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. ACID CATALYZED POLYMERIZATION OF

AQUEOUS EPOXY RESIN EMULSIONS AND USES THEREOF

BACKGROUND OF THE INVEN‘l;ION
Epdxy resins are commercially important materials that are used extensively to
make thermosetting products for use in coatings, adhesives, composites, and many
other-applications. The lérgest volume_' of epoxy résins utilized in commerce are those
5  based upon the diglycidyl ether of bisphenol-F (DGEBF), epoxy novolac resins, and
those based upon the diglycidyl ether of b'isphenol-A (DGEBAj. Of these, the bisphenol- -
A based prbducts are utilized in much larger volumes than the other produ&s.
Despite the fact that epoxy resins can be crosslinked with amino resins and the
like through the secondary hydroxyl groups on the resin backbone, it is generally found
10 that significantly higher temperatures and/or bake times are reduired than are necessary
with other polyols utilized. in coétings, such as- acrylic polyols and polyéster polyols. ltis .
thought the relatively hindered enviﬂronment of the OH groups on the epoxy resin is
résponsible for this effect. Obviously, this is usually a significant drawback to the
- utilization of epoxy resins in such coatings, since higher oven temperatures and/or bake
15  times lead to higher productioh costs.
Cationfc or acid-catalyzed polymerization (or homopolymerization) of
multifunctional epoxy resins in bulk or in organic solvent solution is a well-known process
_of significant commercial importance. Lewis acids are most commonly employed, but
appropriate Brohsted acids can also be utilized. For example, C.A. May (Ed.), Epoxy

20  Resins Chemistry and Technology, Marcel Dekker, Inc.: New York, 1988, reports
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(p. 495) that Lidarik et. al. (Polymer_‘ Sci. USSR, 1984, 5, 589) p_olymerized glycidyl
ethers with complexes of antimony pentébhloride, bof;)n trifluoride, and perchloric acid. .
Additional examples afe r.eported in May. In addition, the bhotoinitiatéd cationic
polymerization of epoxy resins is well-kﬁown, and also of commerciél importance. As
reviewed in May (pp. 496-498), cationic photoinitiétors are materials that upon photolysis
generate strong Bronsted acids, which serve as the trﬁe cata_lyst for the epoxide
polymerization.

| The general structure of resins obtained by polymerizatibn of multifunctional
epoxides differs from the linear structure of.a bisphenol-A resin. In the cationic
polymerization process, an alcohol or Water serves as.an initiator for polymerization,
Which_ occurs by atfack onto an activated (prbtonated or coordinated with a Lewis acid)
epoxide. Note that the alcohol may be one of the hydroxyl groups already present on an
epoxy resin backbone. The product that results is an alcohol, that can go on to reacf
with another protonated epoxide.- Note also that attack can of:cur at the unsubstituted
carbon on the époxide ring to yield the secondary alcohol, or on the substituted carbon
to yield the primary alcohol. This is in contrast t6 the epoxy advancement process.used
to make higher molecular weight bisphenol—A re_sins, which is conductéd under

conditions where the secondary alcohol is formed almost exclusively.

. Acid ' '
ROH + R R OR + '
Y T RO RO on

OH OR

Since this process can occur at both ends of a difunctional resin, it should be

clear that even.with small.degree.s of reaction a highly branched material will be formed,
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which will quickly reach the gel point and yield a crosslinked, intractable material. Thus,
acid catalyzed polymerizations are very useful for forming highly crosslinked final
products like coatings and corhposi_tes. However, the acid catalyzed polymerizatioh ofa
difunctional or higher functional epoxy resin is inheréntly a difﬁcqlf process to control,
and acid catalyzed polymerizations are not broadly employed. to produce higher
molecular weight but still tractable products that can then be formulated and crosslinked

with -another resin such as an amine hardener or a melamine-formaldehyde resin to form

a final product.

Due to increasing concerns about the negative effécts of organic solvents on the_
enVironment and human health, there is a need in many industries, including the paint
and coatings industry, for products with reduced levels of volatile organic content (VOC).
There are many approaches tp reducing VQC in the coatings industry, but certainly one
of the moét important is to utilize waterborne (WB) coatings, where the organic solvents -
whiéh had formerly beeﬁ used to reduce the viscosity of the paini formulatior_l to the point
necessary for application are replaced wholly 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 ci'\anging the form of the binder by
emul}sifying it, or a combination of thése tephniques.

There are many ways in which epoxy resins have been emulsified or dispersed
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
bisphenol-A type resin due to the high viscosity of the resin.
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For example, US 4,415,682 deécribes the BF; catalyzed reaction of a
polyethylene glycol with iiquid epoxy resin to form a bloc;:k copolymer. The block
copolymer is then -used to ehulsify a solutior.n. of a solid epbxy resin. Howe;ler, to
develop low VOC coaﬁngs from these'epoxy resin dispersions, the solveﬁt must be
subsequently remerd. | |

us 4,315,044 describes reécting diglycidyl ethers of poly(ethylene oxide - co -

propylene oxide), bisphenol-A, and liquid epoxy resin to preparé a surfactant in situ

- during the high temperature epoxy advancement process, and then dispersing the resin |

'by adding a mixture of glycol ether solvent and water with vigorous agitation. As in the
above system, substantial amounts of organic solvent.are required in this process.

US 4,608,406 modiﬁes this process by incorpo_ratic_)n of a novolac resin to
increase the functioﬁality of the dispersion.

The free radical p'rocess for polymerization of aqueous emulsions of unsaturatea
monomers, the so-caued emulsion polymerization process, is widely practiced. There
exist only a few references to the preparation of polysiloxanes, and hydrophobic
polyesters and polyketals, by the acid catalyzed step-growth polyﬁeriZ'ation of emdlsiﬁed
mbnqmers.

GB 2,303,857 describ.es tﬁe pol_ymerization of emulsions of octamethyicyclo-
tetré'sil_oxane with sulfonate surfactants.

Y. Yang and coworkers likewise studied the polymerization of emulsions of
octamethylcyclotetrasiloxane (Hecheng Xiangjiao Gongye, 8(2), 100-4, 1985; Hecheng
Xiangjiao Gongye, 8(1), 15-18, 1985; Gaofenzi Tongxun (2), 104-9, 1983; Gaofenzi
Tongxun (4), 310-1 3, 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) also report
the polymerization of emulsions of permethylcyclosiloxanes. One could speculate that
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sinc-e the équilibrium congcentration of wéter in emulsions of polysiloxanes is very low,
thét polymerizations to form pol;lfsil-oXaries, WHich are step-growth equilibrium processés
involving additidn and loss of water, would be ideal candidates for such a.polymerizatfon
process. |

| US 4,355,154 describes a method for polymerizing emulsions of hydrophobic
polyacids and polyols to make polyesters using traditional polycondensation catalysts.
US 4,374,953 describe a._process for making polyacetals and polyketals from emul.sions
of polyols and carbonyl compounds using tr’éditional polycondensation catalysts. These
are also equilibrium, or reversible, processes, requiring relatively hydrophobic monomers
in order to achieve a useful degree 6f polymerization.

There appear to be no examples in the chemical literature of the cationic (i.e.,
acid catalyzed), non-reversible, or non-equilibrium, polymerization of monomers
emulsified iﬁ an aqueous media, such as chain-growth polymerization of unsaturated _
monomers or ring-opening polym'erization of cyclic ethers. This may be because
cationic polymerizations of this type are in general known to be quite subject to rapid
termination reactions by tracé impurities such as water. Thus, in aqueous emulsioﬁ
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 it would be
anticf:'ipated that polymerization would be difficult.

US 5,766,768 discloses two component water-based compositions prepared by
reacting enhanced molecular wefght epoxy emulsions with amine curatives, the_
enhanced molecular weight epoxy emulsions being prepared by polymerizing water-

borne epoxy resin particles in the presence of an alkaline substance.
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SUMMARY OF THE INVENTION
The present invention provides é methba for making aqueous emulsions of
polymeric materials by a non-reversible polymerization process. The method comprises
dispersiﬁg a hydréphobic monomer in water in the presence of a surfactént to form an

oil-in-water emulsion of dispersed hydrophobic monomer particles and non-reversibly

| polyrherizing the water-borne monomer particles in the presence of an acid substance.

A preferred embddiment of the invention brovide; a method which comprises
dispersing a hydrophobic vinyi mono_rher or hydlrophobic cyclic ether monomer in water
in the presence of a su.irfactant to form an oil-in-water emulsion of the dispersed
hydrophobic monomer particles and non-revefsibly polymerizing the water-borne
monomer particles in the presence of an acid substance. Where a single monomer

species is used the resulf is a homopolymer while the use of two or more monomers

affords a co-polymer; hence, the polymerization process may be a homopolym.erization' '

or a copolymerization.

| An especially preferred embodiment of the invention provideé a method for
producing aqueous emulsions of p'olymeric polyols from epoxy resins. The method '
comprises dispersing a liquid epoxy resin in water with the aid of a surfactant to form an
oil-in-water emulsion of epoxy resin particles and polymerizing the water—bo_rne epoxy
resin particles in _tHe presence of a superacid material.

Thus, in an embodiment of the invention, agueous emulsions of multifunctional
epoxide comppunds are treated with certain Iacid c;atalysts o prod'uce emulsions of
higher molecular weight products that also have a much higher content of hydroxyl
groups than the startirig epoxy compound. Accordingly, a feature of this invéntion is an

aqueous emulsion of polymerized epoxy resins containing hydroxyl groups, and



10

15

20

optionally epoxide grdups, where the pblymerizatio'n has been achieved by treatmént of
an emulsion of lower moleculér weight époxy resins with an 'acic‘i catalyst.e

A further'embodiment provides compositions of thérmosetting coatings based oﬁ .
these emu_lsi_ons of pdlymeric polyols, e.g.; acid-polymerized epoxy resins. The
emulsified polymeric pc.)lyols, espécially the polymerized epoxy resins, can be formulated
in aqueous. media aﬁd crosslinked with suitable OH-group reactive crosslinking agents,
including aminao resins such as melamine formaldehyde résins, to vield highly
crosslinked fiims exhibiting_goéd hardness and solvent resistance at relatively low bake

temperatures.

DETAILED DESCRIPTION OF THE INVENTION

The method for haking aqueous emulsions of polymeric materials by a non-
reversible, or non-equilibrium, polymerization process comprises dispersing a
hydrophobic monomer in water in the presence of a surfactant to form an oil-in-water
emulsion of the hydrophobic monomer particles and (homo)bolymgrizing the water-
borne monomer particles in the presence of an acid su._nbstance. Examples of non-. _
reveréible, or non-equiiibrihm, polymerization processes include acidic (cationic)
polymerization of hydrophobic, ethyleﬁically unsaturated monomeric compounds, -
namely vinyl monomers, and the acidic ring-opening polymerization of hydrophobic
cyclic ethers. By "hydrophobic" material is meant an grganic material that forms two
phases when combined with water,'wherein the equilibrium concentration of water in the
organic phase is less than 20% by weight. . By "nbn-reversible" reaction is meant a
reaction that proceeds from starting material(s) to product(s) with.o'ut a nontrivial

concurrent reaction of product(s) to starting material(s). Those skilled in the art will
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recognize that such. reactions have a large difference in frée energy between reéctant(é)
and product(s), and hence a large equilibrium constan.t for the reacfion. -

The vinyl mononiers useful in this invention comprise those hydro'p;hdbic
ethylenically unsaturated organic compounds typically used in the art for preparing
polymers by caﬁonic polymerization in solvént or buik. Suiiable vinyl monomers include
any hydrophobic etﬁylenicélly unsaturated hydrocarbo.ns, esters and ethers, especiaug/
styrene, and esters and ethers of vinyl alcohol, vinylamides such as N-vinylforrhamide,
and imidazolines. Specific examples include propylene, butylene, isobutylene, styrene,
substituted styrenes, vinyl acetate and vinyl butyrate,l acrylonitrile, vinyImethyi, propyl
and butyl ethers, vinyl chloride, vinylidene chloride, and the like, Suitable conjugated
diene monomers include butadiene, isoprene, cyclopeﬁtadiene, divinyl benzene, divinyl
ether, and the like.

The cationic aqueous emulsion polymerizaﬁon of tHe ethylénically_ unsaturated
monomers can be performed in the presence of effective amounts of the acid substance
and emulsifiers at >0°C, preferably from 20°C, to elevated temperatures up to about
100°C. Normally, all of the monomers are emulsified with the surfactaht and water- and
then the acid catalyst is added to the mixture. However, if desired, additional
m'onomer(s) can be added by delayed addition. as is known in the polymerization art.

The cyclic ethers useful in this invention for polymerization by the rinQ opening
mechanism comprise éthers 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 multifunctional epoxies. Contemplated as the
functional equivalent of the cyclic ethers useful for thi; invention are hydrophobic

compounds containing an aziridine ring. lllustrative of ring opening polymerization of
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cyclic"ethers is the following des_cﬁp;tion of the aqueous emulsion no_n-revérsible _
pol'y.m'erization of epoxy resins. |

The method for preparing a polymeric polyol emulsion from epoxy resiﬁs
comprises dispersing a liquid epoxy resin, preferébly a multifunctional époxy resin, in-
water with the aid of a surfactant to form an emuision of epc;xy resin particles in wéter _
and reacting the water-borne epoxy resin particles in the presence of an acid, preferably
a superacid material, to forr'n a polymer comprising (homo)polymerized ep;)xy resin
units. Using a single epoky compound results in formétion of a homopolymer and a
mixture of two or more epoxy compéunds'affords a cépolymer. For the purposes of this
invention useful époxy functionalities range fl;om about 1 to about 4. Such epoxides are |
described in Y. Tanaka, "Synthesis and Characteristics of Epoxides", in C. A May, ed.,

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
emulsified, and which do not contain basic funcﬁonal 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

glycidyl ether, cresyl glycidyl ether, and glycidyl ethers of alcohols such as dodecyl
alco:'hol.' |

The multifunctional epoxide compounds useful in this invention comprise those
cqmpounds COntaining'about 2 or more 1,2-oxirane gfoups 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 u-sed in the process of tﬁis invention. Examples include
epoxides of polygnsaturated organic compounds, oligdrﬁers of epihalohydrins, glycidyl

-9-
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derivétives of hydahtoin 'ahd. h_yaantoin derivatives, gly;:idyl ethers of polyvalent alcohols,
glycidyl derfvatives of triazines,.and glycidyl ethers of pofyhydric phenols.

Glycidyl ethers bf polyhydric phenols inclugie the glycidyl ethers of dihydric
phehols_, including resorbinol, Hydroquinone, bis—(4-hydroxy—3,5-diﬂuorophenyl)-methane,
1,1-bis—(4-hydro*yphenyl)—ethane, 2,2-bis—(4-hydroxy-S-hethylphe.nyi)—prolpane, 2,2-bis-
(4-hydroxy-3,5-dichlorophenyl) propane, 2,2—bis-(4—hydroxyphenyl)—propane (more
commonly known as bisphenol A), and bis-(4-hydroxypﬁenyl)-methane {more commonly
khowh as bisphenol F, and which may contain varying amounts of 2-hydroxyphenyl
isomers), and the like.

- Another useful class of epoxy rgsins are t.he cycloaliphatic epoxy resins, which
are manufactured by Union Carbide Corporation. These are multifunctional epoxide
compounds made by 6xidizing cyclohexene containing compounds to add oxygen
across the double bond. Useful cycloaliphatic epoxy résins include ERL-4221, ERL-
4299, and ERL-4206.

Also usefui 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 digly_ci_dyl'ethers of bisphenol—A, the di.glyci-dyl ethers of bisphehoI-F, and the
epo;iy novolac resins. The most preferred polyepoxy éompounds are the diglycidyl
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 mixtﬁre of surfactants must be erﬁployed unless a portion of the monomer has built
into it structural units such as polyethylene oxide units that make it self-emulsifying.
There are many surfactants commercially available that are of potential use in this

-10 -
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invéntion. A good source fc_ir finding such surfactants is McCutcheon's Vol. 1:
Emulsiﬂers & Detergents éublished annually by McCut.cheon'-s Division, MC F"ublishing |
Co., 175 Rock Rd., Glen Rock, NJ 07452. The requirements for surfactants for this‘
invenﬁon include that they yield an emulsion wifh' the re_quir_éd stabilfty for'the
application, that they maintain stability under the. low pH co.nditions.of the polymerization :
reaction, and that they not contain functional groups that interfere with the catalytic
activity of the acid catalyst. o | |

| A useful class of surfactants are the nonionic surfactants. ‘Nonionic surfactants
are amphiphilic molecules that contain.both a hydroph'ilic (water soluble) portion and a
hydrophobic portion. Particularly useful surfactants ére nonionic surfactants where the
hydrophilic portion is a polyethylene oxide chain which is attached to a hydrophobé
which is either an aromatic or.aliphatic moiety, including alkylphenol ethoxylates, linear
and branched alcohol ethoxylates, castor oil ethoxylates, and the like. Polyethylene
oxide-polyp’robylene oxide (EOQ/PO) block copolymers are another useful class of
surfactants. |

| It will be appreciated by one skilled in the art that finding a suitéble emulsiﬁér to
yield a stable emulsion or dispersion of a given epoxide is to a large extent a matter of
trial and error. A useful concebt that can aid one in choosing a surfactant is the HLB, or

hyd?bphile—lipophiié balance of the surfactant. For a nonionic surfactant, the HLB is:

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

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

-11 -
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polyethylene oxide. More information fegarding both the HLB concept, the selection of

surfactants, and the preparation of emulsions can be found in M.J. Schick, Nonionic

Surfactants Physical Chemistfy, Marcel Dekker : New-York, 1987.

| It is usually found that in general, in order to form a stable oil-in-water emulsion,
a surfactant with a relaﬁvely high HLB value is required. Furthermore, it is oftén fou.nd
that surfactants within a fairly narrow range of HLB values tend to work'.be'st to emulsify
a certain compound. For example; the inventors ﬁavé found that to emulsify Epor-\ 828-
bisphenol-A epoxy resin (epoxide equivalent weight of 188 to 195) in water, nonionic
surfactants with an HLB of apprpximately 18 are suitable. This is not to say that some
su;!rfactant with an HLB value significantly different from 18 will not work, but rather to
give a startiryg point for the trial and error process of finding a good surfactant for the
specific application at hand. A particularly preferred surfactant is Hydropalat 65
surfactaﬁt from Henkel Corporation.

Alternatively and'preferably, certain commercially available emulsions of epoxy
resins may be used in this inventioh which avoids the necessity of preparing the epoxy
resin erﬁulsions. A preferred example of such a commercially available epoxy r-esi.n‘
emulsion is Epi—Rez 3510 resin from Shell Chemical Co.

In order to polymgrize the emulsified mulfifunctional epoxide compound, an acid
catéiyst of sufficient acid strehgth to yield thé desired technical effect is required. The
acid strength required will depend on the nature of the multifunctional epoxide starﬁné
material. For example, it is known that the cycloaliphatic epoxides described above are
much more reactive with acid catalysts than are the glycidyl ethers of dihydric phenols,
such as the diglycidyl éther of bisphenoi-A. Another requirement of the acid catalyst is

that it be stable in the aqueous medium for sufficient time to give the desired technical
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effect, or that the products of the reaction of the acid with water are themselves acids of

- sufficient strength to achieve the desired technical effect. |

~ "The acid materials or substances used in the polymerization procéss are any of

those water soluble acids having a pKa of <2, preferably <1, especially a superacid.

~ Suitable acids for the non-equilibrium emulsion polymérization are discussed below in

the context of équéous_ emulsion polymerization of epoxy resins.

Depending .on hydrophobic rﬁonomer and especially the structure of the mono- or
multifunctional epoxide compound, suitable acids inciude mineral acids, organic sulfonic
acids, esters of sulfuric acid and superacids. ‘Mineral acids inc_lude sulfuric acid,
hydrochloric acid, perchloric acid, nitric abid, phoéphoric acid, and the like. Organic
sulfonic acids include both aromatic and aliﬁhatic sulfonic acids. Representative sulfonic

acids that are commercially available include methanesuifonic, triflucromethanesulfonic,

'benzenesulfonic, dodecylbenzenesulfonic, dodecyl diphenyl oxide éulfonic, S-methyl-1-

naphthylenesulfonic, and p-toluenesulfonic acid, sulfonated polystyrene,' and the
sulfonates derived from polytetrafluoroethylenes.

Superacids are a particularly useful ciass of acid for the purposés 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. Som'mer,
Sugxéracids, John Wiley & Sons : New Ybrk, 1985. Useful éupéracids include perchloric,
fluorosulfuric, trifluoromethanesulfonic, and perfluoroalkylsﬁlfonic acids. They also
i-nclude Lewis superacids such as SbFs, TaFs, NbFs, PF5, and BF3. Superacids also
include hydrogen fluoride in combination with fluorinated Lewis écids such as SbFs,
Tan, NbFs, PF5, and BF3. They also include oxygenated Bronsted acids such as

sulfuric, fluorosulfuric, trifluoromethanesulfonic, and perfluoroalkylsulfonic acid in

-13-
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combination with_LeWis acids éuch as SbFs, TaFs, NbFs, PF5, and BF3. Obviously, it is
prefer_réd to use those sﬁperacids that are stable in wétér under the reaction conditions.

Particu-.larly useful superacids for this process in general, and for the -
polymerization of diglycidyl ethers of dihydric phenols in'particular, include perchloric,
trifluoromethanesulfonic, perfluc_arOaIkylsulfonic, tetrafluoroboric, and hexafluoro- |
phosphoric acid (H?Fs). Other mineral acids such as sulfuric énd hydrochloric acid, and
organic sulfonic acids such as p—toluenesulfonic and méthanesulfonic acid, were found
not to be effective catalysts for the polymerization of -the diglycidyl ether of bisghenoI-A.

The fact that superacids are effective catalysts in an aqueous medium for the
emulsion polymerization of diglycidyl e'thers of dihydric phenols whereaé other strong
mineral and sulfonic acids are not effective is of itself a surprising result. It is well known
that inan aque'ous solution, the streﬁéth of any acid is limited by the basicity of water.
Thus the strongest acid possible in aqueous solution is the complex of a proton and a
water molecule or molecules; generally denoted in the chemiqal 'litera;ture as H3O+.
Thus, all strong acids are eésentially the same acid strength in a.queoué solution, and
the Whole concept of having a superacid in an aqueous medium would be thdught éo be
impossible on this basis.

While not wishing to be bound by theory, it js the inventor's hypothesis that the
reason the technical effect is achieved in the present invention is that the superabid has
some equilibrium concentration in the disperse, organic monomer phase. In this phase,
the concentratio'n of water is relatively low. Thus, within the disperse phase it is possible
to achieve higher acid strengths than are possible in the aqueous continuous phase, and

polymerization is achieved.

-14 -
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The aqueous emuision of liquid epoxy resin particles méy ;:omj:rise 10 to 90
wit%, preferably 30 to 70 wt%, époxy resin bésed on total emulsion weight and 1 to 20,
pl;eferably 3 to 10 wit%, surfactant based on epoxy resin. _

in 'general,. it is advéntageous fo use as high a Wt% epoxy resin as possible to
obtain maximum efficiency of reactor utilization. However, when the _solidé become too
high, problems such as very high viscosity or emulsion instability arise. Likewise,
surfactant concentration should normally be the minimﬁm required to yield an emuilsion
stable to storage conditions and to fhe conditions of the polymerization, as this will
reduce cost and minimize water-sensitivity in end-use applications.

- An effective amount of superacid for polymerizing the dispersed époxy resin
parﬁcles is added to the aqueous medium. Such effective amount may range from 0.01
;co 10 wt%, preferably 0.1 to 3 Wi%, superacid based on total wéight of the emulsion.

The bolymerization reaction may be performed at 0 to 100°C, preferably 10 to
60°C, and any pressure, preferably athospheric. |

After-a suitable degree of polymerization has occurred, the reaction is stopped by
neL;traIizing the aqueous medium by the addition of a basic sdbstance such as an |
aqueous solution of an alkali or alkaline metal hydroxide or an amine such aé
triethylamine.

Biéphenol-A derived epoxy resins are essentially linear polymers represented

generically by the following chemical structure:
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where n represents the average number of repeat units in the polymer.

In contrast, thé structure of the polymer derived from this process when diglycidy!

‘ether of bisphenol-A (DGEBA) is the starting material is significantly different from the

structure of typical ad\_lanced epoxy resins shown above, and also different from the
structure of epoxy résins prepared by cationic polymerization of epoxy resins as
repo&ed by Tahaka and Bauer in C.A. May (Ed.), 'Epoxy Resins Chémistry and -
Technology', Marcel Dekker, Inc.: New York, 1988, pp. 337-343. Based on a

13

combination of ' °C NMR and matrix assisted laser desorption/ionization (MALD/I) mass

spectrometry, it is believed that fhe polymer has the followihg structure:

where two glycidyl units joined by an ether linkage are present between aromatic ring
units in the repeat unit structure, and where the resulting hydroxyl groups in the repeat
unit'can either be secondary or primary or a combination of secondary and primary (only
the latter is shown above). In the above structuré, "n" can range from 1 to 100. The
NMR spectrum also clearly indicates the presence of branching units, where additional
repeat units form by etherification of hydroxy groups in the repeat uﬁit structure. In
addition, all or nearly all of the epoxide end groups are hydrolyzed when the reaction is

taken to a high degree of conversion, resuiting in the presence of glycol end groups.
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While not wishing to be bound by theory, it is believed that the chemical structure
results from a polymerization mechanism where the reaction begins by first hydrolyzing
an epoxide by addition of water to a protonated epoxide. This is followed by addition of

the glycol to a protonated epoxide, to yield the repeat unit structure as shown .

HO
. R/\<C|)® ] j\/

~
R/\<é@ + HO —» R/\l/\OH ______>H. R/\(\O R
N OH

H OH

. The polymers prepared by the process of this invention can be crosslinked using
cfosslinking agents that react with hydroxyl groups. Many such crosslinking agents are
10 known and of industrial importance. Such crosslinking agents include the so-called
amino resins which include melamine-forméidehyde resins, urea-formaldehyde resins,
benzoguénamine—formaldehyde resins, glycoluryl-formaldehyde resins, as well as the
etherified derivatives 6f these resins. They are described in ZW. Wicks, F.N. Jones,

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

15  Interscience, New York, 1999, pp. 162-179. Another useful class of crosslinkers that
react with OH groups are the multifunctional isocyanates. They are described in 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 fréquenﬂy found necessary to .

20  include an acid catalyst in the coating formulation. Depending on the type of amino resin
employed, this may be a 'sftrong acid catalyst such as a sulfonic acid, or a weaker acid
such as a carboxylic acid. For ex'ample, fully alkylated melamine-formaldehyde resins
such as hexamethoxymethyl melamine-formaldehyde _resin (HMMM) usually require a
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strong acid catalyst, whereas high imino, partially alkylated resins respond well to weak

acid catalysis. If Iong term storage in a one component formulatlon is required, it is

common to block the acid catalyst_wﬂh a volatlle amlne, and many blocked acid catalysts
are commercially available. In addition, one component formulatioﬁs often contain
volatile alcohols such as methanol, ethénol, butanol, glycol ethers and the like which
improve the stability of the formulation. |

Amino resi.ns énd. polyols are not usually formulated on the basis of
stoichiometry, but rather on a weight basis. In part this is due to the fact that many
aminb resin -crosslinkers self condense at rates comparable to the transetherification
reaction with polyols, and also due to the fact that many aminb resins have a very high
functionality and all of the reactive grbups need not react in order to achieve useful
properties. However, the exact properties that one obtains are a function of th'e ratio of
amino resin to polyol, and the best formulation for a giveﬁ application is normally found
by running a number of experiments varying this ratio. The ratio of the weight of epoxy
polymer solids of the current lnventlon to amino resin crosslinker sohds that yields useful
propertles can vary from about 95:5 to 50:50, and preferably from about 90:10 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 Eatalyst if one is brésent, and the exact properties desired. Catalyst levels can vary
from about 0.05% based on total resin solids to about 10%. Cure temperature can vary
from ambient temperature (about 20°C) to-about 300°C, and cure times can vary from
several hours to just a few seconds. For example, combinations of hiéh catalyst level,
low cure temperature and long cure time rﬁight be employed for a substrate that cannot

tolerate high temperatures such as wood paneling. A coil coating, in contrast, may be
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cured for only a few seconds at a very high temperature using a more modeSt level of
catalyst.
Isocyanates useful in curing the polymers of the current invention include both

aromatic and aliphatic isocyanates. Useful aromatic isocyanates include any of the

. commercially available aromatic isocyanates such as toluene diisocyanate (TDI),

diphenylmethane-4,4'-diisocyanate (M DI), and aromatic isocyanates derived from
oligomers. of the reaction of formaldehyde and aniline.- Aliphatic isocyanates include any
of the _commercially available aliphatic isocyanates such as isophorone diisocyanate
(IPDI), hexamethylene diisocyanate (HMDI), trimethylhexamethylene diisocyanat_e, bis-
(4-isocyanatocyclohexyl)methyl diisocyanate (H12MD), tetramethyixylylene
diisocyanate (TMXDI), and polymeric isocyanates prepare by the polymerization of m-
isopropenyl-a,a-dimethylbenzyl isocyanate (m-TMI). In addition, derivatives of the
aliphatic and aromatic diisocyanates such as their isocyanurate trim_ers, biurets, and'
adducts with polyols such as trimethylo.lpropane are élso useful crosslinkers for the
current invention as are isocyaﬁates modified with hydrophilic moieties yvhich render
them water diSpersible, such-as Bahydur XP-7063 from Bayer Corp.

The iso_cyahates may be used without modification, in whic;h 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 pol'yOl are stored.in separate containers and mixed
prior to use. Cure temperatures for these systems generally range from ambient
temperétures to moderate baking temperatures of 120°C. The reéctions 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 reécted with a blocking a.gent that is released to reform the isocyanate under
baking conditions, which can then go on to react with the polyol of the current invention.
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Useful blocking agents inciude volatile alcohols, phenols, ketoximes, and b-keto-esters,

and are well known to those skilled in the art. Catalysts similar to those employed in the

- two component formulations are also employed in the -one component formulations.

Relétively high bake temperatures ranging from about 90°C to 300°C are employed,

depending again on catalyst concentration and cure time requirements.

Coatings prepared from the resins of the current invention and crosslinkers can

" be formufated with a wide \)ariety of ingredients well known to those skilled in the art of

coéting formulation, including solvents, fillers, bigments. pigment dispersing agents, _
rheology modifiers, thixotropes, flow and Ievel_ing aids, defbam'ers. etc.

- Coatings of this invention can be applied by any number of techniques including
spray, brush, roller, doctor blade, and the Ifke that are known in the coating art. They '
may also be applied using specialized industrial equipment such as that employed in coil
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

include but are not limited to many types of metal, particularly steel and aluminum, as

well as wood and various plastics.

EXAMPLE 1
Prep-n-aration of Epoxy Resin Emulsion - in a étainless steel mixing bowl was placed

109 g of deionized (D) water and 77 g of Hydropalat® 65 surfactant (a 65% solids

“solution of a nonionic emuisifier from Henkel Corp.). The mixture was placed in 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 typg liquid epoxy resin (EEW 190, Ciba-Geigy Corp.) was
added, and the mixture was mixed for 5 min at speed 1 and another 5 min at speed 2.
An additional 300 g of Araldite 6010 resin was added and mixed 5 min at speed 1 and &5
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min at speed 2. An additional 300 g of Araldite 6010 resin was added and mixed 5 min

at speed 1 and 60 min at speed 2. While continuing to mix, the mixture was then slowly
let down with 530.7 g of DI water and mixed for an additional hour. The final product
had a mean volume averaged particle size of 619 nm and a theoretical solids content of

60%.

EXAMPLE 2
Procedure for Measuﬁng Extent of Reaction by IR Spectroscopy. - A few drops of
emulsion were placed on an out-of-compartment atteﬁuéted total reflectance 45° Zn-Se
flat cell, available from Spectra-tech, Inc., Shelton, CT. The emulsion was smeared
across the c_:ell su_rface using a soft cotton pad. Water was allowed to-evapor-ate from
the resulting thin film, during which fime the film changed in appearance from milky white
to clear'. Typically this process took about 1 min. The IR spectrum (32 écans) was then
obtained in absorption mode, and then processed to obtain the 2" derivative of the
spectfum. The height of the Qem—dimethyl absorbances at 1383 and 1362.cm'1 were
then measured, and divided into the height of the epoxy ring absorbance at 916 crr;"..

This yields a normalized absorbance for the epoxide, since the gem-dimethyl group is

. inert toward the reaction conditions. To estimate the extent of reaction as a function of

timé; the normalized epoxy absorbance at time t was divided by the normalized

absorbance at t=Q.

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
acid in DI water. The mixture was shaken for 1 min, and then an IR spectrum was run
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according to the procedure of Exampie 2 to establish fhe epoxide content at t=0. After

27 hours of reaction at room temperat;.lre, the _rea;:tion was cjuenched with 6.99 g of 10%
NaOH solution, which resulted in a pH of 7.0 for the solution;' Anafysis of the 916 cm™
band nofméiized to fhe 1562 cm™ band indicated only 7% of the epoxide remained at

this ﬁme. A filh of this material draw down on a steel .panell also dried tack free to a light -
touch in about 10 minutes (i.e., after water evaporafioh), whereas a film of the starting
emuision similérly drawn down remained tacky iﬁdeﬁniteiy. The %séiids of the product

(1 hour, 110°C) was 59.6%. .

EXAMPLES 4-10
Evaluation of Acid Catalysts -- As in Example 3, emulsions of Example 1 were tréated
with.1% acid catalyst based on total weight of emulsion. The acid catalysts were all
added as 10% solutions in water. Epoxidé coﬁversiori was measured after 24 hours
using the procedure of Example 2. Number average (Mn) and weight average (Mw)
molecular weights were determined using GPC after quenching the samples at the times

indicated in Table 1.
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Table 1

Catalyst Extent of Reaction "Mn - Mw Reaction

in 24 Hours _ : Time (Hr)

None - 360 565
" p-CH3CgH4SO3H 2.8% 383 523 7
“CH3SO3H % 370 500 72
“HBF4 0% 1650 6600 72
APFe ~ 95.3% 1850 523, 72
CF3SO3H 25.3% 1590 6150 72
HCIO4 51.6% 1755 8250 24

These results indicate that HCIO;;, HPFs; HBF.4, and CF3S0O3H are all effective
catalysts for this polymerization reaction, whereas p—toluenesuifonic acid and
methanesulfonic acid afe not. In separate experiments it was also found that sulfu.ric
acid and hydrochloric acid under similar conditions are also ineffective catalysts. These
results support the hyp_othesis that very strong acids (éuperacids) are required to yield
effective polymerization of DGEBA.- Noté Ia_l'so tﬁat alihough the molecular weight for the

epoxy polymer catalyzed by HPFg was measured af 72 hours, epbxy conversion was

nearly complete in 24 hours, and it may have built molecular weight as fast or faster than

perchloric acid.

EXAMPLE 11
Coating Formulation Cured with Melamine-formaldehyde Resin -- In a glass jaf was
placed 26.85 g of the resin of Example 3, .4.0 g of Resimene® 747 HMMM type M-F

resin (Solutia, Inc.), 2.35 g of DI water, and 0.6 g of a 10% solution of p-toernesulfonic
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'a'ci_d in Dl water. On a sé:lid Weight basis, this represe-nts an 80:20 'ratio of polymerized
epoxy resin to M-F resin. The samé day the formulation was prepared films were
applied to Bonderite 1000 steel panels (Q-Panel Cd.) using a 2 mil v_qet film thickness
drawdown bar. After a 15 minute flash at room temperature, the panels were baked for
30 minutes at temberaturés starting at 90°C, and incréasing in 10°C increments. At
90°C, the coating had an F pencil hardﬁess ahd showed visible attack with 10 MEK
double rubs, thbugh with 250 MEK double rubs tﬁe film was not complétely removed
from the rubbed area. With a 100°C bake, the cda_ting had a 0.9 mil dry film thickness,
4H pencil hardness and showed no effect from 256 MEK double rubs. It also had 5B
cross-hatch édhesion, a 60° gloss of 90, 56 in-lb (65 cm-kg) direct impact, and 12 in;lb
(14 cm-kg) reverse irﬁpact. Higher cure temperatures (ub to 160°C) gave cpmparable

hardness and MEK double rub resistance.

Example 12

Comparative Coating Formulation Based on a Commercially Available High Molecular

. Weight .Epoxy Resin biépersion in Water -- In a jar were mixed 29.08 g of Epi-Rez®

3540-WY-55 resin (Shell Chemical Co.), 4 g of Resiméne@ 747 resin, 9.31 g DI water, |
and 0.6 g 10% p-toluenesulfonic acid in DI water. According to the manufacturer, Epi-
Re£® resin is a 55% solids dispersion of an Epoh® 1007F resin (advanced bisphenol-A '
type epoxy resin) in a 76% water, 24% 2-propoxyethanol blend, with an EEW of 1800
based on solids. In order to apply this formulation to é substrate, the solids of tﬁis
formulation were lower than the solids of Example 11 because of the much hi.gher
viscosity of thé 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 tha;c '
no cure temperafures lower than 110°C were attemptéd. When cured at 110°C, a 2H
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" hardness was obtained but there was signiﬂcant damage to the film with 10 MEK double

rubs and with 50 MEK double rubs the coating was completely removed from the
substrate. When cured at 120°C, the film had a 3H hardriess, and there was sugnlf icant

damage to the film with 10 MEK double rubs, though with 250 MEK double rubs the film

~ was not completely removed from the rubbed afea. When baked at 130°C, the film had

a 3H pencil hardness, and showed almost no aﬁack from 250 MEK double rubs,. though
the -area on the film that had been rubbed could be discerned. The film thickness was -
0.6 mil. It also had 5B cross-hatch adhesion, a 80° gloss of 119, >160 in-lb (>185 cm-
kg) direct impact, and >160 in-lb (>185 cm-kg) reverse impact. Further increases in
bake temperature (to 160°C) gave hardness and solvent resistance comparable to that
achieved at 130°C.

" These results clearly indicate that the resin of Example 3 could be cured for 30
minutes at 100°C to giv-e a film with compar;ble hardness and solvent resistance to a

WB epoxy resin dispersion of the current art cured for 30 minutes at 130°C.

Example 13

: Po'lymérization of Epi-Rez® 3510 Epoxy Resin Catalyzed by Perchloric Acid. Into a

glass jar was placed 100 g of Epi-Rez 3510 resin (Shell Chemical Co., a 60% solids
emuision of bisphenol-A epoxy resin stabilized by a proprietary surfactant). Then 10 g of
a 10% solution of perchloric acid in water was added dropwise with stirring. An IR
spectrum was immediateiy 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 1.67 g of a 10% solution of sodlum hydroxide in
water. The other sample was guenched with 4.73 g of a 10% solution of triethylamine
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(TEA) in water. Coatir.\g.fﬁrmulations at an 80:20 ratio of polyol to melamine resin
catalyzed with 0.3% p-toluenesulfonic acid on solids were prepared from these samples
usfng the procedure of Exarhple 11. The sample neutralized with sodium .hyd roxide
yielded a coating that showed no damage wit.h. 250 MEK double rubs when baked at
110°C for 30 min, but when baked at 100°C for 30 min there was slighf damage from
250 MEK double rubs. The sample neutr:élized with _TEA.. yielded a coating that showed

no damage with 250 MEK double rubs when baked at 90°C for 30 min.

STATEMENT OF INDUSTRIAL APPLICATION
- The invention provides a method for the preparation of aqueous emulsions of
polymers, especially polymeric polyols from epoxy resins, suitable for use in aqueous

coating compositions that can be cured at lower temperatures.

MLO1915.APP
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CLAIMS
| claim: |
1-. A method for preparin_Q an agueous polymér emulsion which comprises
dispersing a hydrophobic monomer in water in t.he presence of a surfactant to form
dispersed monomer particles and non-reversibly polymerizing the water-borne monomer
particles in the présence of an effective amount of a water soluble acid material having a

pKa of <2.

2. The method of Cléim 1 in which the hydrophobic monomer is an ethylenically

unsaturated monomer.

3. The method of Claim 2 in which the monomer is an ethylenically unsaturated
hydrocarbon, an ethylenically unsaturated ether, an es_,tér of vinyl alcohol, a conjugated

diene, a vinyl amide, an imidazoline or a styrene.

4. The method of Claim 2 in which the monomer is butadiene, isoprene, styrene,
a substituted styrene, cyclopentadiene, vinyl acetate, vinyl butyrate, vinylmethyl ether,
vinylpropyl ether,-vinylbutyl ether, vinyl chloride, vinylidene chloride, divinyl benzene,

divir;{yl ether or N-vinylformamide.

5. The method of Claim 1 in which the acid material is a mineral acid, an organic

sulfonic acid, an ester of sulfuric acid or a superacid.
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6. The method of Claim 1 in which the acid material is sulfuric acid, hydrochloric

~acid, perchloric acid, nitric acid or phosphoric acid.

7. The method of Claim 1 in which the acid material is methanesulfonié acid,
trifluoromethanesulfonic acid, benzenesulfonic acid, dodecylbenzenesulfonic acid,
dodecyl dipheny! oxide sulfonic acid, 5-methyl-1 -naphthylenesu'lfonic acid, p-toluene-

sulfonic acid, sulfonated pblystyrene or a sulfonate derived from polytetrafiuoroethylene.
8. The method of Claim 1 in which the acid material is a supéracid.

9. The method of Claim 8 in which the superabid is perchloric acid; fluorosulfuric -
acid; triﬁuoromethanesulfonic acid; perfiuoroalkylsuifonic acfd; Sbfs; Tan; NbFsg; PFs5;
BF3; hydrogen flqori_de in cbmbinaﬁon wi‘;h SbFs, TaFs, NbFs, PF5, or. BF3; or sulfuric,
fluorosulfuric, triﬂuo'romethanesulfonic, or perfluoroalkylsulfonic acid in combination with

SbFs, TaFs, NbFs, PF5, or BF3.

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

which is polymerized.by ring opening.

11. A method for preparing an aqueous polymeric polyol emulsion which
comprises dispersing a hydrophobic cyclic ether in water in the presence of a surfactant
to form dispersed monomer particles aﬁd non-reversibly polymerizing the water-borne
cyclic ether particles in the presence of an effective amount of a water soluble acid

material having a pKa of 2.
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12. The method of Claim 11 in which the acid material is a superacid.

13. The method of Claim 1'2 in which the superacid is perchloric acid;
fluorosulfuric acid; triﬂuoromethanesulfonic acid; perfluoroalkyisulfonic acid; SbFs; TaFs;
NbFs; PF5; BF3; hydrogen fluoride in combination with SbFs, TaFs5, NbF5., PF5,- or BF3;
or suleric, fluorosuilfuric, triﬂuorohethanesulfonic, or perfluoroalkylsulfonic acid in

combination with SbFs, TaFs, NbF5, PF5, or BF3.

14. The method of Claim 12 in which the cyclic ether is a monofunctional epoxy,

a multifunctional epoxy, or a combination of both.
15. The method of Claim 12 in which_ the cyclic etheris a diglycidyl ether of
bisphenol-A, an advanced diglycidyl ether of bisphenol-A, a diglycidyl ether of bisphenoi-

F, or polyepoxy novolac resin.

16. The method of Claim 13 in which the cyclic ether is a diglycidyl ether of

' bisphean-A, an advanced diglyéidyl ether of bisphenol-A, a diglycidy! ether of bisphenol-

- F, or polyepoxy novolac resin.

17. The method of Claim 14 in which the superacid is perchloric acid;
trifluoromethanesulfonic acid; hydrogen fluoride in combination with PF5; or hydrogen

fluoride in combination with BF 3.
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18. The method of Claim 15 in which the superacid is perchloric acid;

trifluoromethanesulfonic acid; perﬂuoroalkylsu_lfonic acid; hydrogen fluoride in

combination with PF5; or'hydrogen fluoride in combination with BF3.
19. The method of Claim 15 in which the superacid is perchloric acid.

20. The method of Claim 19 in which the polyepoxide is a diglycidyl ether of

bisphenol-A.

+ 21. A method for preparing an aqueous polymeric polyol emulsion which

comprises dispersing a hydrophobic poly_epoxide' in water in the presence of an effective

" amount of a surfactant to form dispersed polyepoxide‘ particles and non-reversibly

polymerizing the water-borne polyepoxide particles in the presence of a water soluble

superacid.

22. The method of Claim 21 in which the superacid is perchloric acid;

fluorosulfuric acid; trifluoromethanesulfonic acid; perfluoroalkylsulfonic acid; SbFs; TaFs;

NbFs5; PFs5; BF3; hydrogen fluoride in combination with SbFs, TaFs, NbF5, PF5, or BF3;

or sulfuric, fluorosuifuric, trifluoromethanesulfonic, or perfluoroatkylsulfonic acid in

combination with SbFs, TaF5, NbFs, PFs, or BF3.
23. The method of Claim 22 in which the polyepoxide is a polyepoxide of a
polyunsaturated organic compound, an oligomer of an epihalohydrin, a polyglycidyl

derivative of hydanfoin or a hydantoin derivative, a polygiycidyl! ether of a polyvalent
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alcohol, a polygiycidyl derivative of a triazine, a polyglycidyl ether of a polyhydric phenol

“or a polyepoxy novolac resin.

24. The method of Claim 23 in which the polyepoxide is a diglycidyl ether of
bisphenol-A, an advanced diglycidyl ether of bisphenol-A, a diglycidyl ether of bisphenol-

F, or poly epoxy novolac resin.

25. The method of Claim 21 in which the superacid is perchloric acid;
trifluoromethanesulfonic acid; hydrogen fluoride in combination with PF5; or hydrogen

fluoride in combination with BF3.
26. The method of Claim 24 in which the superacid is perchloric acid;
trifluoromethanesulfonic acid; hydrogen fluoride in combination with PF5; or hydrogen

fluoride in combination with BF3.

27. A coating composition comprising the aqueous polymeric polyol emulsion of

Claim 11 and an OH-reactive crosslinking agent.

MLO1915 APP
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