylene oxide units that make it self-emulsifying.

25  There are many surfactants commercially available that are of potential use in this

-10 -
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10 hydrochloric acid, perchlonc acid, nitric acid, phosphori i he
I'i ke. Organic sulfonic acids include both aromatic and a|iph§€ﬁ%*§8?$gﬂ9%
aci-ds. Representative sulfonic acids that are comrercially avail able

i ncl ude net hanesul fonic, trifluoronethanesul fonic, benzenesulfonic,

dodecyl benzenesul foni ¢, dodecyl diphenyl oxide sulfonic, 5-nethyl-

napht hyl enesul foni ¢, and p-tol uenesul fonic acid, sulfonated pol ystyrene,
and the 15 sul fonates derived from pol ytetrafl uoroet hyl enes. Superacids are

2 par i oibspion URGEHY olrast Shafg bt AL PGS ES Rl st | nvent i on

and are defined as°acidic substantes that are Stronger 1n acidity than 100%

. Siperaci a%%g%é%gqéoﬁm%egd el P flhe s F RGeS
perchl CnCCc3201"f ! l(fsféEIFpo’cli.thj bjfl%éonﬁ;[ hr% géé’]rnérggkoq suggcqants tar this

per f 1 uor oal Ky Isul onlc aC|ds i'ncld ewl s superacids such as

SbFsS, TaF%’veN?c%:SmF fFJ)dFeStHa‘%l cé{dl d an CI d\ﬁltt‘?‘ Sc—:ore%u%gr_sga%llrllg%é%gﬁ\ln fluoride in

conbi nati ON W ew S a AsVSUE bFS, PFS, and

BF3 They also ncl u at ed nste cids, such a

FI or o0l Pt oS SR %ﬁtssu{vf%wer edf® JHilres s ol riomei o
in-13 tober 2 conbl on W h Le bFS, TaFS,
NDFS, _PFSIE3SH1E 638 t%ﬁ?%ewm 80Pl depEaiis MR T HEE AR e ¢ ha
are stable in %$ under the reaction conditions. Particularly useful

super ac~d&°1'aY é%a?ﬂb%€§§ in general, and for the polynerization of

di gl ycidyl ethers of dihydnc phenols in particular, include perchloric, 5

t nf | uor omet hanés¢ief dfiacs Obé‘t"?"’lc{ﬁﬂt%éreléw §‘81"P6'ﬁ|5€rfacft%fftﬁ af\‘IOUGPWb’ﬁf@CtaQF?d
hexaf | uoro phosphoric acid %HPFG er mmerai acids such as sulfuric and
hydr ochl oRlc2RENGNIGAY'SSHES h%‘@DPFHHﬁEadﬁ?&?“&ﬁéWa%ésﬁUWS RS AN 8ni ¢ and
met hanesul fonic acid, were found not to be effective catalgsts for the

pol yne? i PHETOBACRE PPHENdPGIt %EEEIWS%TF‘h%WQS‘@”Bi YBRERGNCAUTRE PG YN te
superaC|ds are effective catalysts in an aqueous nediumfor the 10 emul sion
polynerlzQVW@ﬁhﬁFPGHQPV%?H9V6@Vﬁ@?§”6?CH@HQHW¢US6H@H@P§OWH§PE§§°B?her
strong mneral and sulfonic acids are not effective is of itself a

sur pri si ng/Nidsigetthenan aramade pr KiRHake TRELY. influgincafieriipsoseh eyl as. npar

" strength of any acid is limted by the basicity of water. Thus the

st rongest 2a€ibdasHed iatsracl aihaylaasusagel et stoexviaies. W@dé'éﬁﬁﬂ‘leef%fet%ylw%t on and
a water nolecule or nolecules, generally denoted in the chemcal literature
as H30+. Psldﬁfmﬁ,wr@nw!er@thmqfiéd?@ésblar»lee@@mrisam gnather usgfrbclaes df st rengt h

i n aqueous sol ution, and the whol e concept of having a superaC|d in an
aqueol’® msdifastenisul d be t hought to be

it will be appreciated by one skilled in the art that finding a suitable emulsifier to
- yield a stable emulsion or dispersion of a given epoxide is to a large extent a matter of
trial and error. A useful concept that can aid one in choasing a surfactant 1s the HLB, or
hydrophile-ipophile balance of the surfactant For a nonionic surfactant, the HLB is-

20

HLB =

ol m

where E Is equal to the weight percent of hydrophile in the surfactant. In the case of

simple polyethylene oxide based surfactants, E 1s equal to the weight percent of

-11 -



- resin. In genera

!

i npossi,ble on this basis. Wiile not wishing to be bound by,,t heor it s
rhenanentor's hypot hesi s that the reason thg t echni cal effg1c1tIa @ﬁé@hbgg
in the present invention is that the superacid has 20 sone equilibrium
concentration in the disperse, organic nononer phase In this phase, the
concentration of water is relatively low Thus, within the disperse phase
it is possible to achieve higher acid strengths than are possible in the
aqueous conti nuous phase, and pol ynerization is achieved - 14 11 Cctober

- 2002 The 2O ensgg!de f%en%gﬂr ggagaaxgwmuﬂe PREILALES, ABYCRRMDY Lpe 10

to 90 wt 9 era Xy~ resin totar sion

el ght andu actant Oanaptkg]é)?é;{%%%n ofte%ui]sQ %b%%frﬂdckwpg %?ﬁ/&ngglo% Coxy

ant ageous O USG Sl n as

i bl 5 .obt ffi I t Ho
oo the SRR SO AR o) S et

| si i nst lit f t trat houl d
o) bt A B RS AR O SRR S

conditjons and to &Q{ condl ons E} mer i ion, as.th i, S will reduce
cost shd" RisHaPEE: Ut B ot £ LD veheab RS abReCREI DAL P8R ect | ve
anount of superacid for po}iil rizing the, g ersed epoxy resin partlcles i's
added to #1SHGREBYS el 3 H’Esllf‘(?ﬁ’v"er Pae P Lﬁgﬁlﬁﬁﬁt&“ﬁé@/"‘%%@‘e‘?t fFBmHE1 to 1
Gw% preferably 0 1 to 3 w% suFeraC|d based on t ot al ght of the
enul si on. a'Pﬁé‘atqu%/”P%UPEabenxﬁﬂé%i%tt %Wvﬁﬁtfirso*eavﬁé?“fr&tﬁetdoét’“%s 4
preferablé 10 to 60C, and any pressurY, preferably atnnspherlc 15 After a
suitabl e AEEPBROIYY SRRIYRER (SRAXCERINASIeAEWRIBPEY  188He 1PRdR Melfi. Tee¥Bpped by
neutralizing t he agqueous nedi um by the addition of a basic substance such
as an aquéblactanF d‘t“ihc?r‘i‘ BB th‘%rkﬁmﬁf"b’rma?%aﬂhitﬁ@e nefialrs PP 6%y et 6#M&n anor e
such as triethylam ne. Bisphenol-A derived epoxy resins are essentially
| i neat0 poByRe¢3Nt Wit s BhBealueciagéisartvediiergnbier Hé wilbPGt AR PUE FRERe Al
structure ~. -

give a starting point for the tnal and error process of finding a good surfactant for the

specific application at hand. A particularly preferred surfactant is Hydropalat 65

surfactant from Henkel Corporation

Alternatively and preferably, certain commercially available emulsions of epoxy

15 resins may be used in thrs invention which avoids the necessity of preparing the epoxy

resin emulsions. A preferred example of such a commercially available epoxy resin
- emulsion is Epi-Rez 3510 resin from Shell Chemical Co

In order to polymenze the emulsified multifunctional epoxide compound, an acid

catalyst of sufficient acid strength to yieid the desired technical effect is required. The
20 acid strength required will depend on the nature of the multifunctional epoxide starting

material For example, it s known that the cycloaliphatic epoxides cescribed above are

much more reactive with acid catalysts than are the glycidyl ethers of dihydric phenols,

such as the diglycidyl ether of bisphenol-A  Another requirement of the acid catalyst is

that it be stable in the aqueous medium for sufficient time to give the desired technical

-12 -



C~-~'"-1.0000. ~0C0 ~ 00 OH -15 11 Cctober 2002 wher I e S
the average nunber of repeat units in the polyner. In contrié[b,Ct?ﬁér 586%
structure of the polyner derived fromthis process when diglycidyl ether of
bi sphenol -A (DGE6A) is the starting nmaterial is significantly different
fromthe 5 structure of typical advanced epoxy resins shown above, and al so
different fromthe structure of epoxy resins prepared by cationic

pol ymeri zati on of epoxy resins as reported by Tanaka and Eauer m C A May

- (Ed.), ' Epgxs Regbie & SR ASE BNAL QM witnNdiE€hre DRk ELIved BEids ofNew
York, 1988, pp 337-343 Eased on a conbination of 13C NVR and matri X

assi st ed . kagielenda@aoigRt IothRE 2@ 4o oGV ) offlRES 10 spectronetry, it is
bel i eved that the polyner has the follow ng structure HOO OH HO OH 0~0 1~ O

J- QOH Jn wher e 74w, M§95e9¥|'s_c‘r' QL 8Sa0QERd B, AB p%&h’%rrlz!atiidﬁkﬁgges%;%gg\xﬁ%?m

between aromatic ring 15 units 1n the repeat uni't structure, ere the

resul L1 N9l el s ADSal at e aTRRGAL, ULIraAn - Bider.he, saooadary. or

primary or a conbinaticri ry an ry (onlyt tter is

h b " .
Shown 80oucl b -L1E ARG AL BrCR PRI A 0,0 80cTTg RO

addi ti onalt J& n?g‘}t O%mi ! souf ar mlg etl‘herﬁ_/fhi icato' onoxofrpgxglroxy groups in the
r epeat uniq ST UCure §OuR g dP?i"gﬁ,“%lop orPRear y—all of the epcxide end

O 0UpS AT MY e WIS P R b e SR Rl g

Cct ober Z%Ou%tlfunctional epoxide compound, suitable acids include mineral acids, organic sulfonic
acids, esters of sulfuric acid and superacids. Mineral acids include sulfuric acid,

10 hydrochloric acid, perchloric acid, nitric acid, phosphoric acid. and the Iike. Organic
sulfonic acids include both aromatic and aliphatic sulfonic acids. Representative sulfonic
acids that are commercizally avallable include methanesulfonic, trifluoromethanesulfonic,
benzenesulfonic, dedecylbenzenesulfonic, dodecyl diphenyl oxide sulfonic, 5-methyi-1-
naphthylenesulfonic, and p-toluenesulforic acid, sulfonated polystyrene, and the

15  sulfonates derived from polytetrafiuoroethylenes.

Superacids are a particularly useful class of acid for the purposes of this

- invention and are defined as acidic substances that are stronger in acidity than 100%
sulfuric acid. They are described in G A Olah, G.K.S Prakash, and J. Sommer,
Sugleracidg, John Wiley & Sons  New York, 1885, Useful superacids include perchlcric,

20 flucrosuifuric, tnfluoromethanesulfonic, and periluoroalkylsuifonic acids They also
include Lewis superacids such as SbFs, TaFs, NbFs, PF5, and BF3 Superacids also
include hydrogen fluoride in combination with fluorinated Lewts acids such as SbFs,

TaFs, NbFsg, PF5, and BF3 They also include oxygenated Bronsted acids such as

sulfuric, fluorosulfuric, trifluoromethanesulfonic, and perfluoroalkylsulfonic acid in

-13 -



|1 Vhi] e not wishing to be bound by theory, it is believed t he i cal
structure 5 results froma pol ynerization mechani sm where bﬂ:dc}tggﬁff %@ﬁéﬁ

begi ns by first hydrolyzing an epoxi de by addition of water to a protonated
epoxide This is followed by addi-tion of the glycol to a protonated epoxide,
to yield the repeat unit structure as showmn. R~ ~ H'0 0~ ~H R~-OH ~H OH HGL
R R~O~ OH The polyners prepared by the pr ocess of this invention can be

crosslinked using 10 a5 crosslinking agents that react w th hydroxyl groups

Many such grasskibnlNg Llawgédsag&h ka@Oslqﬁsgﬁgpngaﬁgdﬂpgrsr@I BEATPOR B! dg 4ch

crosslinknmg agents include the so-calléd amno resins which inclu

mel am ne-{ nggﬁég@y%etg5§§%@§e}raéwseﬁé{%@%tﬁfmy\?ﬁ?rr L(?rﬁzielpgveehre ction conditions.

_benzoguangm ne-f or mal de esins, glycolury or ma yde resins, as well

s Lhe ether | i SRLLMRLLY SOl bR Bl 630, | Thew ALRadssgri ed 1 Z W

Wcks, F.N Jones, an ci ence anhd T et hnol ogy,

2"d Ed., \é;{,ggne%ézg ﬁoenr gfccilﬁg@g’yl em%\% %mep{nﬁdé{%%gnolg R c;a%c- Zgln%ﬁ% E%{jch%sri%f ul

cl ass of st i'nkers react groups are hct "onal

i socyapat es, The [ ribed in Z W. Wc F N Jan S P Pappas,

o oo - oot G e o R Sy o el O 2 R Tl encor New
Yor k, 1999 180 - enpl oyi ng. ammm _resj.n. crosslinkers it is
freq- tentprﬁgﬁzja'ﬁcf;ﬁe%@&l?@}?rf%ef.%%ﬁ%&_ PR R e ol
ormul ati on. in n e type o m no resin enpl.oye i s may, be a
strgng ?pioégﬂzgﬂz St %ﬂf@hsulﬁg aﬁfp}s!ﬁ%feaﬁluko?'ﬁaﬂ,c ”bertr%(‘e%g%‘?fié‘f’ a%%‘i"ﬁ”ﬁﬁ%ﬁﬁ s a
car boxylic aci or example, fully al kylated melam ne-formldehyde resins
such as hEShIREAHBISHLE RoPRSI B ECHEISTAR (T de= PEYPRY TR CESOST Ty
require a -17 11 October 2002 strogng acid catal yst, whereas high i mo,
partial ly al kyl Bdach B} Srll@e?aé%d?‘ﬁ%leﬁ%q%l"e £atalEEKn ﬁ‘\éia&“%%&sdpﬁgi’@ TF’fgthleong term
storage in a one conponent formul ation i§ regui red, it is common to bl ock
the acPd GHIUFQRPONITEHZH NS HANCKYRFINRE, O AU B BISOMIERESETE” S5 yst s
are commercially available In addition, one conponent fornulations often
contain 5 VBER PIESYCWIRAIE FEER" Fest Ralafe @EHRABNY "Hirttaid Wegkpryn

ethers and the |ike which inprove the stability of the formuiat; on.
that in an aqueous solution, the strength of any acid 1S’ limited by the basicity of water.

Thus the strongest acid possible in aqueous solution I1s the complex of a proton and a
water molecule or molecules, generally denoted in the chemical literature as H3O+.
15  Thus, all strong acids are'essentially the same acid strength in aqueous solution, and
the whole concept of having a superacid in an agueous medium would be thought to be
- impossibie on this basis.
While not wishing to be bound by theory, it is the inventor's hypothesis that the
reason the technical effect 1s achieved in the present invention is that the superacid has
20 some equilibrium concentration in the disperse, organic monomer phase In this phase,
the concentration of water is relatively low. Thus, within the disperse phase it 1s possible
to achieve higher acid strengths than are possible in the aqueous continuous phase, and

polymerization 1s achieved
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- resin crossli ker S

!

Ami no resins and polyols are not usually fornulated on the basis .o

st oi chi onetry) bu? r;ther on a wei ght bgsis In part this is 3Eé&?ﬂg?%@09%ct
that many am no resin crosslinkers self condense at rates conparable to the
transet henfication 10 reaction with polyols, and also due tc the fact that
many am no resins have a very high functionality and all of the reactwe
groups need not react in order to achieve useful properties. However, the
exact properties that one obtains are a function of the ratio of ammp resin

- to polyol, andqiheghe sé@a@%%ﬂ. &%xg%gh%‘éﬂlc%g%éfé’énh&@e 1 Reygmal |y

found by running a nunber of exaeriments varying this ratio The ratio of

the wei ght,of %Pé%égléﬂslééé’%wr ﬁ&’%-g?m%f Fécf‘Sn ?c&félre%ﬂ}ls@ﬁ'%%@%l 2hk 9, 2gTo

s that use roperties can vary fronm about
95 5 to 50,30, D@njdtopl o884 %%Lch\aFt%Qs%Q%Hte 89>(/E‘e%lt° 60:40. The time and
tenperature o re fof an am no resi consi derably dependi ng upon
t he nature of the cat the blockln nt for
the catal yst i ?” %%%erialmt' ésvgﬁ a)gegﬁjtot%S %j‘é%q H?J(Spe y B8 est redbqg%at al yst

| evel s_ can yar% %1gboutf YSW Ea%ed on t ot al én SO|IdS totabout
10% Cur e°P8Hp ?’éme AV S I e ‘P"é%&rwaﬁeﬂ E%Bj&?tec%“é) “?o
about 300C, and, cure tines cap var rom sever al s to st . a few
Seconds FBI"eR: ﬁﬁ%s QBT Y 'aﬂgl%?s'tw@ﬁ"w %ngvg Bihacied. Pt o

t enper at ure _ and ure ht for a substrate that
cannot toF%’F%ﬁQ%”trﬁoﬁge% ashir Buta e 8 R uwarﬁar'ﬁ?gto R IS ng, i n
contrast, Qct ober 2002 cured. for ? E% few seconds at a
very hi ghsiaé?%p@rsé?rﬁ%c% HRPSEROP Ehewriddiens 8118 PYMELZaAT 8¢ (g ¥ty anat es
useful 'n cur!ng the polyners of the current Invention Include both

aromati c ﬁﬁﬂmﬁﬁpﬁhﬁFVEmﬁ§%€V@Hﬁﬁ@§$UﬂﬁﬁﬂF”%Féﬁﬁ??Emﬂgbcyanates i ncl ude any
of the 5 connerC|aII¥ avai |l abl e aromatic !socyanates such as tol uene

di i sotYanate (AT BEFIVUFPREHAT FERITARR I, PAVTHAEGI)RARPESENBPTY &R ar omat i c
i socyanates derived fromoligoners of the reaction o fornmal dehyde and
ani | i ne. RPISIRES Bdfashioyhpatexcusmesdide 8HG Bifedtine 2ewriemaY &ansy Eamalibl e
aliphat!c isocyanates such as |sophorone dii socyanate (I PDI), hexanethyl ene
d! i socyan& &0 piivDPieferably Pet toyd Wk arveeRrideirsed ondeiel wpiabieo! thy gmutpion.
(4-isocyanat ocycl ohexyl ) met hyl d!isocyanate (H12MD1), tetran9|hylx | yl ene
di ! socyanat e ( TIORDIOYMeaEtGoIepAEan B2y %@?@Wﬁ%%’sﬂ@rtéﬁ%& yeterrely 10 o

pol yneri zat! on of misopropenyl -a, a-d! net hyl benzyl !socyanate (mTM) In
addition,6@%3&WH#$vexeﬁ$H$héaahmphaﬁbépmﬂ@.aronat!c d!i socyanat es such as
the!r I'socyanurate taners, biurets, and adducts with pofyols such as

t nmet Wyl ol pr opaifer arsentalls degrzefof boigmessdtionkes Sctwred Hee e&ctours sitppeavent | on
as are !socyanates nod!fied with hydroph!lic no!et!es wh!ch render them

wat er di spersalrg thsagheas Batiydury XPaddtdh drobaBaydrstatorpudthes esocyanat es
may be used w thout nodif!cation, mwh!ch case the fornmulat!on w1l nopst

| i kel y be agueowsoshaiventt anwikah caajgeling méel nhangitgof aroamfeacth eas of an hour
to a day or so, where the Isocyanate and polyol are stored in~separate

cont ai ner snahganmineed

Bisphenol-A derived epoxy resins are essentially linear polymers represented

20  generically by the following chemical structure:

D)

| e
| £>y/ﬁ\o \w/! T§i§l+ox“\l;A\O/IzzEI/A\Tizilt?/A\K<g
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20 prior ito use, Cure tenperatures for these systens generalygf@pge Jgper —n
anb! ent tenperatures to noderate baking tenperatures of 120C Tﬂe reactions
are usually catalyzed with tin, bismuth, z!rconium and other netal salt
catal ysts, or by tertiary anml nes, or by conbinat!cns of netals and am nes.
The i socyanates nmay on the other hand be reacted wth a bl ocki ng agent that
is released to reformthe isocyanate under 25 bak!ng cond!t!ons, wh!ch can
then go on to react with the polyol of the current Invention. -19 11

. Cctober 2002 Useful blocking agents include volatile al cohols, phenols,
ket oxi mes, and b-keto-esters, and are well known to those skilled in the

art. Catalystsypir h aéorégzerw%%v@mgb@mafber Bf feheatt WRs GORARAterf Or mul at i ons
- are also er,~ployed in the one conponent fornulations Relatwely high bake

tenperatures ranghiihs iaRAUE P o Qe L@ rERRhioYeshesS wHBRRIUN AV, agai n

on catal yst concentration and cure time requirenents. Coatings prepared

fromthe pggt eﬁbxeﬁhérm;\qev@a@;&) i mg%mramm%mxap.e s%%#:'carﬁ‘tl&ed]ﬁer@@ﬂr@ﬁ the
formulated with a wide variety of |ngre di ents well known to those skilled

in thear gtr@étu@%ttya?&lfaeomeatebefy resnelsHOWAS LS. ‘éﬁ&‘taf%o diftdrd @%m Bignent s,

pi gnent di spersing agents, rheol ogy nodifiers, t hi xotropes, flow and

| evel i ng g 45 ARTOBIPIRn Sl Eod 0 gf’eétﬁdﬁ%pﬁymé{ﬂﬁsﬁﬂﬁ BHERL:y 08628, be appl | ed

by any nu of t I ques I nc ng spray ctor bl ade,

and the |ike f0al 'Iaarngk}a(gﬂg\% L&} ik €a GOR ébg)naé ovaQ?Xs@Qéﬂ?ét 9,Re applied

usi ng speC|aI|ze ustrial equi pnent mpl oyed ~n coi

coat I ngs. THUIRS ol M@éﬁm&sﬁﬁ uslibablead o, 39 @@ﬁgwaéé gf, coatings of

this invention roper sur understood |n

the art. paf %zjr%lgm r?gir m@@pﬂﬁ? H‘l SQH ed?lr ?er%% ﬂ/l%ﬁgattuoon WD/ yrR§

net al icu arI ste nln um and  vari

Gt ool G R SO0l 'Seg%éeﬁ%bﬁ‘fo%’”’v% “aaif%%”gvé S or Znét?%”'geif

Hydr opal at 65 surfactant (a oS@bsollds solution of a nonionic enulsifier
from Henkel Corp.) The m xture was alaced in a Hobart mxer fitted with a
slotted paddle and m xed for 3 m.n The m xer was turned off, 350 g of

Aral dite 6010 bi sphenol -A\ype |liquid eggxy resin (EEW 190, G ba-CGeigy Corp
) was added, and the reyanas | m xed 5 mn at speed 1 ?Eiianother 5
mn at speed 25 An tiohggA?O al i te- 6010 resimpwas _adsed and
mxed 5 ni f%t gpeed 1~and 5 -20(° 9\%/QL AK\)ﬁ k\/)\\/l:ﬁ:f ~
OH
A\

where two glycidyl units joined by an ether linkage are prasent between aromatic ring

15 units in the repeat unit structure, and where the resulting hydroxyl groups in the repeat
unit'can either be secondary or pnimary or a combination of secondary and primary (only
the latter is shown above) Inthe above structure, "n" can range from 1 to 100 The
NMR spectrum also clearly indicates the presence of branching units, where additional
repeat units form by ethenfication of hydroxy groups in the repeat unit structure 1In

20  addition, all or nearly all of the epoxide end groups are hydrolyzed when the reaction is

taken o a high degree of conversion, resulting in the presence of glycol end groups.
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11 Cctober, 2002 m n at speed 2. An additional 300 g of Arald!te qp% ;ﬁﬁén
was added and mxed 5 mn at speed 1 and 60 mn at speed 2. %
continuing'to mx, the mxture was then slowly et down wth 530.7 g of DI
wat er and m xed for an additional hour. The final product had a nmean vol une
averaged particle size of 619 rimand a '"theoretical solids content of 5
60% EXP, MPLE 2 Procedure for Measur!r!g Extent of React!on by IR

Spectroscopy -- A feM/drops of erul sion were placed on an
out - cf - conpar t fRRke Rk 8d Ak b@/emé&?tlﬁ{@%hé&/@dzﬂat%e dRerhleal ste@hlre
avai | abl e from Spectra-tec Inc , Shelton, CT The enul sion was sneared

acr 05s the.&aklons E%%e\-\éét%\ rae&%grrpwkér@%@@&cnm@q,néﬂeysﬂ@k hguelz1e

evaporate fromt resul during wh ime the m changed

|1 appear anae (o, rgdh,lﬁ%ggfﬂwg&tf = G 8lqds YOLEA | Bl SIREAGESS RRlADOUt

1 mn. The spectrum scans) was then tained i n absorption Mo
then proc " A The hei ght
of the geﬁfd@géggaﬁghﬁg@$%Q% é%gasg%§§@%5¥§°%%8§P§”&§“§§§gﬁkﬁ@h neasured
and diyided into the hel ght of the epoxy ring absorbance at 916 crn-'. Thls
yi el ds”a normalized absorbance for the epox!de, since the gemdi nethyl
group is !pert toward the react!on cond!tions. To estimate the extent of
reaction as a functron of tine, the nornallz d“eggﬁé absorband&-at tine t
was di v! ded t he normalized 20 ab ce at t=00EXAVPLE 3 Pol yprerization
of L!quid Epoxy<Res!n GaDaFy%ed—byRPerchIQﬁlc_Angaﬂ | at' o~ gt@ss~Ffar was
pl aced 200 g of the emuls!on of Exarr,gde 1, followed by 2050 g of 10%
perchlonc 25 acid !'n DI water. The m xture was shaken for 1 mn, and then
an IR spectrumwas run -21 11 Cctober 2002 according to the procedure of
Exanple 2 to establish the epoxide content at t=0 After 27 hours of
reaction at roqmtenperature, the reaction was quenched wth 6.99 of 10%
NaCH sol ution, MRS BIEReerd %‘I‘e;ﬂJP%ﬂ‘SSPfé"? BYST1R8 G810 ot Ak %P% of
the 916 cm' band nornmlized to the 13& cm' band indicated only 7% of the
epoxi de r éﬁ%ﬁSH@ﬂ”%ﬁg@ti Hieé reachistany eyl §FouPRi Marutserh STCSBIANIRERT DR a
st eel 8an also dried tack fr ee to a Light

known and of industnal importance Such crosslinking agents include the so-called

amino resins which include melamine-formaldehyde resins, urea-formaldehyde resins,
benzoguanamine-formaldehyde resins, glycoluryl-formaldehyde resins, as well as the
etherified denvatives of these resins. They are descnbed in ZW Wicks, F.N. Jones,

and S.P Pappas, Organic Coatings Science and Technoiogy, 2™ Ed., Wiley-

15 Interscience, New York, 1999, pp 162-179 Another useful class of crosslinkers that
react with OH groups are the multfunctional isocyanates They are described 1n Z.W.

Wicks, F N Jones, and S P Pappas, Organic Coatings Science and Technology, 2

Ed., Wiley-Interscience, New York, 1999, pp 180 - 207
When employing amino resin crosslinkers it is frequently found necessary to
20 include an acid catalyst in the coating formulation. Depending on the type of amino resin
employed, this may be a strong acid catalyst such as a sulfonic acid, or a weaker acid
such as a carboxylic acid  For example, fully alkylated melamine-formaldehyde resins
such as hexamethoxymethy! melamine-formaldehyde resin (HMMM) usually require a
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1

touch in about 10 mnutes (i a , after water evaporation), wher @erOP?
of the starting emulsion simlarly drawn down remai ned tacky indefinit

The %olids of the product (1 hour, 110C) was 59 6% 10 EXAMPLES 4-10

Eval uation of Acid Catalysts -- As in Exanple 3, emulsions of Exanple 1
were treated with 1 % acid catal yst based on total weight of enmulsion. T he
acid catalysts were ali added as 10% sol utions in water Epoxide conversion
was neasured after 24 hours usi ng t he procedure of Exanple 2. Nunber

- average (MP% gzgﬂa‘g’gngﬂl r\{@n‘é‘?laas% K Mo, %%nfé‘ﬂk%ﬁ?!a?éd Pé@lhgpé?O%C%lIQ$Ev%Fm ”_ed

usi ng GPC a {he sa nples "at t Imes 1 nd ed tn

. I- 22,, JI \:}'Vll %xb%%eaﬂyés%gglzlgn,g tpﬂm stq) a([é% ﬁg%%%éé%%n%‘@ﬁ@%,oﬁ% }e’auéggl_ggr CS%SS]iJl n
':r~t 555: g_im#'nsol Cgﬁglg‘ataﬁlét giagﬁgg a |ne 6%.@ m%rg/a%}%%goa%d cﬁzaﬂﬁztzd C
e ft”.“”‘iﬁ?‘*ﬂf?a‘ﬁ?i T o
scpar ~§ e égﬁgﬁelaxfé’rﬂo %ﬁ%‘bo‘ e"&ﬂ%ﬁ‘ ol. &y [ﬁtF?{S &hea which

hydr G, rhI DrlC 2C11; urI ~r 5I rftllcr CCndltIDnS ar al50 In2iivC | \%
Cai al yS' t &nPovR JispStakyll Vt‘%t@_foﬁﬁé??o”r he hypctheSi S thc; Vary St.'Drl~ aG dS

(SJNa~ cCldS~ ara r~ulied |0y e~ ~ective aoly"~en~ati;,n of ~GS3:"..
Note al so That “T'DRASTRIF Trﬁjep%'%é I%’F “W"Qfﬁ?m?%?te%/ﬁﬁt@p?ﬁaﬁ "ﬁol ymer

catal yzed by H-FS was neasured at | hours, erexy cor:version was 1~
riEaily CEAPIUDey dptathersqy awpight bséf?t 7n F’iaft s IS *Qé%f tth ME"WC $CUl ar
Il ~el -~yhi aS i25t G iaS:cr t~iarl percnlChc Gcld. EX = = 11 Cc=ring
For~i ' | U~@MIThregiit eovainters SPEEPW%FeIaF Frées @rpparapletq_wa@nsatbgpnﬁqatton ~~'1 a
gl aSS Jar was 15 placed 2: £ of the res;n cf cxarnoln =, %

ReSi ~ F%r~ée%Cf'O”W7thl-Flf°b1°|‘§i IWFWSQ Ei@E??lTﬁCt(tBB‘l meMa2MinAgeyins ‘26@55 vl

wa:er, and 0 0 g Dr a '1G ~o solution cf p-tcfuene=ulfenlc -23
functionality and all of the reactive groups need not react in order to achieve useful

properties. However, the exact properties that one obtains are a function of the ratic of
amino resin to polyol, and the best formulation for a given application ts normally found
by running a number of experiments varying this ratic  The ratio of the weight of epoxy
15  polymer solids of the current mvention to amino resin crosslinker solids that yields useful
properties can vary from about 95 5 to 50-50, and preferabiy from about 80:10 to 60:40.
- The time and temperature of cure for an amino resin can vary considerably
depending upon the nature of the formulation, the catalyst level, the blocking agent for
the catalyst if one 1s present, and the exact properties desired. Catalyst levels can vary
20  from about 0.05% based on total resin solids to abeut 10%. Cure temperature can vary
from ambient temperature {about 20°C) to about 300°C, and cure times can vary from
severs] hours to just a few seconds For example, combinations of high catalyst level,
low cure temperature and long cure time might be empleyed for a substrate that cannot

tolerate high temperatures such as wood paneling. A coil coating, in contrast, may be

- 18 -



11 Cctober 2002 acid in DI water. On a solid weight basis, {his represents
an 80.20 ratio of polynerized epoxy resin to MF resin. The EgﬁﬁﬂﬁﬁyZWH%
formulation was prepared filns were applied to Bondente 100C steel panels
(QPanel Co ) using a 2 ml wet filmthickness drawdown bar. After a 15

m nute flash at roomtenperatur e, the panels were baked for 5 30 m nutes
at tenperatures starting at 90C, and increasing in 10C incr enents At 90C,
the coating had an F pencil hardness and showed visible attack with 10 M EK
-doubl e rubsred 3N Vavi Bed2D8s B4 EGydaybleanpeudisret dsing a moravasdesitieonbl et el y
renoved fromthe rubbed area. Wth a 100C bake, the coating had a 0.9 m |
dry filmthbgkpess, 4H pencil hardness and showed no effect from 250 MEK
“doubl e rubs I't al so had 5B 10 cross-hatch adhesion, a 60 gl oss of 90, 56

in-1b (65 cm kghoc@idL6d udMMACEurr@dnde plyird & thd 4duesmtkglent@vecseeibapact .
Hi gher cure tenperatures (up to 160C) gave conparabl e hardness and MEK

doubl e 1 Ub Jre}icSt-ANGBnatR SIBbEatd? LSerCoMBATLAL IsseydFaads NGuE@amIbahEon Based
on a Commercially Avail abl e H gh Ml ecul ar Wi ght Epcxy Resin Dispersion in

Wat er - j 1 i i £ egl Shel |
s g}ﬁﬁdrﬁrélg"ﬁaﬁaﬂ@ XRAhAR QR ks FRin %tég@%?@né%y%t esbn (

Chem cal of Resinmene 747 resin, 9. water, and 0.6 g 10%

p-t ol uenesibLonkE.askd L 1 Be WAL MDAC SRS didiakc O EndiBabEARkif . Epi Rez

resinis a sol1ds di spersion of an Epon 1007F fesin (advanced

bi sphenol 'oﬁgoggeréﬁ%g?@%g%jarcﬁzgsrgﬁldeﬂy@e BYLMRLET a4l RoByRRARLNANSNy

bl end, wt on"solids. In order to apply this
formul ati (o] I

the sor i o §F ETuErE SEenk e e ek R AP R e e
appi i od ahi bhaer A ERTBRE ERekPar e PP P e AR o e e
1106, 4 2h T SRR R S Ly T B S BTR REns "Dou: here
1 3L Lt SRR Opk T b UL AD MBSl EptRRe AT SO
oo o e B oy e ho Al SRR
(e 1M Sypmnnel completelyaved, L om e, pubbed area., Wen bpled o
250 MEK d%ggtlu?ts I;Nll'ltRSp’oly%gosldg.I\] as tnmethylolpropane are also useful crosslinkers for the
15 current invention as are 1socyanates modified with hydrophilic moieties which render
them water dispersible, such as Bahydur XP-7063 from Bayer Corp
~ The isocyanates may be used without maodification, in which case the formulation
will most likely be two component,.with a pot life ranging from fractions of an hour to a
day or so, where the isocyanate and polyol are stored in'separate containers and mixed
20 prior to use. Cure temperatures for these systems generally range from ambient
temperatures to moderate baking temperatures of 120°C  The reactions are usually
catalyzed with tin, bismuth, zirconium and other metal salt catalysts, or by tertiary
amines, or by combinations of metals and amines. The isocyanates may on the other
hand be reacted with a blocking agent that is released to reform the 1socyanate under

25  baking conditions, which can then go on to react with the polyol of the current invention.
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the area .on the fiimthat had been rubbed coul d be di scerned,. (AN
thickness was 0.6 ml. It also had 56 cross-hatch adhesi on,d]a1 ég&éalehsé;aogf
119, >160'rn-1b (>185 cmkg) direct inpact, and > i 60 in-Ib (>185 cmkg)
reverse inpact. Further increases in 10 bake tenperature (to 160C) gave
har dness and sol vent resistance conparable to that achieved at 130C. These
results clearly indicate that the resin of Exanple 3 could be cured for 30
mnutes at 100C to give a filmw th conparabl e hardness and sol vent
.resistance to a 1, N6 epoxy resin dispersion of the current art cured for 30
M nut es at’SeBOEloCk5aERRANIRCude WA ABIFPhOL. iRBANGIF. HEHRNITRS 298 PoketpERiE Resi n
Cat al yzed by Perchloric Acid. Into a glass jar was placed 100 g of Ep~-Rez
. 3510 resi RNESheMel CReMT Ealhoey skilled igdg 36| Faswsiiug Silero dfoskisspierrsi PAP@poxy
resin stabilized by a proprietary surfactant). Then 10 g of 20 a 10%
sol uti on &¥° CpEPEREBAR MHETIPNMAIRMEIE? eNRYYEE dededng prmpenertiermytationsng. An IR
spectrum was i nmedi ately obtai ned according to the procedure of Exanple 2.
After 89 Irslatyelthighobaiet temperaitngs earmmm hen abRusPEette 49 IOneecmmddyadhat onl y
6% of the epoxide renmained at this tinme Two 45 0 g sanples were then poured
of f fr5omdehesdingagainon catattsticenceTiatdn grst cuadmegagyieniendsdd with 1 67 g of a
10% sol uti on of sodium hydroxide in 25 water The other sanple was quenched
with 4 73 g of Gratiod s@patdddnorothe ieset bftre@muerenPiBventidn a@d tcolsehnk2@d2an  ( TEA)
mwat er. Coating fornulations at an 80.20 ratio of polyol to nmelamne resin
cat al yzed bsi fotm@2B3Hdoviir-d w(Ceenestyidh owresieds det inswh icdboswsiaicpnepar edof r om
t hese sanpl es using the procedure of Exanple 11 The sanple neutralized with
sodi um hydoeengiryilietdednaudontovents, Hidersspgmedtsnpigdanadepansinh 2350ts VEK
doubl e rubs when baked at 5 110C for 30 min, but when baked at 100C for 30
m n t her e rnadosy mghitiedatregeropegrio?ShdMalelidguklsedefudrsersThie sanpl e
neutralized with TEA yielded a coating that showed no damage with 250 MEK
doubl e0r ubs whelvdiakedf tats 190G tbA K2R Be Bh AT TATESMIUENEr OFtebNEGISEIRhALdINg
APPLI CATION 10 The invention provides a nethod for the preparation of
aqueous emmprsi, GASHEFoliPOldybRF Bladesprichaliky/tnpobkibive ipBleyksnd s@MTRPPXY
resins, suitable for use in agueous coating conpositions that can be curEd
at | ower trespekatbyrgslicddHPdRcARREdlRdos?Bal equipment such as that employed in cotl

coatings. Numerous substrates are suitable for application of coatings of this invention
with proper surface preparation, as is well understood in the art. Such substrates
15 include but are not imited to many types of metal, particularly steel and aluminum, as

well as wood and various piastics

EXAMPLE 1

Preparation of =poxy Resin Emulsion -- in a stainless steal mixing bowl was placed

20 109 g of deionized (DI) water and 77 g of Hydropalat® 65 surfactant (2 £5% solids
solution of a nonionic emulsifier from Henkel Corp.) The mixture was placed 1n a Hobart
mixer fitted with a slotted paddle and mixed for 3 min  The mixer was turned off, 350 g
of Araldite® 6010 bisphenol-A type liquid epoxy resin (EEW 190, Ciba-Geigy Corp ) was
added, and the mixture was_mlxed for 5 min at speed 1 and another 5 min at speed 2

25  An additional 300 g of Araldite 6010 resin was added and mixed 5 min at speed 1 and 5
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11 Cctober 2002 CL~IWi S| Maim 1. A method for preparing an @%ugobge? 02
pol ymer emul si on whi ch conprises di spersing a h~~drophobic c r h%(?
nononer in wafer in the presence of a surfactant to formdi spersed cyclic
et her nmononer particles) non-reversibly polynerizing the water-borne

nononer particles by ring opening in the presence of an effective amunt of
a water soluble acid material having a pKa of <2 and stopping the

pol ymeri zation after a sui tabl e degree of poI yrrEI rization has occurred by
.addi ng a basi ¢ substanpce Caim1l1l in which the hgdr_ophobl o
mononer i §'&A! %Wl%rf\’&éw 9‘3%39@@&{ G‘Faé? E?da(?’?@rféﬁ‘ﬁrwassadd“?ﬂénﬁé‘ﬂ'ﬁo‘a 6‘?'”0 am 2
in which the nononer is an ethylenically unsaturated hydrocarbon,

- et hyl encafl ?pﬁﬁ‘?sht?’l‘ﬁ 8¢ 8 8t freed Zan'Valg @““BF‘”Glt%WX éﬁ‘%@‘ﬁ%‘Fre "éf"séﬁﬁj‘ 66’&%‘5ed
diene, a vinyl amde, an | m dazoline or a styrene 15 4. The nethod cf Caim
2 in v:~hi E‘éﬁot"’ﬁé"”??[ﬁﬁ??ﬁﬂf Df watsneagmiRe! for E%ﬁP@H‘éﬂa'@P% e finz! BIAYSEY t ut ed
styrene, cyc!opentadiene, vinyl acct=te, vinyl butyrate, vinylmethy! ether,
vi nyl pr oc?éd etnez" VQ)PW?IQNEF)@PC* eeHele siaf CPfﬁWcﬂﬁ'P ar¢ géheqyet,rgaﬂ F@@ﬁ@oé?ﬂﬂbpf d=,

di vinyl benzene, divinyl ether er N-vinylformam de. 20 ~ | hp nethod G
Calms IBOWhI QI tile a.~, fd materi2l a a mner2l 2Gid, oil O ~cAlC

sU ~OnlC acid, an ester uT sL~I~UrICadd O a s;."'~era.™.ld. _ 7~ o~ 11
Cct ober 2002 ... he nl;"10e: ~v. Cal”1 1 1n VUM C 1 th_ad,."~ n iatkr;
ai .5 S:3'Jr;~ "cold, ~";y~r pC'llvr IC acid, perchiorrc acid, "i:ric
acrd cr oncsp, hor,c acrd, h ~, ' Cl EXAMPMAR-h the "~ to T .e m.:hod cr
aim;., act,. r~,arial is ne:hanesul~oni" aid, 5

trifl uor oFetdeaines ol MEasutna@Extdnt dd Reasinesioy (R Speadroacdm, -- A few drops of
dodecyl b=n~~n~sul fcni ¢ aci d, dcdecyl diphenyl oxide sulfc~nt acrd,
5- et hyl - Bmuégpdnt Weteepiesad ¢rean out;ciaiodpartioentdbtemetsitbfzoraflectaccel 455ahtSenat ed
pol y5;yrene or a sul ~onae derived ~rcm pclyte:r afluoroethylene. 8. The
met hoti0 of fi&} @alinedaliahlevitinc Bpedtes-@ehdnt ~&tellaralCTi SThe esoydepaeiad.smeared
across the cell surface using a soft cotton pad. Water was allowed to evaporate from
the resutting thin film, during which time the film changed in appearance from milky white
to clear Typically this process tock about 1 min. The IR spectrum (32 scans) was then
obtained in absorption mode, and then processed to obtain the 2™ dernvative of the
15 spectrum. The height of the gem-dimethy! absorbances at 1383 and 1362 cm™ were
then measured, and divided into the height of the epoxy ring absorbance at 916 cm™.
~ This yields a normalized absorbance for the epoxide, since the gem-dimethyl group 1s
inert toward the reaction conditions. To estimate the extent of reaction as a function of

time, the normalized epoxy absorbance at time t was divided by the normalized

20 absorbance at t=0

EXAMPLE 3
Polymerization of Liquid Epoxy Resin Catalyzed by Perchloric Acid -- Into a glass jar
was placed 200 g of the emulsion of Example 1, followed by 20 0 g of 10% perchloric
25 acid in DI water. The mixture was shaken for 1 min, and then an IR spectrum was run
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10 9. The.nmethod of CGaim8 in which the super acid is perthDotobes 2fi2d;
“luorosul furic acid; trifluoronmethanesul fc*~ic acid; perrlucroal kyl sul ~: ~n;
c acid;: SbFS; T aFS; NoFS; FFS, 6F3; hydrogen fluoride in conbination v~lth
SbFS, T aFS, NbFS, P=5, or BF3; or sulfur ic, fluorosulfuric,
tri~luoron-~ethanesul fonic, cr per'lucrcal kylsulfonic acid in conbination
with 15 SbFS, Tars, Nb'5, FFS, or LF3 1 g. The nethoCc. Caiml in

, >uhi ch the h; ~drophobic nononer is a cyclic et her which is polynerized,

- by ring openlrﬁg‘g ) Ilérgg@%;.: Sﬁ??xarfnélre Ph e%r bli %%p@%HQQHﬁteBﬁgM%r LG pol yol

&0
enul si on i ersin opho cri” monorrer in

-Q’ﬁéeﬁoh Py eaﬁttoyr%???ﬁﬁ%%?% e B (I O e TR R e 159' -
ﬁiié?iﬁfsr&gﬁ% *af%ﬁ%ers%wt%ﬁae 80 e %9%80 S PaflaEs
>4 11 OotBHRros00EoR b e ROt o] MOEar Tt ‘Th o CROERG 'dBPae bZ??QFe'

is as peraC|d 13 The t hod .of C |n112 in pera S
per chl grl Shigdme, st dF%éU?tPUﬁ‘cdr% BW”tOPuafﬁt?%?’ H'gtalg%%%ﬁl tﬁ%f‘éeéﬂ:iﬂdght
perfluoroal kyl sul fonic acid; SbFS TaFS, NoFS PFS BF3, hydrogen fluoride
in conbi ndPYONNEPPH ShRSUteRES . SRBRetepREPORIOREYNEFea8 A ifrqTdne starting
fluorosul func, tnfluoronethanesul fonic, or perfluoroal kyl sul fonic acid m
conbi nat i GUFIEMH SSHREY dﬂeéfFdeOWbFeg‘a”MﬂStadﬁv’r'”Eﬁﬁ“te‘Io 12 “A$redeet edredud ai m
12 in which the cyclic ether is a nonofunctional epoxy, a multifunctional
epoxy, or (AheswdilRde)iweF ©F 6ot h 15. The rnethod o. Claim 12 in which the
cyclic ether is a diglycidyl ether of bisphenol-A an advanced di gl yci dyl
ether of bisphenol-A a diglycidyl ether of bisphenol 15 F, or polyepoxy
novol ac resin. 16. The nethod of Claim13 in which the cycllc ether is a
di gl yéPdyl ether of bisphenol-A, afXaFESeH1di gl yci dyl et her of
bi sphenol -A, a diglycidyl ether of bisphenol F, or Polyepoxy novol ac resin
20 17. The&umbtaion obAcICIGetalysta -i As WHEEMRHB, %Utﬁ@p@%poﬁxa@m@ﬁ ctremeatssi d;
t nf | uor onet hanesul foni ¢ aci d; hydrogen fluoride in conbination with PFS, or
hydr ogen fWithot edeid ertalpstifiasat oo hotal weigBRE enGion. ' Hhe-acd gatalgets otree a002 10.
The nethod of Caimi 5 in v,~hlch the Supe~aclu is perchloric acid,

added as 10% solutions 1n water Epoxide conversion was measured after 24 hours

using the procedure of Example 2. Number average (Mn) and weight average (Mw)
15  molecular weights were determined using GPC after quenching the samples at the times

indicated in Table 1.
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tri Tl uoromet ha; ~esul “onic acid; periluoroal hyl sul "onic acid; r.Qc
“luoride in - conbination with PFD; -or hydrogenifluoride i nﬂcg%ﬁﬁgtlﬁ@%
wi sh dF3." 5 19. The nethod of Caim15 In which the superacid is perchionc
acid. 20. The method of Caim19 in which the polyepoxide is a diglycidyl
et her of bisphenol-A 10 21. A nethod .or preparing an ae,ueous polyneric
pol yoi emru! sl on which conprises dispersi ng. 3. derophobi c pol y=poxide in
water in the presence of an elective anpbunt”of a surfactant to form

. dispersed pol yepoxide particles and nop-+eversib polyirerizi-ng—the ' :
wat er - ber ne pol yepegiadesipar i 1|GFesnt A S22@100 esentd! OT la wéf'ér spl migastion
superaci d and_st oppi ng the pal ynét P44ld6A after a suitiabl e degreeiighe (Fn
pol yneri zati on has ®egarred gy addi ng a basi ¢ sub%l ande. $5522.LThe met hod
of Caim2l1 ijn which the supgracld is perchlgr i's acig; fluorosul furic

acid; trifluogremEtR@ResSEr-anijC aci & sfier ~1 Uo[ oal ka4 SUljT onEgz aci d;, Soir-,

' Tai =~; NbFv;| PFD; “EE3; hydr agen f;uoride inj conbi nat ilon W sh SJbF~, TaF~,
NbF~, r F~, at 81':§ T2 -t fporost—oT iS"f’O T 2 ot
anesul fonic, |cr [Fuo fsui ~oni'c acid jn conbinati on Wit SbF~“ TaF+,

tn vahi ah +tha ~Aalhvoanecvi Ao

NSF, r F~, or t-hod—oi—C-al——22—-A—whi-ch—th ohyepex ae
a Nol ) ~epcxi @ ‘Dot yunsat ur at ed’ ¥/ cani ¢ co?ﬁ‘)ﬁ%ndl a0 | gdmer of an
epi hal ohydnn, a pr‘l ynl yr‘i dyl def | \/PIJ \(p pf y;;an} Qln' o a ' yrr‘i fQIn
derll'atil,~d, a pdiffsyd dy| ethe¥5-&¢ 2 pollyvai@i - to 12,5mOOﬁtober’22002 i
ns., ~nl rji?l~.a t-m~+"'"~a~1i iQ"~] ~ ' pliyhfdrl C
~hCr;v ~ ¢c~~1. G ,Ca353038 y~, t luy2S.2% riva |~ . 1%80 ~ Bri6150n. . (L poi yg y fp~
ac. ~TaOi ' or a polyepokxy ncvolac r esiin. ?4. The nethod ¢T CCamLJ |n
whi ch the pollyepoxHdeOks a d] gi ycighykeset her |cf tizgphenhcl €25C an|advapeed
di gl yci dyl ether of bisphenoj-A a diglycl dJI ether o[ bisphenp! F, or poly
epoxy novol ac Tesin. 2Zb. The me~hod 0 TarmZ~ 1n which the superactd 15
perchl onc acid; -tnfluoronethanesul for~ic acid; hydrocen fluoride in

conbi nation wt; - RED. . o hydr.agen =8~ | yerd de agRinad-en i 11 BE3;, -
2~. T he net hod oT;ﬁ'éF gf?hﬂﬁzip%ﬁgc‘vghéllc—’hﬁp ﬁé%ﬁéﬁgcﬁldgqg@p;g%?m%?'i“cg]QE|' i

E):i L;g?gggﬁ%géﬂ%ﬁu}ofr%g %of%/%eq':ajpéﬁdrre%*?%f\mlnlé%ésd&télGer?e%@hﬂ@%'c%%ﬂ‘@ th PFD;

~—~

5 methanesulfonic acid zre not. In separaie sxperiments it was also found that sulfuric
acid and hydrochione acid under similar congditions zre also ineffeclive catalysts. These
results support the hypcthesis that very strong acids (superacids) ars reguired to yield
efective polymenzeation of DGEBA. Note also that although the molecular waight for.tl g
epoxy polymer catalyzed by HPFg was measursd at 72 hours, epexy conversion was

10 nearly complete in 24 hours, and it may have built mclecular weight gs fast or fastzsr than

perchleric ecic.

EXAMPLE 11

$

Ceating Fermulzton Curad with Meizmine-formzldehyce Rzsin - In 2 glass jar was

_(;J

15 placed 23 83 g of the rasin cf Examzle 3, 4 0 g of Resimene® 747 HMMM type M-F

resin (Sclutia, Inc ), 2.35 g of Diwzer, anc 0 8 g of a 10% solution ¢f p-icluenesulioniz
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fluoride in conbinaticn with 5F3 15 2i A. ceatin5 conposition cg [, Z’i %002
the aqueous polyneric polyol enulsion c. daiml ~ and an OHredctr
osslinking 2gent. 28. A ooating corrl position co‘rrprl si ng the aqueous

pol ynmer enul sion of Cdaim1l and an OHreactive crosslinking agent. 20 29. A
coating conposition conprising the aqueous polyneric polyoi emulsion of
Claim?21 and an OHreac~!ive crosslinking agent. J~ i .. 11 Cctober 2002
30. A coating conposition conprising the agueous polyneric poI yol emul si on
.0~ dai

Ki :

cot T~posi FC@H”?EWS%VM rpgr e%cdt\g%/ie%tcgao%smsl rrr!?é):[? %na%ergo chramtjI s?lf 8‘99%‘;89%% m 23
d OH- t t ti

e e SRR ta S TR, M R AR e émr@%ﬁ%s% S o

O+ t ki t t ) th

Couecus paFo LR SR Bﬁn%ﬁ% S0 EOPES' W R GRTR kst the

crossli _nkl n en Azél §oat| n OSI tion co r| SI t he aqueous

pol yneric b%]%afg] tF’f)ﬁ il -t 5]‘?8“ ?ﬁ"p@:@t]’ Gl EiRPES B LS PRRRS Y

agent._35. The coati ng}g nposi ti.on of Caim?27 in whi ch t he basi c substance
is an 2l kaPimBresEkan F?F‘éa%etsaﬁtafﬁi}%hab% “fe 2RANCHFSERI M0 BBCTEMRD IR 08t i ng
conposi tion of Caim28 in which the basic substance is an alkali or
al kal i ne #8tal hRyaREN tRS T>T PERCTHIATARESS and Ehowh@ ViESktaliRgh ¥SRPEIVEKon of
Claim?29 in which the basic substance is an al kali or alkaline netal
hydr oxi de 98Kbigriviamithraich val 25PdEKetonblg reps tedimwesinat sinpiptetyHensasi c
substance is an alkali or al kaline netal hydroxide or an amne. 39. Ths
met hod of fiemaihgrubbed garegh Vit @ heObardke. batesrtmchad 0. 8MafingIm tyekrgskal i ne
nmetal hydroxide or an amine. 40. The nmethod of Claim21 in which the basic
subst ance 4 spes Qe kdeps ard andvedd Preeffrst EPMRAN MR K deulle reis dhlpe had 32
A{CAFHFT . AAAALAA CAAY A A9A9A A ALAS A ALLA A AA
% AQ. AD % ArossABRY aghesion a,&géglﬁm of Yy156/in-1b EFeaAEED)RTect impact, and 12 in-Ib
W W, #. <8ppp00000~>0?200~pp00?27?| 8x~~222?| ~2?~ ~>~7?| | ??~>>7?7| ?p8<>8p8>p0| pOpp
OpOp08pO<ppOKPEN PPEPSPEBFEH PBOLOTPOP B rpOrqs0sp SDHEVEBOPCPOPIPD=EPE pOpOPO
pOpOp08p00p00p00p0pp0pp0pp0 pO” pOpOp0” Op<  Opx 08p O<p™ O 0pp0xp0<8p08p0 0 0~
pX ?<~~?~? Mafr@ss 22 MEK-Qadti¢ RIeSistsPLe| | 2?7>~?72880p" <8xp>>~x1" ~rj nt: ?@ Sd
W-ysni d_ZU] ca] ca] ca] ca] ca] cal] ca] cTa] ca] caV] caV] ca] caV] caV] ca] ca] ca] ca]ca]c
a]calca] cal]ca]ca]calcalca]lcalcalcalcalcTalW Pv)OFQU
f p#xU$} xsni d_Y] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cabaaimalt $Mb<R<EIN "nv- | w mhc”Y] ca] ca] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]caV]ca]ca] ca]ca]ca]ca]calca
] ca] capca]@ahrapioe Boating Formulation Based on a Commercially Available High Molecular
QUIT"". ###* 5| $3' % WOERKEEEE V' ' (T((}xsnid_Z]ca]]ca]ca]ca]lca]ca]ca]ca]calc
a] ca] ca] cajeahcapocg|Rsajcispalea)ic dfatea] € & & fdroafe aped]20dcabih)icdda®a] cal ca! (
(O))4****: +++$, u, ---*. u. ./ m/0f 0t OW0004111*2| 2} xsni d_Z] ca] ] ca] ca] ca] ca] ca]
cal calca] c&fhoa]Jceaooa]smaﬁba] Cadraabioad.f &) ¢ af R@e]maz]\azm]’ch]esa] edicapbcaka] cal ca]
ca] ca] cal | 223r 3444475556t 66! 7x77/ 8888; 9999: : : 5;
, 7<<<<| wanaa\¥hcaps pleadealealic adig a oalart. ca]mdlﬁga]oqab eadrupdeabedEtal cal ca
] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca! <<=" ==>k>>7a?? @ @@AIHAAASB[ BBD
DgDwWDD! Erfiia)eel G Hl amarbef¥larakesd e e a8 salec edovalre s cadveatapdisgdeial-eal cal c
a) ca] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca! } HHH?I 11 JJJJIPKKKK
LdLL MoyMMINNNS S92 EBRPRMI S X rd2 48}, 0ad b sl vealaea] we o ajte ahcdwak gaboal cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal QQQRYRaRsRR
SS: S\'SS  based on solids. In order to apply this formulation to a substrate, the solids of this

formulation were lower than the solids of Example 11 because of the much higher

viscosity of the Epi-Rez® 3540 resin compared to the dispersion of Example 3 Films

were applied and panels baked according to the procedure of Example 11, except that
25  no cure temperatures lower than 110°C were attempted. When cured at 110°C, a 2H
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9% 10%m& ({ #MB10%T& ()- !L!'10%m& ()- &109& ()-10%m&' ()
1 10%& () YVE ee9sRregin ¢is@ersionpihessrrentorhere fQF[W/m'ﬂQ@%@bﬁﬁ%ﬁ( -1yl
"10% M () - k+ $10%m® ()-F)#10%& ()-3' 10%& ()- rS1l! FS& 10%"& ()-L°
10%& {y-1(,F (109 ()- 10 10 10! :f10%& ()-'810%& ()- W zX9rSit
109 ()-! Xys$10%&' ()-!'l 109%& ()-yl0%&' ()-! f&PI0Y&R ()-!f&$P10WNVE () -
Pv){Y:rS1! 36! 109%&' ()-!t.$10%"." & ()Exama 08&' ()- 0. $109%&R' ()-!f$: $10%
& ()-"110% ()-)-./0FC & 10%&' () - 109 ()-1M 10%& ()-F $10%& ()- 10 10
10y: 10%&' Prhvaergeba of Bpd9gezE) 351P10wRY Resi@Catey@ed hy Berrbugc Ard3 1neo&’ () - F,
109&' ()- fp#IELC L$"109%&' ()- F' "109%& ()- S !'10%&' ()- L!109%& ()
FI 109&' () S@Es#iggay Ylagsd JHBhCo BED-Regod 10)redn (@ 1D0@&hgMical Co., a 60% solids
S, MLO%&' ()-3L*109%& ()-!pF(t$10%& ()- @L0% ()-Mp9:; <dYNC' 10

emulsion of bisphenol-A epoxy resin stabilized by a proprietary surfactant). Then 10 g of

20 a 10% solution of perchloric acid in water was added dropwise with stirring. An IR
spectrum was immediately obtained according to the procedure of Example 2. After 89
hours at room temperature another IR spectrum indicated that only 6% of the epoxide
remained at this time Two 45 0 g samples were then poured off from this reaction
mixture. The first was neutralized with 1 87 g of a 10% solution of sodium hydroxide in

25 water The other sample was quenched with 4 73 g of a2 10% solution of triethylamine
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STATEMENT OF INDUSTRIAL APPLICATION
10 The invention provides a method for the preparation of agueous emuisions of
polymers, especially polymeric polycls from epoxy resins, suitable for use in aqueous

coating compositions that can be cured at lower temperatures.
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10 unsaturztad monomer.

3. The method of Claim 2 in which the monomer is an ethyisnically unsaturated
hydrccearbon, an ethylenically unsaturated ether, an ester of vinyl alcchol, a conjugated

diene, a vinyl amice, an imidazoline or a siyrenrs.

15
The method f Claim 2 in which the monomer is butadiens, isop styrene
a substituted styrene, cyclo p=n*ac‘x=n= vinyl acetate, vinyl butyrate, vun)/lmﬁthyl giher,
vinylprogyl ether, vinylbutyl ether, vinyl chioride, vinylicene chloride, divinyl benzene,
divih'yl ether or N-vinylformamide.
20

5 The method of Claim 1 1n which the zcid maierial 1s 2 mineral acid, a2n organic

suffonic acid, an ester of sulfunc acid or a superscic.
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* fluorosuliuric, trifluoromethanesulfonic, or perilucreatkylsulfonic acid in combinztion with

15  SbFs, Tafs, NbFs, PFs, or

)

j =N
+ J.

10. The method cf Claim 1 in which the hydrophobic monomer is a cyclic ether

which is polymerized. by ring opaning.

20 '
11. A method for preparing an aqueous polymeric polyel emulsion

which comprises dispersing a hydrophobic cyclic ether monomer in water in the presence of
a surfactant to form dispersed meonomer particles and non-reversibly polymerizing the water-
borne cyclic ether monom-er particles in the presence of an effective amount of a water
soluble acid material having a pKa of <1 and stopping the polymerization after a suitable
degree of polymerization has occurred by adding a basic substance.

1
)
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NbFs; PFs5; BF3, hydrogen fluoride in combination with SbFs, TaFs, NbFs, PFg, or BF3;
or sulfuric, fluorosulfuric, tnfluoromethanesuifonic, or perfluoroalkyisuifonic acid Iin

combination with SbFs, TaFsg, NbFs5, PF5, or BF3.

10 14 The method of Claim 12 in which the cyclic ether i1s a monofunctional epoxy,

a multifunctional epoxy, or a combination of both

15. The method of Claim 12 in which the cyclic ether 1s a diglycidy! ether of
bisphenol-A, an advanced diglycidyl ether of bisphenol-A, a diglycidyl ether of bisphenol-

15  F, or polyepoxy novolac resin.

- 16. The method of Claim 13 in which the cyclic ether is a diglycidyl ether of
bisphenol-A, an advanced diglycidy! ether of bisphenol-A, a diglycidyl ether of bisphenal-
F o‘r polyepoxy novolac resin
20
17. The method of Claim 14 in which the superacid I1s perchloric acid;
tnfluoromethanesulfonic acid; hydrogen fluoride in combination with PF5, or hydrogen

fluornde in combination with BF 3

.29 -
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20. The method of Clam 18 in which the polyepoxide is a diglycidyl ether of

bisphenol-A.

10 21. A mzthod for preparing an aqueous polymeric pelyol emulsion which
comprises dispersing a hydropnobic polyepoxide in water in the presence of an effective
amount of a2 surfactant to Torm dispersed polvepoxide pariicles and non-reversibly
polymernizing the water-borne polyepoxide particies in the presence of a water soluble

- superacid and stopping the polymerization after a suitable degree of polymerization

.5 has occurred by adding a basic substance.

22. The method of Clzim 21 in which the superacid is perchloric acid;
fluorosulfuric acid; trifluoromethanescifonic acid; perfluorozlkylsulfonic acid; SbFs; TaFs;
NbFs; PFs5; BF3; hydrogen fiuoride in combination with SbFs, TaFs, NbF5, PFs, or BF3:
or sﬁifu ric, fluorosutiuric, trifluoromethznesulfonic, or periuoroalkylsulionic acid in

20 combination with SbFs, TaFs, NbFs, PFs, or BF3.

23, The method of Cla in which the polyepcxide is g polyepexice of a
Polyunszturated organic compound, an oligemer of 2n epihalohycnin, 2 pelyglycidyl

derivetive of hyzantoin or a hydantoin denveative, a pclygl vaidyl ether of 2 polyvaient
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28. A coating composition comprising the aqueous polymer emulsion of Claim 1 and

an OH-reactive crosslinking agent.

29. A coating composition comprising the aqueous polymeric polyol emulsion of
Claim 21 and an OH-reactive crosslinking agent.
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Claim 26 and an OH-reactive crosslinking agent.

35. The coating composition of Claim 27 in which the basic substance is an alkali or
alkaline metal hydroxide or an amine.

36. The coating composition of Claim 28 in which the basic substance is an alkali or
alkaline metal hydroxide or an amine.

37. The coating composition of Claim 28 in which the basic substance is an alkali or
alkaline metal hydroxide or an amine. -

38. The method ¢f Claim 1 in which the basic substance is an alkali or alkaline metal
hydroxide or an amine.

39. The method cf Claim 11 in which the basic substance is an alkali or alkaline
metal hydroxide or an amine.

40. The method of Claim 21 in which the basic substance is an alkali or elkaline
metal hydroxide or an amine.
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