WATER- BORNE DI SPERSI ONS OF O L MODI FI ED URETHANE POLYMERS FI ELD OF THE

| NVENTI ON [ 0001] The present invention relates to oil-nodified urethane
(OW) polwoanes/mndet 0 aqueous di spersions thereof. In pacriusadoansssshe

i nvention relates to air curable water-borne or aqueous dispersions of
uret hane polynmers suitable for use in coating conpositions for application
to various substrates such as wood, paper, plastic, netal, or the like.
BACKGROUND OF THE | NVENTI ON [ 0002] Ureghane pol ymers have found w despread
use in coatings for a variety of substrates such as plastics, wod, netal,
textiles, and the like. It is known in the industry that urethane based

coatings exhibit excellent Qpert | C | )
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al l—m)di fied, solvent-based urethane polynmer coating conpositions have been
utilized as clear protective gEjdi Wﬂ%l ring. When applied, the
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pendant from the pol yurethane backbone. The pendant unsaturation |
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application. [0003] In order, to conply with such strict environnental

regul atiorP@pﬁho‘ﬁaﬁrlq’é‘?ﬁtP[al?rﬁé%ﬁlb%en directed toward the devel opment of

wat er - bor ne pol yur et hane coatings which enpl oy | esser anounts of organic
solvents than traditional solvent-based coatings. For water dispersability,
it is known to pol yneri ze BACKGROUND OF THE INVENTION

[0002] Urethane polymers have found widespread use in coatings for a
variety of substrates such as plastics, wood, metal, textiles, and the like. ltis
known in the industry that urethane based coatings exhibit excellent properties
such as abrasion and chemical resistance, toughness, elasticity, and their ability
to cure rapidly. Oil-modified, solvent-based urethane polymer coating
compositions have been utilized as clear protective finishes on wood flooring.
When applied, the solvent evaporates at ambient temperature and the polymer
coating is crosslinked by air oxidation through ethylenic unsaturated groups that
are pendant from the polyurethane backbone. The pendant unsaturation is
provided by unsaturated fatty acid residues that have been reacted into the
polymer backbone. Rising health and environmental concerns over volatile
organic compound (VOC) emission from solvent based paints and coatings has
resulted in strict regulation of VOC emitted from paints and coatings after
application.

[0003] In order to comply with such strict environmental regulations much
attention has been directed toward the development of water-borne polyurethane
coatings which employ lesser amounts of organic solvents than traditional
solvent-based coatings. For water dispersability, it is known to polymerize a
dispersing diol containing ionizable groups such as a free carboxylic acid moiety
into the urethane prepolymer backbone. Typically, isocyanate terminated water

dispersible prepolymers are made by reacting: (1) a low molecular weight



di spersing diol containing ionizable groups such as a free carboxylic acid
noi ety into the urethane prepol yner backbone. Typically, isocyanate

t er mi nat estowadean7ticsper si bl e prepol yners are nade by reacriusgoosigosa | ow
nmol ecul ar wei ght di hydroxy al kanoi c acid such as di nmet hyl ol propanoic acid
(DWPA); (2) a polyol that contains a pendant unsaturated fatty acid ester
group(s); and (3) a diisocyanate. The prepolyner is neutralized, dispersed
into water and chain extended with a ti functional active hydrogen
cont ai ni ng conpound, such as an ami ne 0t a thiol containing conpound, to
produce a fully reacted pol yurethane di spersion. The prepolymer is usually
made with | ow nol ecul ar wei ght conponents in the presence of some anmpunt of
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in the industry. However, water-borne polyurethanes still suffer shortcomings in
that the water-based dispersions generally have lower solids content due to the
use of relatively high levels of NMP co-solvent to solubilize DMPA which is a
high melting solid material with limited solubility in polyols. Consequently,
present water-borne polyurethane dispersion compositions will not meet
proposed VOC targets of 150 g/L. In addition, the use of a low molecular weight
dihydroxy alkanoic acid such as DMPA increases the minimum film formation
temperature (MFFT) for coatings utilizing such acids due to the necessity of
increasing the hard segment content of the polymer.

[0005] Given the interest in providing environmentally friendly urethane-based
coatings, there is a need for development of urethane polymers that can be
utilized to make clear, stable compositions containing water as the as the
principle carrier or dispersing solvent and that have higher solids content, lower
VOC levels, fast curing rates, and that have a good balance of properties such
as hardness, mar resistance, and flexibility when in the cured state.

[0006] According to a general aspect of the invention, there is provided a
water dispersible OMU urethane polymer that is formed from a urethane

prepolymer that comprises: (a) pendant self-crosslinkable functional groups, (b)



principle carrier or dispersing solvent and that have higher solids
content, |lower VOC | evels, fast curing rates, and that have a good bal ance
of properwoeasocadciicas hardness, mar resistance, and fl erclviuscdaog/osdven in t he
cured state. [0006] According to a general aspect of the invention, there
I's provided a water dispersible OW urethane polyner that is fornmed froma
ur et hane prepol yner that conprises: (a) pendant self-crosslinkable
functional groups, (b)pendant water dispensability enhancing groups, and
(c) areactive filmform ng diluent. Al LED DESCRI PTI ON OF THE | NVENTI ON
[ 0007] The urethane prepolyner is prepared by reacting (a) at |east one
organi ¢ pol yi socyanate; (b) an isocyanate reactive oil nodified polyol
conponent paadanigvatee tispetsabiliineohantiog growps, and (cpeyaaetive filerniorming

pol ymeri c ,pol yol conponent containing pendant ani onic functional groups;
(d) a reagﬁf *diluent conponent containing at |least two ethylenically
unsat ur ated doubl e bonds; and optionally an isocyanate reactive conponent

selected from(e) a carbonyl functional conponent; I(_:Qr an anionic
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functional component; (f) an anionic functional alcohol component and salts
thereof; (g) an alcohol component containing a polyalkyleneoxide side chain; and
mixtures thereof. In addition to the foregoing reactants at least one of an
isocyanate reactive component selected from (h) polyester polyols, polyether
polyols, polycarbonate polyols, polyamines, low molecular weight diols, and
mixtures thereof can be added to the reaction mixture.

[0008] The term “isocyanate reactive” refers to compounds that are a source
of "active hydrogen atoms" that can react with isocyanate groups via the

following reaction:

-NCO + H-X > -NH-C(0O)-X

Active hydrogen atoms refers to hydrogens which, because of their position in
the molecule, exhibit activity according to the Zerewitinoff test. Active hydrogen
includes hydrogen atoms attached to oxygen, nitrogen, or sulfur, and useful
compounds will include those having at least two of these groups (in any
combination) -OH, -SH, -NH- and -NH,. The moieties attached to each group
can be aliphatic, aromatic, cycloaliphatic which can contain ester, ether, keto,
amine, and urethane linkages, among other linkage types.

[0009] The prepolymer subsequently is (1) optionally neutralized by reaction
with at least one neutralizing agent, (2) dispersed in water optionally containing



I ncl udes hydrogen atons attached to oxygen, nitrogen, or sulfur

conmpounds wi || include those having aty?east t wo gf ihese groﬂpé ?Pg gﬁst|
combi nat iwo)2006@H7746SH, - NH and -NH2. The noieties attaebedst@s@a8983 gr oup
can be aliphatic, aromatic, cycloaliphatic which can contain ester, ether
ket o, am ne, and urethane |inkages, anong other |inkage types. [0069] The’
prepol yner subsequently is (1) optionally neutralized by reaction with at

| east one neutralizing agent, (2) dispersed in water optionally
cont ai ni ng- Aat | east one neutralizing agent in lieu of step (1), and then
(3) chain extended by reaction with at |east one of water, inorbanic or
organi ¢ pol yam nes having an average of about 2 or nore primary and/or
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conducted in the complete absence of a VOC emitting organic solvent. The

foregoing aspects of the invention are accomplished by conducting the urethane

prepolymer synthesis in the presence of a reactive diluent(s).

Polyisocyanates
[0010] Suitable polyisocyanates useful in prepolymer formation have an

average of about two or more isocyanate groups. In another embodiment the
polyisocyanate can have an average of about two to about four isocyanate
groups and include aliphatic, cycloaliphatic, araliphatic, and aromatic
polyisocyanates, used alone or in mixtures of two or more.

[0011]  Specific examples of suitable aliphatic polyisocyanates include but are
not limited to alpha, omega-alkylene diisocyanates having from 5 to 20 carbon
atoms, such as hexamethylene-1 B-diisocyanate, 1,12-dodecane diisocyanate,
2,2 4-trimethyl-hexamethylene diisocyanate, 2.4 4-trimethyl-hexamethylene
diisocyanate, 2-methyl-1,5-pentamethylene diisocyanate, and the like.
Polyisocyanates having fewer than 5 carbon atoms can be used but are highly
volatile and toxic.

[0012]  Specific examples of suitable cycloaliphatic polyisocyanates include
but are not limited to dicyclohexylmethane diisocyanate, (commercially available

as Desmodur™ W from Bayer Corporation), isophorone diisocyanate,



[0011] Specific exanples of suitable aliphatic polyisocyanates include but
are not limted to al pha, onega-al kyl ene diisocyanates having from5 to 20
carbon atwompocauchicas hexamet hyl ene-1 , 6-diisocyanate, PCIAsd@desaBe
diisocyanate, 2,2, 4-trinethyl-hexanethylene diisocyanate,

2,4,4-trinethyl -hexanet hyl ene diisocyanate, 2-nethyl-1,5-pentanethylene
dii socyanate, and the |like. Polyisocyanates having fewer than 5 carbon
atons can be used but are highly volatilLe and toxic. [0012] Specific
exanpl es of suitable cycloaliphatic polyi socyanat es i nclude but are not
limted to dicycl ohexyl net hane diisocyanate, (commercially avail able as
Desmodur (tm) W from Bayer Corporation), isophorone

di i socyanat,4-cycioheyanetiscayanate, dod-pimtisecyanatmettylicystohaxarenichine

cycl _ohexagﬁ and the like. [0013] Specific exanples of suitable araliphatic
pol yi socy Stes include but are not limted to mtetranet hyl xylyl ene

di i socyangpeq3p- t sSheaBidxampied v stitable araliphatiapelyisbcyarglesl inclade but

di i socyanate, 1, 3-X [

3-xylylene diisocyanate, and the like. [0014
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Qil Modified Polyols
[0016] Air-oxidizable, self-crosslinkable unsaturation is conveyed into the

urethane prepolymer backbone via active hydrogen containing (isocyanate-
reactive) unsaturated fatty acid ester polyol(s) (e.g., oil modified polyols). The
resulting unsaturation in the polyurethane imparts air curable latent
crosslinkability so that when a coating composition containing such a component
is dried in the air (often in conjunction with a drier salt) the coating undergoes a
self-crosslinking reaction, thereby improving its properties, e.g., its chemical
resistance, hardness and durability. By isocyanate reactive is meant that the
unsaturated fatty acid polyol contains at least two hydroxyl groups (containing
active hydrogen atoms) that are available for reaction with the isocyanate groups
on the polyisocyanate. The oil modified polyols employed in the invention are
conventional in the art. They are generally produced by reacting a polyfunctional
alcohol (polyol) with a drying oil (glyceride) or a free fatty acid. The fatty acid
component(s) of the drying oils and free fatty acids are characterized by
containing at least one olefinic carbon-carbon double bond and can have two,
three or more olefinic double bonds.

[0017] Unsaturated fatty acid ester polyols also can be obtained by reacting

an unsaturated fatty acid with an epoxy group containing compound.



sel f-crosslinking reaction, thereby inproving its properties, e.g., its
chem cal resistance, hardness and durability. By isocyanate reactive is
nmeant thawothe/umsiat urated fatty acid polyol contains aPcClramstosisgshydr oxyl
groups (containing active hydrogen atons) that are available for reaction
with the isocyanate groups on the polyisocyanate. The oil nodified polyols
enpl oyed in the invention are conventional in the art. They are generally
produced by reacting a pol yfunctional alcohol (polyol) with a drying oi
(glyceride) or a free fatty acid. The f8tty acid conponent(s) of the drying
oils and free fatty acids are characterized by containing at |east one
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per mol ecyh@ention the average functionality of the polyfunctional alcohol can be in the
range of from 2.5 to about 4 hydroxy! groups per molecule. In one aspect of the
invention the average functionality of the polyfunctional alcohol is 3 hydroxyl
groups per molecule.
[0019] In another aspect of the invention, polyfunctional acids and acid
anhydrides can be reacted with polyfunctional alcohols to obtain polyester
polyols for use as a polyfunctional alcohol. Such acids and anhydrides useful in
this aspect of the invention generally contain from 4 to about 36 carbon atoms,
and in another aspect contain from 4 to about 12 carbon atoms. In a further
aspect, such polyfunctional acids or acid anhydrides contain from about 6 to
about 8 carbon atoms. Generally, the polyfunctional acids or acid anhydrides
are aliphatic or aromatic polyfunctional acids or acid anhydrides. Examples of
polyfunctional acids which can be used include but are not limited to succinic
acid, glutaric acid, adipic acid, pimelic acid, suberic acid, azelaic acid, sebacic
acid, phthalic acid, isophthalic acid, terephthalic acid, tetrahydrophthalic acid,
hexahydrophthalic acid, chlorendic acid, tetrachlorophthalic acid, dimer acid,
trimellitic acid, tricarballylic acid and the like. Maleic acid, fumaric acid,
glutaconic acid and similar acids also can be utilized. Anhydrides of such acids,
where anhydrides exist can also be used. Mixtures of polyfunctional acids,

mixtures of acid anhydrides and mixtures of polyfunctional acids and acid



[0019] In another aspect of the invention, polyfunctional acids and acid
anhydri des can be reacted with polyfunctional alcohols to obtain polyester
pol yol s fwo 2us4amica pol yfunctional al cohol. Such aci ds pamdsassyssossies
useful in this aspect of the invention generally contain from4 to about 36
carbon atons, and in another aspect contain from4 to about 12 carbon
atons. In a further aspect, such polyfunctional acids or acid anhydrides
contain fromabout 6 to about 8 carbon atons. Generally, the polyfunctional
acids or acid anhydrides are aliphatiC'Jr aromati c pol yfunctional acids or
aci d anhydrides. Exanples of polyfunctional acids which can be used include
but are not limted to succinic acid, glutaric acid, adipic acid, pinelic
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include all natural and synthetic positional isomers with respect to the location of
the unsaturated carbon-carbon double bonds. In another aspect of the
invention, the fatty acids contain two to three unsaturated double bonds. The
unsaturated fatty acids that can be employed in preparing the oil modified polyol
include but are not limited to those formed by the hydrolysis of any of the so
called drying or semidrying oils, such as linseed oil, poppyseed oil, tung oil,
dehydrated castor oil, safflower oil, sunflower oil, soybean oil, oiticica oil, perilla
oil, walnut oil, tall oil, sardine oil, herring oil, and the like which contain’'linoleic
acid, linolenic acid, oleic acid, oleosteric acid, pinolenic eleosteric acid, licanic

. acid, arachidonic acid, ricinoleic acid, recinoic acid, palmitoleic acid, and the like.
[0021] Synthetically modified unsaturated fatty acids also can be employed in
the preparation of the unsaturated fatty acid ester polyols of the invention. The
properties of unsaturated fatty acids and their derivatives can be altered by
rearrangement, i.e., isomerization, of the structure of the double bond, either with
respect to the steric position or the position in the carbon chain of the molecule
of the fatty acid. Isomerization of non-conjugated, polyunsaturated free fatty
acids or their esters to conjugated positional isomers is well known in the art and
can be effected by treating the fatty acid or its ester with catalysts, such as
nickel, alkoxides, alkalis, sodium amide or amines, at elevated temperatures.



i nclude all natural and synthetic positional isomers with respect to the
| ocati on of the unsaturated carbon-carbon doubl e bonds. |In another aspect
of the i nwenvewmy74she fatty acids contain two to three mosaisoecaesyszioubl e
bonds. The unsaturated fatty acids that can be enployed in preparing the
oil nodified polyol include but are not limted to those forned by the
hydrol ysis of any of the so called drying or semdrying oils, such as
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their derivatives can be altered by rearrangenent , 1somerization, of

t he st ructyrtbe eistarifiisationheactissnef a pelypkwithvatatty @@@bcln artpthw@,aw,utbe

position | I fatty
acid. | so%él ’]L'Q(Z{'g‘gﬁoy‘)?%ah% o&%\@% gbgpth%q yrll}r?ga rﬁﬁr&g 'Q@ fsré:aééjﬁ gltet(%/rp:'gl I ds or
their estevr%ehﬁ-drr;anguﬂ(aé)evitrpesauﬁtabmdolyap@mms Sonekambie wentaeryineitalr t and
can be effected b%ktreatlng the fatty acid or jts ester with catalysts

such as nil@R23] thesaspe i Af ithe Inyghtiomm thaidadngor seMi=yingolle| evat ed
tenper at ”gg&céﬁ& 8 odfngér rﬁ%?%ggtdecédrh/léggﬂ% mBﬂaﬁgﬁo&%‘éﬁg ginsaturation to

obtain po I ona S a escri |te tent Nos. 6,881
, 854 and Q}oﬂiﬁ@dl@ég e4t60BYZ hidamobysés Iasfpwladdlhgtthe acrd/emaa:ldranhydﬂd@ahd modi fi ed

ol yol can be, provided cation re ct on a pol oI. ith a
DOl e s o of Bl sk B s 50 PR 5P6UPRed by
the transgg |§&Afb|y%éhh@n1 qf}-%rnﬁw‘étlﬁ;ﬁ%lbﬁwé#@"1“91ofn @tm{ro%»st;aﬂeg (s) wth a

suitable p as, 'for exanple, peénfaeryth 0023] In anot her
aspect of rietnn@eryitmmn drhe average yumgiopalityefithe pplyohused in tieyaleohalgsisr

trighycer 'rgg tioh qwou?d %Ona\ﬁéés%% : Odr%xﬂbgrgﬂ;ys 58% X\o?ecu ¢, Ris preferred that
the average functionality be about 3 hydroxyl groups per molecule. When the
polyol has an average functionality significantly greater than 3, it is preferred that
monocarboxylic acid be added in an amount which would reduce the average
functionality to about 3 hydroxyl groups per molecule. The monocarboxylic acid
may be added during the alcoholysis reaction or during formation of the oil
modified polyol. For example, when pentaerythritol is employed, one molar part
monocarboxylic acid may be added per mole pentaerythritol to reduce the
functionality of the resulting product to about 3 hydroxyl groups per molecule.
[0024] In another aspect of the invention, the oil modified polyols can be
prepared by reacting an epoxy containing compound with the aforementioned
drying oils or fatty acids to obtain an unsaturated fatty acid functionalized polyol.
The oil modified epoxy compound of this aspect of the invention can be readily
prepared by reacting an epoxy compound having an epoxy functional group at
each terminal end of the molecule with a stoichiometric equivalent of fatty acid.
In one aspect of the invention the epoxy groups are glycidyl ether residues. The
oil modified epoxy compound can be readily prepared by reacting at least one
epoxy compound having terminal epoxy groups with at least one of the fatty
acids set forth above, optionally in the presence of a catalyst. The modification



pol yhydroxy ester by al cohol ysis before adding the acid or acid anhydride
and esterifying. Exanples of polyols which nay be used in the al coholysis
reacti on wocbhada7gbycerine, 1, 1 ,1- trinethyl ol et hane, PtTAIS2M05/038983
trimet hyl ol propane and pentaerythritol. The average functionality of the
pol yol used in the al coholysis reaction should be at |east 2 hydroxyl
groups per nolecule. It is preferred that the average functionality be
about 3 hydroxyl groups per nolecul e. en the polyol has an average
functionality significantly greater than 3, it is preferred that

nmonocar boxylic acid be added in an anmount whi ch woul d reduce the average
functionality to about 3 hydroxyl groups per nolecule. The nmonocarboxylic

acid may Heaclitecanibeicagiacheutaticirnpeipiuresd donpabeut 3Rt aAkOW?GREG on of

ol ar par e SasiRinifis of PR 28 1o S1LE SRbORIIR Ul RrerSudiT: o °To °°
reduce tthﬁ?p@ﬁétutmélhd the reﬁ/etdalecarta@gt émpibyedoduct to about 3 hydroxyl
groups per_nol ecul e I n anot her aspect of the invention, the qil

modi fi ed 8P3%l s Eéﬁms@rwc@wysga ipsjude Bet ar@gncarlm@m@ 2 BheapherHg-hasagound
wth the ?a?él &%ﬁé&?&%@& %ghiggﬂqu@ﬁg{aowﬁq&%%ﬁﬁ eg\ 4 QB&ﬁas“s@éh g@sat ur at ed

fatty aci ctionali ze oXy conpound of this

aspect gf Kemezy ftripresryi phosphorbt?nram«lsﬁldq quwtn@hedylh;hdmohlulm m{l‘ldefoﬁ

conpoun avin ne nctional , gr e m na 0 e

ol bcul e AR REu B SHRETAITG bEaNC el BheR B RhPSRBPBI FRBHESHEPEet of

the invent i The oil
éﬁab&tggmﬁ&gyhﬁo RonfliR Hdrdide Q%rﬁbct'eﬂ}’drg?‘iwg%hlh%?, ISR s

nodi fi ed epoxy can be readily prep reacting at |east one
epoxy conﬁophmhywwminaeranddabubjmqsp@impls\ anchﬂinrato thegytospherusfbadesl fatty

modi 11 cat IR FalA AT A AHES aRoE i emaiE ol SR about 80

to about %@Q?stanﬂw@cét@%id t)ﬂﬂé@ﬂb[d?/@daél@ﬁ’é op.rec%mgm%ubﬁurs dependi ng on
t he reaction eraturé and the | evel” of catal yst enpl oyed. [0025]

Exenpl ary [06026] ystrsomenesna@ ajtibe inrvention, an APE¥HCOMPAUPHGLBA@SE - based
diglycidyl ether terminated resin is reacted with an unsaturated fatty acid as
shown in the reaction schematic below. The reaction occurs as the epoxy
groups undergo ring-opening and esterification by reaction with drying or semi-
drying oil fatty acids. The resulting product contains hydroxyl groups formed
from the ring-opening of the oxirane moiety. These hydroxyl groups contain
active hydrogen atoms and are co-reactive with the isocyanate groups contained
in the polyisocyanate compound during prepolymer formation and allow the
unsaturated fatty acid to be polymerized into the prepolymer backbone. An
exemplary reaction is illustrated in the schematic below where R'C(O)OH
represents any unsaturated fatty acid derived from the natural drying or semi-
drying oils set forth above. In one aspect of the invention, R’ is a Jong chain
carbon moiety that can contain from about 8 to 40 carbon atoms and 1 to 4
unsaturated carbon-carbon double bonds which can be conjugated or non-

conjugated.



catal yst selected fromsalts of quaternary phosphoni um conpounds such as
benzyl tri phenyl phosphoni um chloride, ethyltriphenyl phosphoni um i odi de,

but yl t ri phernygés/qahmsphoni um brom de, ethyltriphenyl phospoonisoesobdsss i de,
and tetrabutyl phosphoni um hydroxi de; and tertiary phosphi nes such as

tri phenyl phosphi ne, and tri butyl phosphine. In addition to the phosphorus
based catal ysts, tertiary and quaternary am nes al so can be enpl oyed as
suitabl e catal yst. The catal ysts may bel enpl oyed al one or in conbination.

[ 0026] In one aspect of the invention, 'ah epoxy conmpound such as a

di gl ycidyl ether term nated resin is reacted with an unsaturated fatty acid
as shown in the reaction schematic bel ow. The reaction occurs as the epoxy
groups undergqo ri ng-epeni rtlg|3 and estegd ficati onlihy reaction %\II th drying or
sem drying oti~fatt y ds resul ti.ng oduct al, nsZhydr oxyl ups
formed froffthe i nifng toh%fc}fkleileT@ gﬁsbg&'hyd%xy "5 ooﬁps
contain active hydrogen at®ws and are co-feacti%%e with the isocyanate
groups contained in the polyisocyanate conpound during prepolyner fornmation
and allow the unsaturated fatty acid to be polynerized into the prepol yner

backbone. An exenplary reaction is illusffrated in the schematic bel ow where
R1IC(O) OH represents any unsaturated fattyc#y¥d derived fromthe natural
drying or semdrying oils set forth above. In one aspect of the invention,

R is a long chain carbon noiety that cam contain fromabout 8 to 40 carbon
atons and 1 to 4 unsaturated carbon-carbon doubl e bonds which can be

conj ugated or nonc?mjug=ted.c?ga | st mh?wein t repr@sents t hen ext ent of

pol yneri zat | OB ocd DeQAEL @ te eo_é@y@mz_b@_lcs_@m&g —framdeko 18.
[0027] In one aspect of |the inye on epoxid onpoun useful in making
the oil nodified epoxy e€onponent includes gl-ycidyl é&thers of any pol yhydric
al cohol . By way of exanple, the polyhydric al cohol can be selected from

wherein t represents the extent of polymerization. In one aspect of the invention
t is an integer from 0 to 18.

[0027] In one aspect of the invention epoxide compounds useful in making
the oil modified epoxy component includes glycidyl ethers of any polyhydric
alcohol. By way of example, the polyhydric alcohol can be selected from
polyhydric phenols, aliphatic diols, cycloaliphatic diols, polyether polyols, and the
like obtained by reacting the polyhydric alcohol with an epihalohydrin, e.g.,
epichlorohydrin.

[0028] The polyhydric phenols include but are not limited to bisphenol A
(p,p'-dihydroxydiphenyl propane), resorcinol, hydroguinone,

4. 4'-dihydroxybenzophenone, 4,4'-dihydroxybiphenyl and novolak resins
containing more than two phenol moieties linked through methylene bridges.
Epoxy resins derived from bisphenol A are commercially available under the
Epon® trademark from Resolution Performance Products LLC, Houston, Texas.

[0029] The aliphatic diols can be represented by the formula:
HO-(CH2)m-OH

wherein m represents an integer from 2 to 10. Representative diols include but
are not limited to ethylene glycol, 1,3-propylene glycol, 1,4-butane diol,



pol yhydric phenols, aliphatic diols, cycloaliphatic diols, polyether
polyols, and the |ike obtained by reacting the pol yhydric alcohol with an
epi hal ohywoi2n6/@7136, epi chl orohydrin. [0028] The pol yhy@ciraspésnsdsss i ncl ude
but are not Iimted to bisphenol A (p,p'-dihydroxydi phenyl propane),
resorci nol, hydroqui none, 4,4'-di hydroxybenzophenone,
4, 4" -di hydr oxybi phenyl and novol ak resins contai ning nore than two phenol
noi eties |inked through nethyl ene bridgﬁﬁ; Epoxy resins derived from

de

bi sphenol A are conmercially avail able - r the Epon(r) trademark from

Resol uti on Performance Products LLC, Houston, Texas. [0029] The aliphatic

diols can be represented by the formula: HO (CH2) m OH wherein mrepresents
an i nt eger 1fa-pantaneglialp: ﬁ%@x@rseeﬁlohtar\sdethaihb% In gedifign, kuthediglsrast fonthri t ed
to ethylen I - I - 4- but ane diol, 1, 5-pentane diol,
1, 6- hexanesglg\é%(’ﬁ%é)rpg%gﬁee%%.Cgﬁ(rslélsg;d%%pl{'%zrﬁjd'to the diols set forth above,
neopentyl §0030]ol Tncwdlealigreatidtdidls zad.bd RPs€dentbe byithé daimyidat i ¢ diol s can
be represented by the fornmula: wherein R independently represents hydroxyl
or hydroxy (G -C 5)alkyl, and nis an integer from1l1l to 3. Representative
cycloaliphatic diols include but arg not limted to cycl ohexane diol and
cycl ohexane di net hanol. [0031] The Fg e rh.diols can be selected froma
pol yal kyl ene oxi de represented by the\f rr‘ml%\'e: HO (CH2CH2O) p-H

HO (CH2CH(CH3)O) 1 -H HO- (CH(CH3) Oy r - rein p, g, and r represent an
integer from1l to 250. It is to be I?ecogni zed that conbi nations of ethyl ene

oxi de and propyl ene oxide repeating units set forth ove can occur, in the
sane pol ye&h‘é?e'er%qupﬁ”ﬂﬁﬂ&f%ﬁé Rt EVERRYLPT Ly@@gg?&@s)alkyl, and n is

an integer from 1 to 3. Representative cycloaliphatic diols include but are not
limited to cyclohexane diol and cyclohexane dimethanol.

[0031] The polyether diols can be selected from a polyalkylene oxide
represented by the formulae:

HO-(CH,CH,0),-H  HO-(CH,CH(CH)O),-H  HO-(CH(CH;)O),-H

] 1

wherein p, q, and r represent an integer from 1 to 250. It is to be recognized that
combinations of ethylene oxide and propylene oxide repeating units set forth
above can occur in the same polyether chain in which case the sum of integers
p, g, and r can range from 2 to 250.

[0032] Various diepoxy resins based on the non-aromatic polyhydric alcohols
set forth above are commercially available under the Heloxy™ trademark from
Resolution Performance Products, supra, and under the Erisys® trademark (e.g.,
GE product series) sold by CVC Specialty Chemicals Inc. of Maple Shade, NJ.
[0033] A commercial oxidatively curable, natural oil modified polyol is
available from Pioneer Plastics, Auburn, ME under the Piothane® S-500
trademark.

[0034] The amount of unsaturated fatty acid ester polyol (or drying oil) to
utilize will depend on many factors such as the degree of flexibility desired in the
final coating and the nature and the amount of the other reactants used in the

prepolymer formation as well as the degree and rate of air curing that is desired



p, q, and r can range from2 to 250. [0032] Various diepoxy resins based on
the non-aronmatic pol yhydric al cohols set forth above are conmmercially

avai | abl ewondevosttae Hel oxy(tm trademark from Resol uti orciParsbasnesyse
Products, supra, and under the Erisys(r) trademark (e.g., CE product
series) sold by CVC Specialty Chemcals Inc. of Maple Shade, NJ. [0033] A
commercial oxidatively curable, natural oil nodified polyol is avail able
from Pi oneer Plastics, Auburn, ME under ,the Piothane(r) S-500 tradenark.

[ 0034] The anount of unsaturated fatty'& 1d ester polyol (or drying oil) to
utilize will depend on many factors such as the degree of flexibility
desired in the final coating and the nature and the anount of the other
react ant s {psdiae palyurethpreseriingr Therunsetwateskfaligldcichestenpolyocarband rat e

of air curj |.s¢cdasi t ed t t atin The unsatur.at ed
fatty aci dhpés @%8@%51 @%@%Q%%te#?grgémﬁw bf?ge{’&”g‘t‘;‘SJP%%W%‘ﬂ}t@ént by
wei ght basthi prepblyendratomhpowsrgdreictdrits) infopespERt of tHEDAvEetich, @naardmnt s)
in one aspect of the invention, and from about 10 {)ercent to about 35
percent byakRiighR Peicenhin akputdpeiceniby wieight i apether aspeel. yneri ¢ Pol vol
[ 0035] At | east one isocyanate reactive polyneric polyol conponent that
cont ai ns pendant anionic groups can be polynerized into the prepol yner
backbone t AniomiaF tinctionad PoivepenisPblyel characteri stics to the pol yuret hane
subsequent _t hai ) .extension. The term ani oni c functional polynmeric polyol
i ncl udes alﬂ‘@ﬁﬁc Igastitle isgryanate r%ﬁTWﬁiW?%PV%PHQP| pempensntthall ani oni c
pol ycar bongggaR! octdant &R Sl LAt in active
2P pRicnt BRI, R St TR INE NG Ao ORISR

hydr ogen at ons. anionic c ter S hibit is based
on the conbasidwiniedn impantomatee dispensible, chanactddstidsolo the poharéthanei onal gr oups

ired f h d ' e, hydr oxyl ' b I ,
Contai n a DUREENCR OME proen s RneARalc ERe gaI Ry AU REVEh Che

includes anionic polyester polyols, anionic polyether polyols, and anionic

polycarbonate polyols. These polyols include moieties that contain active
hydrogen atoms. The anionic character in which the polyols exhibit is based on
the condensation of monomers which, in addition to the functional groups
required for the condensation (e.g., hydroxyl, amino, and carboxy! groups),
contain a pendant anionic group. In one embodiment of the invention, the
anionic group can be selected from sulfonic acid, carboxylic acid, and
phosphonic acid groups, and the like, and salts thereof (e.g., sodium, potassium
and ammonium), and mixtures thereof. Polyols containing anionic groups are
described in U.S. Patent No. 5,334,690.

[0036] In one aspect of the invention, the anionic functional polymeric polyol
is a carboxylic acid functional polymeric polyol. The polymeric acid functional
polyol of the invention include reactive hydroxyl groups (containing active
hydrogen atoms) that are reactive with the isocyanate groups of the
polyisocyanate component to form water dispersing segments in the prepolymer.
These segments contain pendant neutralizable carboxylic acid groups situated
along the backbone of the prepolymer segment and in the neutralized state aid
in providing water dispersing properties to the urethane prepolymer and to the
chain extended polyurethane. The use of the polymeric acid functional polyols in

the invention enables the elimination or reduction of relatively low molecular



ani oni c group can be selected fromsulfonic acid, carboxylic acid, and
phosphoni ¢ acid groups, and the like, and salts thereof (e.g., sodium

pot assi unwendoscaiammgi un) , and m xtures thereof. Pol yol s eomtuskevsngsani oni c
groups are described in U S. Patent No. 5,334,690. [0036] In one aspect of
the invention, the anionic functional polyneric polyol is a carboxylic acid
functional polyneric polyol. The polyneric acid functional polyol of the
invention include reactive hydroxyl ps (containing active hydrogen
atons) that are reactive with the |soc éhate groups of the polyisocyanate
conponent to form water dispersing segnents in the prepolyner. These
segnents contain pendant neutralizable carboxylic acid groups situated
along the \Akéigﬂitb@momjhctgwuproeptdilyingrdislegmehtastDMPiAnammeﬁH@Quﬁ’rtandalﬁd state
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of the in react ant can
embodiment and from about 50 to about 250 in another embodiment.

[0038] In one embodiment of the invention, the polymeric polyol reactant can
be formed by the reaction of a diol and/or a polyol and a dicarboxylic acid. By
polymeric is meant that the average molecular weight of the polyol is at least 500
in one embodiment, at least 1000 in another embodiment, and at least 3000 in
still another embodiment. In another embodiment the average molecular weight
can range from about 500 to 5000. The diols or polyols can be any suitable
aliphatic, aromatic, aliphatic/aromatic mixtures, or ether containing polyol.
Suitable diols and/or polyols include but are not limited to ethylene glycol,
propane diol, butane diol, hexane diol, neopentyl glycol, homo- and copolymers
of polyethylene glycol and/or polypropylene glycol, and the like. Suitable
dicarboxylic acids include but are not limited to adipic acid, citric acid, maleic
acid, phthalic acid, isophthalic acid, terephthalic acid, trimellitic acid, succinic
acid, and the anhydrides thereof. In one embodiment of the invention the
polymeric polyol is a polyester polyol. Commercially available polyesters are
available under the Lexorez® brand name from Inolex Chemical Company of
Philadelphia, PA. Lexorez® 1640-150 (Ave. M.W. 750) and Lexorez® 1400-120
(Ave. M.W. 990) polyesters are examples of specific commercial polyester

products.



be fornmed by the reaction of a diol and/or a polyol and a dicarboxylic
acid. By polyneric is neant that the average nol ecul ar wei ght of the polyol
is at | eawD 26@047Tacone enbodi nent, at | east 1000 i n anorberusesmbsossssent, and
at least 3000 in still another enbodi ment. In another enbodi nent the

aver age nol ecul ar wei ght can range from about 500 to 5000. The diols or

pol yols can be any suitable aliphatic, aromatic, aliphatic/aromatic

m xtures, or ether containing polyol. Suitable diols and/or polyols include
but are not limted to ethyl ene glycolf1ﬁropane di ol , butane diol, hexane
di ol , neopentyl glycol, hono- and copol ymers of pol yethyl ene glycol and/or
pol ypropyl ene glycol, and the |like. Suitable dicarboxylic acids include but
are not |i[0039] tdnatiephspent bﬁtheCIht/erhtdbrapd)IganhyidrEieCreactahts pbeﬁmairi theaci d,

i sopht halic acid, terep hfhallc i d, trIFE||ItIC aci d, n|c a0|&% and
the anhydr fBEtORGdg PO yesiscadsianstional PelyolsirontaIp At ieast H@%‘dﬂp ric
polyol is
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[0040] The polyanhydride (e.g., d|a1nhydnde) reacts with the hydroxyl groups
on the polyol and links two polyol chains together. The carboxylic acid functional
groups that are left are separated from the reactive hydroxyl groups by the
length of the polymer chain. By way of non-limited example, the basic reaction
scheme between a typical polyanhydride (dianhydride) and a polyol is shown

below:

o o)

Q o I ]
HO—A—0—C—CH, HG—C—0—A—OH
0—-A—-OH + O |—A— 0 —— —A—
H HO(O)C —CH, H,C— C(O)OH
o} 0

wherein A represents a polyester, polyether, polycarbonate, polyetherester,
polybutadiene, polyacrylic, or a polyolefin and A' is an aliphatic or cycloaliphatic
group linking the anhydride groups of the dianhydride and is covalently bonded
to a non-carbonyl carbon atom(s) in each anhydride group. As one of ordinary
skill in the art will recognize, the carbon atom to which A' is covalently bonded to
will possess one less hydrogen atom to satisfy the valence requirements of the
carbon. While the above reaction scheme is exemplified with a cycloaliphatic

dianhydride structure, it should be understood that other non-cyclic non-aromatic



yl)tetraline-1 ,2-dicarboxylic anhydride. [0040] The pol yanhydride (e.g.,
di anhydride) reacts with the hydroxyl groups on the polyol and |inks two
pol yol chwonsodiagrbher. The carboxylic acid functional groupsooshadsare | eft
are separated fromthe reactive hydroxyl groups by the length of the

pol ymer chain. By way of non-linmted exanple, the basic reaction scheme
between a typical polyanhydride (dianhydride) and a polyol is shown bel ow
A- OH wherein A represents a pol yester,, polyether, polycarbonate,

pol yet herester, pol ybutadi ene, ponacr?“£ or a polyolefin and A is an
aliphatic or cycloaliphatic group linking the anhydride groups of the

di anhydride and is covalently bonded to a non-carbonyl carbon aton(s)

each anhydfianieydyidesanise ased t6 fmndhh&apqummld: acidwfunn@omluoomql landewdﬂ. ze

t he carbon afomto mqlch A. is coval ent
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structure oul be understood that othér non-cycl

non- ar onathy:hiowi Igyolmwsj@%muttailzlb@oprtrﬁaﬁﬂijm@m@fﬁcﬂW"6 agid GrovBRct i onal

Irogla%:/'?ls W ?WWﬁdel ¥'?18 tag'ci‘ﬁpﬁ{'(grﬂaq;ogml?unc a'@gg Oftfrtﬁ?%:%lr?n\?\llm ch

there are {@erhby& ’f%jré)h%djro& piiGe offdnnabbuieRd Z@bbeu’oﬁom eamt a\nydp:mydiant
carboxylic acid groups 041] The pobgnerlc aci d functional pol yol s have

an aci d vauoetiofa mytfmta@ms from @bl duf ta8eout2.hydr oxyl val ue of from about

20 to abo H%cctt m about 1.8 to
about 2. F@ngf Tﬂil'%p[gq %E'g@sﬁl&lyo @aw&dgﬁl(%/béﬁ%?édﬂw%%hg@gnt in a slight
st oi chi onedibichignEEisexebs Y hgdnikylgroups needde do react ettt thei ndn-atesmatic

non-aromati ¢ pol yanhydri de. The part| ul ar armgnts (g d are, dependent upon

t he desi re@py@mqf&@al-m@ partishlar REQH %UP%‘FH@W‘ REFY UPANF 9485768 made.

The amuntfu%tlonalltles of the acid functionalized polyol to be made. The amount of
dianhydride needed can be calculated from the acid equivalent weight of the
dianhydride which corresponds to the acid equivalent weight of the desired acid
value of the acid functional polyol. In embodiment of the invention, the
percentage ratios of polymeric polyol reactant to polyanhydride in the reaction
product should be from about 30:1 to about 1:1 in one aspect, and from about
20:1 to about 2:1 in another aspect.

[0043] In one aspect of the invention a method for making the polymeric acid
functional polyol at least one polyo! including the hydroxy-terminated polyolefins
and polymeric polyols noted above is reacted with a polyanhydride as described
above at a temperature of from about 50°C to about 200°C to form an acid
functional polyol. The reaction is monitored by taking samples periodically and
measuring both the acid and hydroxyl numbers. The reaction is terminated
when the acid functional polyol has an acid value of at least 10, preferably from
10 to about 150, a hydroxyl value of at least about 20, preferably from about 20
to about 500, and a hydroxyl functionality of at least 2. In another aspect, the
reaction is terminated when the acid value is from about 20 to about 75, the
hydroxyl value is from about 50 to about 150, and the hydroxy! functionality is
from 2 to 4.

[0044] in accordance with another embodiment, polymeric acid functional

polyols can be derived from an esterification reaction of at least one first



di anhydri de needed can be cal cul ated fromthe acid equival ent weight of the
di anhydri de which corresponds to the acid equival ent weight of the desired
aci d val uwsoahosidaersaci d functional polyol. In enbodi nent pofr/usbesiosssent i on,
the percentage ratios of polyneric polyol reactant to polyanhydride in the
reaction product should be fromabout 30:1 to about 1:1 in one aspect, and
fromabout 20:1 to about 2:1 in another aspect. [0043] In one aspect of the
invention a method for making the polyneric acid functional polyol at |east
one polyol including the hydroxy-term na Bsd pol yol efins and pol yneric

pol yol s noted above is reacted with a pol yanhydride as described above at a
tenperature of from about 500C to about 200 OC to forman acid functional
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[0045]  The first component, which includes one or more polyols and/or one or

more aliphatic diacids, is chosen in conjunction with the second component in

order to facilitate the desired reaction and to achieve the preferred functionalities

in the polymeric acid functional polyol. For example, if the second component

selected has reactive (unhindered) carboxylic acid functional groups, then the

first component should be at least one monomeric or polymeric polyol. Such

components are reacted under conditions which allow the unhindered carboxylic

acid groups on the second component to react with the hydroxyl groups on the

polyol(s) and leave the hindered carboxylic acid group unreacted. In the final

polymer, the hindered groups are distributed along and are pendant from the

polymer backbone. As a further example, if the second component selected has

reactive (unhindered) groups which are hydroxyl groups and/or some other

group(s) capable of reacting with carboxylic acid, such as primary or secondary

amine or thiol groups, then the first component is selected to have one or more

polyol(s) and to have a reactive diacid to covalently bond the molecule

containing the hindered carboxylic acid group to the polyol to form the acid

functional polyol which will have distributed pendant carboxylic acid groups.

[0046] Aliphatic diacids which can be used in the esterification reaction

include but are not limited to oxalic acid, malonic acid, succinic acid, glutaric

acid, adipic acid, maleic acid, fumaric acid, azeleic acid, phthalic acid, isophthalic



preferably from about 30 to about 150, and nore preferably fromabout 30 to
about 80. The hydroxyl value of the acid functional polyol is at |east
about 20,wpnedsnuataky from about 20 to about 500, and noreTmsedsnaddBy from
about 35 to about 150. The hydroxyl functionality is at least 2 , and
preferably from2 to 4. [0045] The first conponent, which includes one or
nore pol yols and/or one or nore aliphatic diacids, is chosen in conjunction
with the second conponent in order to facilitate the desired reaction and
to achieve the preferred functionalities in the polyneric acid functional
pol yol . For exanple, if the second conponent sel ected has reactive

(unhi ndered) carboxylic acid functional groups, then the first conponent
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the hindered carboxylic acid group(s) of the second component.

[0048] Examples of compounds which can be used as the second component

and which have one hindered carboxylic acid group and two unhindered

functional groups include but are not limited to tricarballylic acid

(1,2,3-propanetricarboxylic acid), citric acid, gluconic acid, glutamic acid (alpha-

amino-glutaric acid), glyceric acid, dimethylolpropionic acid, cysteine (alpha-

amino-beta-thiolpropionic acid), glutamine (2-amino-4- carbamoylbutanoic acid)

and similar compounds having the necessary number of hindered and

unhindered groups.

[0049] In one embodiment the components be combined by reacting them in

a range of weight percentage ratios of from about 30:1 to about 1:1, preferably

from about 20:1 to about 4:1 of the first component to the second component.

The ratio of the reactants may have to be adjusted depending upon the particular

components selected to form the acid functional polyol.

[0050] In one reaction according an aspect of the present invention, the first

component includes adipic acid and a polyethylene glycol having an average

molecular weight of from about 100 to about 2,000. The first component further

may also include glycerin and/or trimethylol propane. The second component is



olyneric. Exenplary polymeric polyols include but are not limted to
Bolgester polngs, pol yet her polyols, polyacrylic polyols, polybutadiene
pol yol s, wolyearbrsat e pol yol s, honmopol yners or copol ymecs/ustoosobsses hyl ene
and pol ypropyl ene glycol, and other sinmilar polymeric polyols. Exenplary
nmononeric polyols include ethylene glycol, 1,2-propanediol, 1,3-
propanedi ol , glycerin, butanediol, hexanediol, neopentyl glycol,
trinethylol propane and simlar nononeriqg_polyol conpounds. It will be
under stood, that other diacids and polyols can be as long as they are
capabl e of reacting with the unhindered groups of the second conponent and

[ significant extent with the hindered carboxylic acid
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r eggt i on ami ngndAmalgean agd fumetiopabeeliel aerasdingdna oneraettiodsef themponent

we ght of Pros ERe Ol RS o i B Bp A PR R PR e
component, as described above. The reaction can be a one-shot esterification
reaction at a temperature of from about 100°C to about 250°C to form the
polymeric acid functional polyol. The reaction is monitored by taking samples
periodically and measuring both the acid and hydroxyl numbers. The reaction is
terminated when the acid functional polyol has an acid value of at least about 10
in one aspect of the invention, from about 30 to about 150 in another aspect, and
from about 30 to about 100 in still another aspect, a hydroxyl value of at least
about 20 in one aspect of the invention, from about 20 to about 500 in another
aspect, and from about 35 to about 150 in still another aspect, and a hydroxy!
functionality of at least 2 in one aspect of the invention, and from about 2 to 4 in
another aspect.

[0053] Suifable polymeric acid functional polyols and methods for making
same are disclosed in U.S. Patent Nos. 5,880,250 and 6,103,822 which are each
herein incorporated by reference. Commercially available polymeric acid
functional polyols are available from Inolex Chemical Company under the
Lexorez® 1405-65 and Lexorez® 4505-52 brand designations.

[0054]  In another aspect of the invention, the polymeric acid functional polyol
are reaction products of (1) at least one base polyol having at least one of a
terminal primary, secondary and/or tertiary hydroxyl! group; and (2) an aromatic
and/or a non-aromatic polyanhydride. The ester based polyol has a hydroxyl
number between of about 50 to about 1000 in one aspect of the invention, from



may al so include glycerin and/or trinethylol propane. The second conponent
| spreferably either dinmethylol propionic acid, citric acid or a m xture of
t hese twoweebaz47i40051] I n such a reaction, the acid fumrciriuseals/opsssy ol
woul d be the reaction product of from about 10 to about 50 wei ght percent
of adipic acid, fromabout 20 to about 85 wei ght percent of polyethylene
glycol, optionally fromabout 0 to about 10 wei ght percent, preferably 0.1
to 10 wei ght percent of glycerin and/or éjinethylol propane, and from about
2 to about 25 weight percent of the secgnd conmponent. [0052] In formng an
acid functional polyol according to one nethod of the present invention, at
| east one first_ co qﬂgg%pLs reacted wth the second conponen
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tertiary terminal hydroxyl group. Such ester type base polyols should provide a
secondary and/or tertiary hydroxyl(s) to the ester base polyol. Non-ester type
base polyols include those such as polypropylene glycol, polycarbonate,
polytetramethylene glycol, or other polymeric or monomeric polyols as described
further below.
[0055] Suitable backbones for polymeric base polyols include
polycarbonates, polyethers, polyesters, polyetheresters, polyacrylates,
polybutadienes, polyalkylene and other backbones, wherein such backbones are
hydroxy functional as noted herein. In one aspect of the invention, the base
polyols utilized for the non-aromatic polyanhydride embodiment of the invention
described above can be utilized in the reaction with the aromatic polyanhydrides
discussed below. In another aspect of the invention, the base polyol can be
represented by the formula below which polyols include at least one of a terminal
secondary and/or tertiary hydroxyl group.

HO-C(R")(R?xR3-OH

wherein R" is a hydrogen atom; R?can be a substituted or unsubstituted and
branched or straight chain aliphatic alkyl and alkoxy groups of from 1 to 20
carbon atoms, including lower alkyl and longer chain species such as methyl,
methoxy, ethyl, ethoxy, propyl, propoxy, butyl, butoxy, and the like; substituted or



[ 0054] In another aspect of the invention, the polyneric acid functional

pol yol are reaction products of (1) at |east one base pol yol having at

| east onewofo@/ietsri nal prinmary, secondary and/or terti @Cy/usgehso3so83 gr oup;
and (2) an aromatic and/or a non-aronmatic pol yanhydride. The ester based
pol yol has a hydroxyl nunber between of about 50 to about 1000 in one
aspect of the invention, fromabout 60 to about 200 in another aspect, and
from about 100 to about 200 in still another aspect. The hydroxyl
functionality of the base polyol is ab®&® 1 to about 5 in one aspect, and
about 2 in another aspect. The base polyol (s) can be nononeric or polyneric
in nature. Further, the base polyol(s) nay be of an ester-type or of a
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the invention, if R® is substituted with a hydroxyl group, there is at least one such
hydroxyl group in the secondary or tertiary terminal positbion with respect to the
carbon in R® which is adjacent the end hydroxy group of foregoing polyol
formula.
[0056] Suitable monomeric polyols include, for example,
2 2 4-trimethyl-1,3-pentane diol (TMPD), 2- butyl-2-ethyl-1 ,3-propanediol
(BEPD), 2,2-diemthyl-1,3-propanediol (neopentyl glycol) (NPG), 1,6-hexanediol
(hexamethylene glycol) (HD), ethylene glycol (EG), 1,3-butanediol (1,3 BD),
1 4-butanediol (1,4-BD), diethylene glycol (DEG), propylene glycol (PG),
dipropylene glycol (DPG), hydroxypivalyl hydroxypivalate (HPHP),
2-ethyl-2-(hydroxymethyl)-1,3- propanediol (trimethylol propane) (TMP), and
cycloaliphatic diols. Preferably, a polymeric base polyol or monomeric base
polyol is selected which has at least one of a terminal secondary and/or tertiary
hydroxyl group, including polyethers, polyesters, polyalkylene glycols, 1,3 BD,
PG, DPG, TMPD and the like, or combinations of such compounds with each
other or with any other suitable primary, terminal hydroxyl group containing
polyol such as BEPD, HD, NPG, HPHP, EG, DEG, and TMP.
[0057] In forming an ester base polyol, polyols are reacted with diacids and
the reaction mixture further includes carboxylic acids or their anhydrides.
Suitable diacids for ester base polyol formation include adipic acid, azelaic acid,



represented by the fornula bel ow which polyols include at | east one of a
term nal secondary and/or tertiary hydroxyl group. HO C(Rl)n(R2)nR3-CH
wher ei n Rioi280624madr ogen atom R2 can be a substituted ecTwssewbssssosut ed and
branched or straight chain aliphatic alkyl and al koxy groups of from1l to
20 carbon atons, including | ower alkyl and |onger chain species such as

met hyl, methoxy, ethyl, ethoxy, propyl, propoxy, butyl, butoxy, and the
like; substituted orunsubstituted cycloallphatlc groups, such as cycl ohexyl
groups or simlar species; subst it ut ed-%¥ unsubstit uted aryl groups, such
as benzyl, tolyl, xylyl, phthalic and the like; substituted or
unsubstituted aral kyl groups, such as nethyltolyl and simlar species. R3
can be sulysithalid acidporthoshthalic acit ckexdneuliat) |sog|nhhabc atidfarsheyclealiph@ticar bon
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di et hyl eneggh \i6olo HBRD prithRAAIFAE NGO ED, 86, BD, HD, NPG, BEPD,
HPHP, TMP and the like. Suitable mono- or polycarboxylic acids or mono- or
polycarboxylic anhydrides include adipic acid, azelaic acid, glutaric acid,
cyclohexane diacid, phthalic acids and the anhydrides made therefrom.

[0059] The anhydrides used in this aspect of the invention can be an aliphatic
or aromatic anhydrides. They can also be mono- or polycarboxylic anhydrides.
Examples of suitable anhydrides include but are not limited to 1,2,4-benzene
tricarboxylic acid (trimellitic anhydride) (TMA), 1,2,4,5-benzene tetracarboxylic
anhydride (pyromellitic dianhydride) (PMDA), hexahydrophthalic anhydride
(cyclohexane dicarboxylic anhydride) (HHPA), and (2,5-dioxotetrahydrol)-3-
methyl 3- cyclohexene-1,2 dicarboxylic anhydride (BAN).

[0060] The polymeric acid functional polyols of this aspect of the invention
which are reaction products of (1) at least one base polyol having at least one of
a terminal secondary and/or tertiary hydroxyl group; and (2) an aromatic and/or
a non-aromatic polyanhydride are disclosed in U.S. Published Patent Application
No. 2002/0183443. These polymeric acid functionalized polyols can be
synthesized using any of the techniques known in the art, noted herein, and/or
described in U.S. Pat. Nos. 5,880,250, and 6,103,822. The pendant carboxylic
acid groups containing in the foregoing acid functional polyols can be neutralized
by conventional bases known in the art. The amount of acid functional polymeric
polyol that can be utilized ranges from about 1 to about 40 weight percent of the



di propyl ene gl ycol (DPG, hydroxypivalyl hydroxypival ate (HPHP),
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conmpounds with each other or with any o&@er suitable primary, term nal
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hydrocarbon radical having 1 to 12 carbon atoms, and x and y are 1 to 3 in one
aspect of the invention and x is 2 in another aspect. The hydroxyl groups
contain active hydrogen atoms that can react with the polyisocyanate
component. Examples of such carboxylic functional alcohols include citric acid,
dimethylolpropanoic acid (DMPA), dimethylol butanoic acid (DMBA), glycolic
acid, lactic acid, malic acid, dihydroxymalic acid, tartaric acid, hydroxypivalic
acid, and the like, and mixtures thereof. In one embodiment of the invention, the
carboxylic acid functional alcohol components can be used alone or in
combination with the other ionic group and/or non-ionic group containing
compounds to convey water dispersing functionality into the prepolymer
backbone. The amount of low molecular weight hydroxyl-carboxylic acid
compound that can be utilized in the prepolymer ranges from about 0 weight
percent to about 10 weight percent of the total prepolymer components in the
reaction medium. When utilized in combination with the other water dispersible
ionic or non-ionic functional polyols of the invention the amount can range from
about 0.5 weight percent to about 4 weight percent of the total prepolymer

component reactants.



Exanpl es of suitable anhydrides include but are not Iimted to
1,2,4-benzene tricarboxylic acid (trinellitic anhydride) (TMA),

1, 2, 4, 5- bwozesw4tRbr acar boxyl i ¢ anhydri de (pyronelliti cpdirasbydnasde)

(PMDA), hexahydropht halic anhydride (cycl ohexane di carboxylic anhydri de)
(HHPA), and (2, 5-di oxotetrahydrol)-3- nethyl 3- cycl ohexene-1 ,2

di carboxylic anhydride (BAN). [0060] The polyneric acid functional polyols
of this aspect of the invention which qgf reaction products of (1) at |east
one base polyol having at |east one of term nal secondary and/or tertiary
hydr oxyl group; and (2) an aromatic and/or a non-aromatic pol yanhydride are
di scl osed |n_U S. Publlshed Patent Appllcatlon No. 2002/0183443. These
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hydrocarbon radical having 1 to 12 carbon atons, and x and y are to 3 in
one dispersed in water to provide an aqueous dispersion of the prepolymer or chaln

extended polymer. Reduced acid values allow reduced viscosity of the
dispersions, thus making them easier to apply as a component of a coating
composition.

[0063] The non-ionic dispersing polyols containing polyethylene oxide (PEO)
side chain containing compound(s) allows the incorporation of pendant and/or
terminal polyethylene oxide into the prepolymer backbone. It should be pointed
out that side chain incorporation of the polyethylene oxide moiety differs from
main chain incorporation in that main chain incorporation of the polyethylene
oxide moiety involves both terminals polyethylene oxide segment being
incorporated into the polymer backbone, while terminal or side chain
incorporation of the polyethylene oxide segment permits a terminal end of the
segment to remain free and unbound from the polymer backbone. The PEO
chain length will normally be such as to provide a PEO molecular weight of from
175 to 5000 in one aspect of the invention, and from 350 to 1500 in another
aspect. A small segment of the PEO chain can be replaced by a propylene
oxide unit(s)or a butylene oxide unit(s) but should still contain ethylene oxide
units as a major part of the chain. In one aspect of the invention at least 60% of
any PEO chain should be ethylene oxide groups. Pendant PEO chains may be

introduced by employing a poly difunctional isocyanate-reactive compound



aspect of the invention and x is 2 in another aspect. The hydroxyl groups
contain active hydrogen atons that can react wth the polyi socyanate
conponentwoBs@n@abas of such carboxylic functional al cohecs/useasossseitric
aci d, dinethylol propanoic acid (DVWPA), dinethylol butanoic acid (DVBA),
glycolic acid, lactic acid, malic acid, dihydroxymalic acid, tartaric acid,
hydr oxypi valic acid, and the like, and m xtures thereof. In one enbodi nent
of the invention, the carboxylic acid fynctional alcohol conponents can be
used alone or in conmbination with the ot9tér ionic group and/or non-ionic
group contai ni ng conpounds to convey water dispersing functionality into
the prepol ymer backbone. The anmount of | ow nol ecul ar wei ght

hydr oxyl - cheningya pendantdP cOrgroup) imtiie prpolenen synthesis siagehel grminall yrer
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with the ohhsiofuattinallisepasatelreactivd EombolAd haQitigta P@@bh@maﬂm tiel yol s of
the invention the anount can range from about 0.5 weig percent to about 4
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neverthel es§ sti'lT be effectively
side chains. In another aspect of the invention the isocyanate-reactive
compound is a diol with pendant PEO side chains. The polyols containing
pendant PEO side cﬁains are described in U.S. Patent No. 3,905,929
(incorporated herein by reference in its entirety). Further, U.S. Patent No.
5,700,867 (incorporated herein by reference in its entirety) teaches methods for
incorporation of poly(ethylene oxide) side chains at col. 4, line 35 to col. 5, line
45, A commercial compound containing poly(ethylene oxide) side chains is
trimethylol propane monoethoxylate mether ether, available as
Tegomer® D-3403 from Degussa-Goldschmidt. In one aspect of the invention,
the amount of non-ionic water dispersability polyols that are employed can range
from about 0 to about 40 weight percent of the total prepolymer components in
prepolymerization medium. When utilized in combination with the water
dispersible anionic functional polyols of the invention, the amount can range from
about 1 weight percent to about 30 weight percent of the total prepolymer
component reactants in one aspect, and from about 1 weight percent to about 10
weight percent in another aspect.
[0064] It will be recognized by those skilled in the art that the type,
combination and amount of water dispersability component(s) that can be
utilized in the present invention will depend on the level needed to achieve a

water-borne dispersion and the desired properties of the final polyurethane



di spersed in water to provide an aqueous dispersion of the prepolyner or
chai n extended pol yner. Reduced acid val ues all ow reduced viscosity of the
di sper si onNe,206dm4s7468Ki Nng t hem easier to apply as a conpegens2ak/oassedat i ng
conposition. [0063] The non-ionic dispersing polyols containing

pol yet hyl ene oxi de (PEO side chain containing conpound(s) allows the

I ncorporation of pendant and/or term nal polyethylene oxide into the

prepol yner backbone. It shoul d be pdlﬂéglout t hat side chain incorporation
of the polyethyl ene oxide noiety differs”frommain chain incorporation in
that main chain incorporation of the polyethylene oxide noiety involves
both term nal s pol yet hyl ene oxide segnment being incorporated into the
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[0066] The polyester polyols typically are esterification products prepared by
the reaction of organic polycarboxylic acids or their anhydrides with a
stoichiometric excess of a diol. Examples of suitable polyols for use in the
reaction include but are not limited to poly(glycol adipate)s, poly(ethylene
terephthalate) polyols, polycaprolactone polyols, orthophthalic polyols,
sulfonated and phosphonated polyols, and the like, and mixtures thereof.
[0067] The diols used in making the polyester polyols include but are not
limited to alkylene glycols, e.g., ethylene glycol, 1,2- and 1,3-propylene glycols,
1,2-, 1,3-, 1,4-, and 2,3-butylene glycols, hexane diols, neopentyl glycol,
1,6-hexanediol, 1,8-octanediol, and other glycols such as bisphenol-A,
cyclohexane diol, cyclohexane dimethanol (1,4-bis-hydroxymethylcycohexane),
2-methyl-1,3-propanediol, 2,2,4-trimethyl-1,3-pentanediol, diethylene glycol,
triethylene glycol, tetraethylene glycol, polyethylene glycol, dipropylene glycol,
polypropylene glycol, dibutylene glycol, polybutylene glycol, dimerate diol,
hydroxylated bisphenols, polyether glycols, halogenated diols, and the like, and
mixtures thereof.

[0068] Suitable carboxylic acids used in making the polyester polyols include
dicarboxylic acids and tricarboxylic acids and anhydrides, e.g., maleic acid,
maleic anhydride, succinic acid, glutaric acid, glutaric anhydride, adipic acid,
suberic acid, pimelic acid, azelaic acid, sebacic acid, chlorendic acid,



pol yet hyl ene glycol), can be incorporated into the urethane backbone as non
term nal pendant groups. In one aspect of invention the isocyanate-reactive
groups ( awoive/dlaydsogen at om cont ai ni ng noi ety) in suchpPcomgsees@ssas e

hydr oxyl groups so that the conmpounds enpl oyed are polyols with pendant PEO
side chains. In another aspect of the invention the isocyanate-reactive
conpound is a diol with pendant PEO side chains. The polyols containing
pendant PEO si de chains are descri bed igGU.S. Pat ent No. 3, 905, 929
(incorporated herein by reference in it§ entirety). Further, U S. Patent

No. 5,700,867 (incorporated herein by reference inits entirety) teaches
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line 35 tolddt-butane-irigarbpxyliaasighibthdligiacicss e isrmersmf aihthalig asid.y (et hyl ene

vai | bl e g Bnydde, R e SHRBAC TP AR S8 S et R peBa bR of
t he i nventlil@) andhaixturestheebf.non-i oni ¢ water dispersability polyols that

are enpl oy n range from apout., & o about 40 wei ght percent of the total
pr epol ymarfog@%goné'ﬁto eiﬁ?pﬁ%ﬁgﬁ fRYSHION RRIVestar divls wskidewnqlyortangdiol

. : ai tho _ . ¢ T _ ; | foth
Conbi nal| fgphid), hAEHEE! apiiRis b Ss GNAH A REH. 2581 xR e e
wei ght per adipateoisophihataie plolymségro hgxaare diohgeommt%r@wcbléadipic!aniobp@l%/ﬁaaect ,

f 1 i gh t t 1 1t rcent i n another
Sepect 1 0B8R eia. BiatenbBr CERh ABaTFR o MRt B othane:S 108Gt ¢ e
type, COMbHRAL ia@véiNgs BRapYEnglyHal kIt §ﬁ)§{y%ﬁi'a'§|é;)diyicﬁée&fan’gglg?ék%gﬂé‘at can

be utilized in the present invention wll depen nt nee ed_to
achi eve a &gt.driothanecsil 0pe Ridnarchtiexare dies neepentybgigcdlifemadt acite f i nal

R YL SR R T NV

and Low Mopsigedtar didhd mielude PboSe marketed under the Desmophen® brand name
(Bayer Corporation).
[0070] Polyether diols may be substituted in whole or in part for the polyester
diols. Polyether polyols are obtained in known manner by the reaction of (A)
the starting compounds that contain reactive hydrogen atoms, such as water or
the diols set forth for preparing the polyester polyols, and (B) alkylene oxides,
such as ethylene oxide, propylene oxide, butylene oxide, styrene oxide,
tetrahydrofuran, epichlorohydrin, and the like, and mixtures thereof.
Representative polyethers include poly(propylene glycol), polytetrahydrofuran,
and copolymers of poly(ethylene glycol) and poly(propylene glycof).
[0071] Polycarbonates include those obtained from the reaction of (A) diols
such 1,3-propanediol, 1,4-butanediol, 1,6-hexanediol, diethylene glycol,
triethylene glycol, tetraethylene glycol, and the like, and mixtures thereof with
(B) diarylcarbonates such as diphenylcarbonate or phosgene.
[0072] The aforementioned diols useful in making polyester polyols can also
be used as additional reactants to prepare the isocyanate terminated
prepolymer.
[0073] Instead of a long-chain polyol, a long-chain amine may also be used to
prepare the isocyanate-terminated prepolymer. Suitable long-chain amines
include polyester amides and polyamides, such as the predominantly linear
condensates obtained from reaction of (A) polybasic saturated and unsaturated



[ 0065] The prepolyners of the invention optionally can contain a polyol or
pol yam ne conponent sel ected from pol yester pol yols, polyether polyols,

pol ycar bomet2eoguabpel s, and m xtures thereof. These pol yecs/usymsoadosy do not
contain and pendant or side chain functionality. They can range widely in
nol ecul ar wei ght from about 50 to about 10,000 grans/nole in one aspect of
the invention, fromabout 200 to about 6,000 grans/nole in another aspect,
and from about 300 to about 3,000 granebqple in still a further aspect.

[ 0066] The pol yester polyols typically are esterification products prepared
by the reaction of organic polycarboxylic acids or their anhydrides with a
stoichionetric excess of a Tltable polyols for use in
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di ol , hydrox&2 ated bi sg)henol s, polyet her gl ycol s, hal ogenat ed di ol s, and
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gl utaric atRDA),disHsantineeyryshexyh-mathiapiecbieddamino-3- methyl -cyclohexyl)-
methane, 1,4-diaminocyclohexane, |,2-propylenediamine, hydrazine, urea, amino
acid hydrazides, hydrazides of semicarbazidocarboxylic acids, bis-hydrazides
and bis-semicarbazides, diethylene triamine, triethylene tetramine, tetraethylene
pentamine, pentaethylene hexamine, N,N,N-tris-(2-aminoethyl)amine,
N-(2-piperazinoethyl)-ethylene diamine, N,N'-bis-(2-aminoethyl)-piperazine,
N,N,N'-tris-(2-aminoethyl)ethylene diamine, N-[N-(2-aminoethyl)-2-aminoethyl]-
N'-(2-aminoethyl)-piperazine, N-(2-aminoethyl)-N'-(2-piperazinoethyl)-ethylene
diamine, N,N-bis-(2-aminoethyl)-N-(2-piperazinoethyl)amine,
N,N-bis-(2-piperazinoethyl)-amine, polyethylene imines, iminobispropylamine,
guanidine, melamine, N-(2-aminoethyl)-1,3-propane diamine,
3,3'-diaminobenzidine, 2,4,6-triaminopyrimidine, polyoxypropylene amines,
tetrapropylenepentamine, tripropylenetetramine, N,N-bis-(6-aminohexyl)amine,
N,N'-bis-(3-aminopropyl)ethylene diamine, and 2,4-bis-(4'-aminobenzyl)-aniline,
and the like, and mixtures thereof. Suitable commercially available diamines and
polyamines include Jeffamine® D-2000 and D-4000, which are amine-terminated
polypropylene glycols, differing only by molecular weight, and which are
available from Huntsman Chemical Company.
[0075] The low molecular weight diols can be selected from any of the diol
components used to make the optional polyol component. Suitable diols include
but are not limited to alkylene glycols, e.g., ethylene glycol, 1,2- and



suberic acid, pinelic acid, azelaic acid, sebacic acid, chlorendic

acid, 1, 2,4-butane-tricarboxylic acid, phthalic acid, the isoners of
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as oleic acid, and the like, and m xtures thereof. [0069] In one aspect of
the invention polyester diols include poly utanedi ol adipate); hexane di ol
adi pic acid and isophthalic acid polyesters such as hexane adi pate
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thereof with (B) diarylcarbonates such as di phenyl carbonate or phosgene.
[ 0072] The RefaotiegrBlilueotsed di ol s useful in nmaking pol yester polyols can al so
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prepared in the presence of at least one reactive diluent in order to substantially

or completely replace the high VOC prior art diluents such as NMP. Such
polyurethane dispersions prepared from these prepolymers are less hazardous,
have higher solids and produce articles having lower modulus and other
improved properties compared to articles made from dispersions prepared using
the prior art prepolymer diluents. Reactive diluents are liquid compounds that
have low volatilities with boiling points of no less than 110°C in one aspect of the
invention and no less that 150°C in another aspect, and which contain a
polymerizable, ethylenically unsaturated double bond. They lower the viscosity
of the prepolymer reaction medium, as well as increase the cure rate and
provide solvent and impact resistance to cured coatings versus non-reactive
plasticizers. In one aspect of the invention the reactive diluent contains at least
two or more polymerizable unsaturated double bonds. As free radicals are
generated by the decomposition of peroxides formed from the air oxidation of the
unsaturation contained in the pendant fatty acid groups supplied by the alkyds
on the polymer backbone or the allyl ether groups of allyl ether group containing
reactive diluents (if utilized), a curing reaction occurs between the generated free
radical species and the various ethylenically unsaturated double bonds
remaining in fatty acid/reactive diluent components. Since the reactive diluents



prepol yner. [0073] Instead of a long-chain polyol, a long-chain am ne nmay
al so be used to prepare the isocyanate-term nated prepolynmer. Suitable
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LII ani ne, P p¥3f8|0£&ﬁﬂﬁﬂ'géﬁwlla|aﬁ@ with higher polythiyddpaldatiol siegh psgmgqur opyl ene

ani nes, trl(meth)acrylate, trimethylolpropane triimeth)acrylate, trimethylolpropane
di(meth)acrylate, pentaerythritol triimeth)acrylate, pentaerythritol
tetra(meth)acrylate, ethoxylated trimethylolpropane triimeth)acrylate,
propoxylated glyceryl triimeth)acrylate, propoxylated trimethylolpropane
trilmeth)acrylate; multifunctional allyl ethers such as but not limited to diallyl
phthalate, diallyl carbonate, diallyl ether, diethyleneglycol diallyl ether, triethylene
glycol diallyl ether, tetraethylene glycol diallyl ether, propylene glycol diallyl ether,
propyleneglycol triallyl ether, neopentylglycol dially! ether,
1,1,1-trimethylolpropane diallyl ether, 1,2,3- triallyloxypropane,
trimethylolpropane triallyl ether, pentaerythritol triallyl ether, allyl sucrose,
triallylcyanurate, triallyl isocyanurate, allyl diglycol carbonates, diallyl maleate,
diallyl fumarate, triallyl trimellitate, diallyl amine, triallylamine, and triallyl citrate.
In addition to the forgoing reactive diluents, the reaction product of
pentaerythritol triallyl ether as well as trimethylolpropane diallyl ether with
organic mono-, di- and tri-carboxylic acids containing 2 to 22 carbon atoms can
be utilized as reactive diluents. The acids can be saturated or unsaturated. As
in the description above, the term "(meth)acrylate” refers to methacrylate and
acrylate compounds.
[0078] The unmodified natural drying oils such as but not limited to soybean,
linseed, and sunflower oils also can be utilized as reactive diluents. In carrying
out the invention mixtures of the above mention reactive diluents can be used.
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component and is water miscible. In one aspect of the invention the organic

solvent includes water miscible solvents such as ketone(s) and NMP. The

amount of organic solvent that is optionally added to the prepolymer reaction

medium should be low enough so that the VOC levels of the polyurethane

coating composition are within environmental standards. If employed, the

amount of organic solvent can range from about 1 to about 20 weight percent of

the total solvent (including reactive diluent) in the prepolymer formulation.

Plasticizers

[0081] Optionally at least one plasticizer can be introduced into the reaction
mixture at any time during or after prepolymer formation or to the polyurethane
during or after its manufacture. Plasticizers well known to the art can be
selected for use in this invention according to parameters such as compatibility
with the particular polyurethane and desired properties of the final coating
composition. For example, polyester plasticizers tend to be more compatible
with polyester-based polyurethanes. Plasticizers can be selected to impart
particular properties such as flame retardancy to the polyurethanes, or to
enhance particular properties such as wetting, emulsifying, conditioning, and UV
absorption in end-use personal care applications. The plasticizers typically are
used in amounts from about 2 weight percent to about 50 weight percent in one



pol ynmeri zabl e, ethylenically unsaturated double bond. They | ower the
viscosity of the prepolynmer reaction nmedium as well as increase the cure
rat e and woaveada7sel vent and i npact resistance to curedPCTAIS2NGH3ILYEF SUS
non-reactive plasticizers. In one aspect of the invention the reactive
di luent contains at |least two or nore polynerizabl e unsaturated double
bonds. As free radicals are generated by the deconposition of peroxides
formed fromthe air oxidation of the ungaturation contained in the pendant
fatty acid groups supplied by the al kydS on the pol yner backbone or the
allyl ether groups of allyl ether group containing reactive diluents (if
utilized), a curig&qfeactio occurs between the g;nerat d free radical
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pol yhydri c al cohols such as_glycerol tri(nmeth)acrylate, trinethylol propane
tri (et h) abeygcepe, of this iptenfios téabmwaaﬁlcamtanda@mnm olventrmandvs tilizedol
tri(meth)age AN ng )acryl ate, ethoxyl ated
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mul ti functional allyl ethers such as but not |imted tqg diallyl phthalate,
di al 1yl caPlogniaacidgppd aphydiides sueh as Rdikin agidy agelaif agifyperadieacid,

triethyl engic acid, dimer acids, fumaric acid, isobutyric acid, isophthalic acid, lauric acid,
linoleic acid, maleic acid, maleic anyhydride, melissic acid, myristic acid, oleic
acid, palmitic acid, phosphoric acid, phthalic acid, ricinoleic acid, sebacic acid,
stearic acid, succinic acid, 1,2-benzenedicarboxylic acid, and the like, and
mixtures thereof. Also suitable are epoxidized oils, glycerol derivatives, paraffin
derivatives, sulfonic acid derivatives, and the like, and mixtures thereof and with
the aforesaid derivatives. Specific examples of suitable plasticizers include but
are not limited to diethylhexyl adipate, heptyl nonyl adipate, diisodecyl adipate,
the adipic acid polyesters sold by Solutia as the Santicizer® series, dicapryl
adipate, dimethyl azelate, diethylene glycol dibenzoate aﬁd dipropylene glycol
dibenzoate (such as the K-Flex® esters from Noveon, Inc.), polyethylene glycol
dibenzoate, 2,2,4-trimethyl-1,3-pentanediol monoisobutyrate benzoate,
2,2 A-trimethyl-1,3-pentanediol diisobutyrate, methyl (or ethyl, or butyl) phthalyl
ethyl glycolate, triethyl citrate, dibutyl fumarate, 2,2,4-trimethyl-1,3-pentanediol
diisobutyrate, methyl laurate, methyl linoleate, di-n-butyl maleate, tricapryl
trimellitate, heptyl nonyl trimellitate, triisodecyl trimellitate, triisononyl! trimellitate,
isopropyl myristate, butyl oleate, methy! palmitate, tricresy! phosphate, dimethyl
phthalate, diethyl phthalate, dibutyl phthalate, diisobutyl phthalate,
di-2-ethylhexyl phthalate, octyl decyl phthalate, diisodecyl phthalate, heptyl nonyl



glycol diallyl ether, tetraethylene glycol diallyl ether, propylene glycol
diallyl ether, propyleneglycol triallyl ether, neopentyl glycol diallyl

et her, 1,Wo, 200/t hyl ol propane diallyl ether, 1,2, 3- tcralskylsossops opane,
trimethyl ol propane triallyl ether, pentaerythritol triallyl ether, allyl
sucrose, triallylcyanurate, triallyl isocyanurate, allyl diglycol
carbonates, diallyl nmaleate, diallyl fumarate, triallyl trinellitate,
diallyl amne, triallylamne, and triallyl citrate. In addition to the
forgoing reactive diluents, the reacti of product of pentaerythritol
triallyl ether as well as trlnethylolpropane diallyl ether with organic
nono-, di- and tri-carboxylic acids containing 2 to 22 carbon atons can be
utilized aphﬂmmneidmndébﬂqﬂﬂhﬁaﬁhdﬂadé@ﬂp@ﬂnﬂwm sinyoloheryl phthalaggt ur at ed.
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Optional Crosslinkable Functionality

[0083] In addition fo the crosslinkable alkyd groups built into the polymer
backbone optional self-crosslinkable groups can be built into the backbone
during prepolymer formation. The crosslinkability of the polyurethane dispersion
at ambient temperature can be enhanced by incorporating crosslinkable carbonyl
functionality into polymer backbone. Subsequent to chain extension the
carbonyl functionality in the polymer backbone can be reacted with a
polyhydrazide or a polyhydrazone crosslinking agent which is added to the
polyurethane dispersion. Upon drying and a concomitant drop in pH, coatings
prepared from the dispersion form crosslinks by reaction of the carbonyl groups
and the crosslinking agent via azomethine group formation.

[0084] Suitable polyhydrazides include but are not limited to the dihydrazides
of organic dicarboxylic acids specific examples being oxalic acid dihydrazide,
malonic acid dihydrazide, succinic acid dihydrazide, adipic acid dihydrazide,
sebacic acid dihydrazide, phthalic acid dihydrazide, terephthalic acid
dihydrazide, naphthalenedicarboxylic acid dihydrazide, 1,2-, 1,3-, and
1,4-cyclohexane dicarboxylic acid dihydrazide, azelaic acid dihydrazides; also
carbonic acid hydrazides, bis-semicarbazides, trihydrazides, dihydrazinoalkones



sol vent includes water m scible solvents such as ketone(s) and NVP. The
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groups per mole of carbony! functional groups present in on the polymer
backbone. In another embodiment of the invention the amount of hydrazide (or
hydrazones thereof) to carbonyl functionality can range from about 0.05 to about
0.9 moles. The crosslinking agent is not added to the composition until after
chain extension. The reaction between the carbonyl functionality and the
hydrazide or hydrazone crosslinking agent does not commence until water (and
volatile crosslinking agent) evaporates (with concomitant drop in pH) from the
applied coating composition during film formation. In the case of hydrazone
crosslinking agents, the drop in pH results in regeneration of the hydrazide with
the aldehyde or ketone also being removed by evaporation. Accordingly, in one
aspect of the invention the aldehyde and ketone used to form the hydrazone can
have a boiling point that readily permits volatilization at ambient temperatures.
[0087] As discussed above, carbonyl functionality can be introduced into the
polyurethane backbone during prepolymer formation. In one embodiment of the
invention, an isocyanate reactive carbonyl compound having at least one
isocyanate reactive moiety (active hydrogen atom) in one aspect, and at least
two isocyanate reactive moieties in another aspect, are reacted with the
polyisocyanate prepolymer component and become incorporated into the
prepolymer chain. Carbonyl containing compounds with only one isocyanate
reactive active hydrogen atom can be used if the urethane has been



alone or in conbination with the reactive diluent. [0082] Suitable

pl asticizers include but are not limted to ester derivatives of organic
aci ds andwvenhydurdes such as adi pic acid, azelaic acid, Poensees/ 038983,
citric acid, dinmer acids, fumaric acid, isobutyric acid, isophthalic acid,
lauric acid, linoleic acid, maleic acid, maleic anyhydride, nelissic acid,
nmyristic acid, oleic acid, palmtic acid, phosphoric acid, phthalic acid,
ricinoleic acid, sebacic acid, stearic ggld succi ni c acid,

1, 2- benzenedlcarboxyllc acid, and the Irke, and m xtures thereof. Also
SU|tabIe are epOX|d|zed 0|Is gl ycerol derivatives, paraffin derivatives,
sul fonic acid derlvatl and m xtures thereof, and with the
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succinic acid, glutaric acid, terephthallc acid, 2,6- naphthalenedlcarboxyllc acid
and dimerized linolenic acid are suitable. Exemplary ketocarboxylic acids are
pyruvic acid and levulinic acid.
[0088] Other suitable components are ketocarboxylates which are obtainable
by partial esterification of ketocarboxylic acids with polyalcohols or by partial
transesterification of ketocarboxylates with polyalcohols (partial esters). These
esters also have one or more, preferably two, hydroxyl groups. Partial esters,
such as pyruvates, acetoacetates, levulinates or mixtures thereof, whose alcohol
components are aliphatic polyalcohols, such as the diols ethylene glycol,
diethylene glycol or 1,6-hexanediol or the polyols glycerol, trimethylolpropane,
trimethylolethane, pentaerythritol or sorbitol, are suitable.
[0089] The amount of the crosslinkable carbonyl functional compound that
can be employed in the prepolymer can range from about 1 to about 30 weight
percent of the total amount of prepolymer components. The preparation of
carbonyl functional polymers is described in U.S. Patent No. 4,983,662 which is

incorporated herein by reference.



stearate, diethyl succinate, the butyl phenylnethyl ester of
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Prepolymer Formation
[0091] The prepolymers of the invention are formed as a reaction product of

(a) at least one organic polyisocyanate; (b) an isocyanate reactive oil modified
polyol component having olefinic unsaturation; (c) an isocyanate reactive
polymeric polyol component containing pendant anionic functional groups; (d) a
reactive diluent component containing at least two ethylenically unsaturated
double bonds: and optionally an isocyanate reactive component selected from
(e) a carbonyl functional component; (f) an anionic functional alcohol component
and salts thereof; (g) an alcohol component containing a polyalkyleneoxide side
chain; and mixtures thereof. In addition to the foregoing reactants at least one
of an isocyanate reactive component selected from (h) polyester polyols,
polyether polyols, polycarbonate polyols, and polyamines, and mixtures thereof
can be added to the reaction mixture. The prepolymer reactants are dissolved in
the reactive diluent and the reaction is allowed to proceed under substantially
anhydrous conditions at a temperature between about 45 and about 120°C until
reaction between the polyisocyanate and active hydrogen containing compounds
is substantially complete. It should be noted that the reaction temperature can
vary depending on the reactants utilized.

[0092] The formation of the isocyanate-terminated prepolymer may be

achieved without the use of a catalyst. However, if desired catalysts can be



[ 0085] A hydrazone (i.e., a hydrazide bl ocked with an al dehyde or ketone)
Is formed fromthe reaction of a hydrazide with an al dehyde or a ketone,
such as, wothau47i46m t ati on, fornmal dehyde, acetone and metrhysb@shysosket one.
Exenpl ary hydrazones are the hydrazones of the foregoing pol yhydrazi des set
forth above. [0086] If a polyhydrazide (or hydrazones thereof) crosslinking
agents are utilized in the coating conposition of the invention, they are
added at a level to sufficiently reactn§%th and crosslink the carbonyl
functionality on the pol yurethane pol yngr backbone. The pol yhydrazi de or
pol yhydr azone crosslinking agents can be used in an anount that provides
0.02 to 1.6 nol es drazi de or hydrazone groups per nole of carbonyl
functi onal uge@@gsgsés@wlwmerdﬁrma@orpoEyﬁmpletﬁa@mmle cafabysts ineludenbodi ment

car bonyl 1 SRETPBReRe ECtRlglin SMAbate st BAA ST TSIECEE Yo e

crossl i nki fiptaganiiné and dlis- aﬂmw@ntr{mtmﬁ@m%rtm@rphunhelcom;icﬁrnd@fwm
extension. The reaction between the carbonyl functionality and the

hydr azi de 8p fhddimasaeolinasiehyiaihag biyeuh ersbexviatescaimmdrieauiinti | wat er
(and vol at béﬁoo&g%%éé »fb'ﬂ MrAlSTR ?éqé"hwa%% abét%pén a{?{]dop in pH)

fromthe appl1éd codting 03|%|0n ur| ng orma e case of

hydr azone Dwm®®14d|atgabmm[2 2.2)betacked from Apnl—Prmﬂmkst lerdfomengxemeti'tamunn of
t he hydraz de or al so bei renpve

evapor at i ohggﬁét@%ﬂﬁoﬂgfjm %h@e A& & n'gfcomfﬂequ&?ﬁwaﬂﬁbwta%a@ﬁyde and
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I socyanate reacCtive noieties in anothei aspect, are reacted wth the
formation to control the viscosity. In one embodiment of the invention no organic
solvents are added.
[0094] An aqueous polyurethane dispersion can then be prepared by
neutralizing the pendant anionic groups (e.g., carboxylic), dispersing the
neutralized isocyanate-terminated urethane prepolymer (optionally carried in an
organic solvent medium) in an aqueous medium by techniques well known in the
art and then chain extending the prepolymer with active hydrogen-containing
chain extender in the aqueous phase.
[0095] Neutralization of the prepolymer with pendant anionic (e.g., carboxyl)
groups converts the pendant carboxyl groups to carboxylate anions, enhancing
the water-dispersability of the prepolymer and the chain extended urethane
polymer. Anionic group neutralization can occur before or when the prepolymer
is added to water (i.e. neutralizing agent in the water phase when the
unneutralized prepolymer is added. Moreover, one can use combinations of pre-
neutralization of the prepolymer along with using additional neutralizing agents in
the water phase. [f the polymer contains sufficient nonionic (steric) stabilization,
neutralization of anionic groups can occur before or after the prepolymer is chain
extended. The prepolymer can be added to the water with agitation or water can
be added to the prepolymer. Suitable neutralizing agents include but are not
limited to tertiary amines, alkai metal hydroxides (e.g., sodium and potassium),



pol yi socyanat e prepol ymer conponent and becone incorporated into the

prepol ynmer chain. Carbonyl containing conpounds with only one isocyanate
reacti ve wotzoas4mpadr ogen at om can be used i f the uret hameTh®2005/038983
beenconpensatingly branched with a triisocyanate prepol yner conponent.
Exanpl es of such conmpounds are di hydroxy ketones such as, for exanple,

di hydroxyacet one and the adduct obtained by a M chael -addition reaction of
di acet oneacryl anmi de with a dianmi ne or agyal kanol am ne. Adducts of

di epoxi des and ket ocarboxylic acids are al so suitable. Exenplary diepoxides
are glycidyl ethers of bisphenols, such as

2 4 " ny PEIRHE RN, PROSINSS. (IR GIRL 20Be e kaawa iR those skilled

1, 1-bis- 4 | phenyl) -
or opan, bt Ly 0y AN BA HITES e R e T S A Bne.

Di gl yci dyl etritamoiamine ((INIA), |M-na&tb§olhnbmhq1me m@ﬂpﬁ ke, @indenixjurea dherlepéol |

di et hyl ene col, .Me | ene coI 1, 2- ro ene col r.o anedlol
1 5 pant andh rcooniAStBas By SEfucontsrBEREYS FF SRS InAegs Rl hropane, |
are al so Stérhafkylaﬁmdets ifshéy are wﬁé"ehmehme@&t&a%mqm@wbnﬁgthmefcham

di carboxylic acids such as oxalic acid, succinic acid, glufaric acid

t er epht hal exteasion precessapht hal enedi car boxyl i ¢ aci d and di merized |inolenic

Cevul i c B9 [ o SRR e iRl 8 B et e oAb R e 26 whi o
are obt ai nFm;ﬁ)l;hMep@f in @ aksinativé eatdodanent it kedyosaahexdy present isthel th
pol yal cohols or b artial transesterification of ketocarboxylates with

pol yal cohoPEUEIs meéﬁuu'@s/v@rswe preegymestie pddad PHOR R dispAesien.” Hhany,
preferably fg&?n QWFR%%'prgéé’MHﬁ th{afsgla?ét%ﬁ‘ﬁ% Séﬁbe%%v@ﬁboﬁégh‘% nent s

acet oacet a evu I hat'es or whose a

are al i phatosvarional a@avlsknosuncin ths attheuch ab sfoeelxphmpie gyl gistilatiodi et hyl ene
gl ycol or tri met hyl ol propane,

trimet hyl ot«ma?aﬁéar”@é%ﬁ%m?e;@%#q%r&%nﬁfe' %gé%fﬂg‘?o%avaéeé @n iggrganic o
organic polyamine having an average of about 2 or more primary and/or
secondary amine groups, polyalcohols, ureas, or combinations thereof. Suitable
organic amines for use as a chain extender include but not limited to diethylene
triamine (DETA), ethylene diamine (EDA), meta-xylylenediamine (MXDA),
aminoethyl ethanolamine (AEEA), 2-methyl pentane diamine, and the like, and
mixtures thereof. Also suitable for practice in the present invention are
propylene diamine, butylene diamine, hexamethylene diamine, cyclohexylene
diamine, phenylene diamine, tolylene diamine, 3,3-dichlorobenzidene,
4,4'-methylene-bis-(2-chloroaniline), 3,3-dichloro-4,4-diamino diphenylmethane,
sulfonated primary and/or secondary amines, and the like, and mixtures thereof.
Suitable inorganic amines include but are not limited to hydrazine, substituted
hydrazines, and hydrazine reaction products (e.g., hydrazides), and the like, and
mixtures thereof. The amount of chain extender typically ranges from about 0.5

to about 0.95 equivalents based on available isocyanate.

Other Additives

[0098] Neutralization agents can optionally be employed in the dispersions of
the invention and the coating compositions prepared from such dispersions. The

pH of the compositions can range from about 7 to about 10. Suitable



[0089] The ampunt of the crosslinkable carbonyl functional conpound that
can be enployed in the prepolymer can range from about 1 to about 30 wei ght
percent oWVothe/i4ot4al anmount of prepol ynmer conponents. TiReTarSe@anadssodn of
carbonyl functional polyners is described in U S. Patent No. 4,983, 662
which is incorporated herein by reference. Prepol yner Rati os of |socvanate
to Active Hydrogen [0090] The pol yi socyanate prepol ynmer conponent is

enpl oyed in a stoichionetric excess to gge active hydrogen conponents
utilized in the formation of the isocyanate term nated prepol yner
conmponent. The stoichionetric ratio of isocyanate to active hydrogen

t ai ni ! I n.an a nt, t.hat .ensures .that the forned
pr opol yrer M QTR EEReh AR frole BuCita e WBist S aAlE v K88 hurt Gsy anat e <o
active hydligen, sevitmeamtt poRsYivR, dntPbrgahlybdseRafiehl dPaMmARMIA ahd3Ibhiahp
about 2.5/1 in one aspect of the invention, fromabout 1.5/1 to about” 2.1/1

i n anot her aB¥RECSUChHAR trietbanclpate, mminemethydpsopangl1dimetbyl ethanairarise,

t. P ' . 2 D, the invention are
formed as STl fPamie, FehoBmie Ao h B E SERBIARES titreemnol vi cocyanat e
(b) an iso[mmateAeaisbwsecbabom@irﬁhg@g@ﬂtsly@ﬂe Systiameil @Hldba\td)'ﬂﬁb ol tefl nic

t tion; ). ' 1ate reactive pol yneric polyol conponen
Gont ai i ngCHBRARHEN 2% R1a SHAHIE PORPNE s 48 PeEsnLA Ked nsarafianiaribe
conponent E?I?Fn@r'?ﬂa’&ﬂb@ﬁe Kt%aa%tsistt‘ﬂ‘i’ P@F&Ydeegé&%h?siﬂgﬁ% ﬁ%gtrggicgpﬁ%c?esgpn%;
and optionall'y an isocyanate reactive conponent sel ecte romf{e) a
car bonyl f Boitablerhyingagembs mcjude hutare avot imitedfto polyvaiteait salts ebataisingponent

d lts t f:. | cohol onent caontai ning a pol yal kyl eneoxi de
o1 de” chai rneo5hle ekl e8P hdle B6r ron RGBT BOIBARGRNTRs RIS Rt Bact ant 5. at

si de chai n;

ol yol o pol D e, B e B o R bt and

m xt ures taegteatetonates as the anion component of the salt. In one aspect of the
invention, the amount of drying agent used is in the range from 0 to 3% metal
content by weight of the composition. In another aspect, the amount of drying
agent employed can range from 0 to 1%.
[0100] Other additives well known to those skilled in the art can be used to
aid in preparation of the dispersions of this invention. Such additives include
surfactants, stabilizers, defoamers, thickeners, leveling agents, antimicrobial
agents, antioxidants, UV absorbers, fire retardants, pigments, dyes, and the like.
These additives can be added at any stage of the manufacturing process.
[0101] The dispersions of this invention typically have total solids of at least
about 20 weight percent in one aspect, at least about 30 weight percent in
another aspect, and at least about 40 weight percent in a further aspect, and
about 45 weight percent in still another aspect, based on the weight of the total
coating composition.
[0102] The aqueous dispersions of the invention can be employed as coating
compositions, for which purpose they may be further diluted with water and/or
organic solvents, or they may be supplied in more concentrated form by
evaporation of water and/or organic components of the liquid medium. As
coating compositions, they may be applied to any substrate including wood,
metals, glass, cloth, leather, paper, plastics, foam and the like, by any



can be added to the reaction m xture. The prepol yner reactants are

di ssolved in the reactive diluent and the reaction is allowed to proceed
under subsoOandd/elit4g anhydrous conditions at a tenperatureThstawsesssabout 45
and about 1200C until reaction between the polyisocyanate and active

hydr ogen contai ni ng conpounds is substantially conplete. It should be noted
that the reaction tenperature can vary depending on the reactants utilized.
[0092] The formation of the isocyanate-ggrm nated prepolynmer nmay be

achi eved without the use of a catalyst. wever, if desired catal ysts can
beused to assist prepolynmer formation. Exanples of suitable catalysts

i ncl ude stannous. octoate,  diputyl tin.dilaurate, and tertiary amn
conpounds. SaRYPTIONa et Betiine hishing. e e Rl iprgiad fard the

nmor phol i nejjg@npounds such as b, b' -di nor phol i nodi et hyl ether, bisnuth

carboxyl ates, zinc_bisnmuth car bosja;l ates, iron (Ill) chloride, potassium
octoate, pHH3i unthetollawing examplaB@Ere Presentad awi thequspeseobijlustrating , from

Al r Produc}s, ;. Zireoni i tani. unds al,so_can be utilized. A
conmer oi ai 1 BEFFADEEloRed st i R R e N B s R ol o ok

2- et hyl hexgnigé eonstrgecrad liglitiyiesinsh st Bereld Paky mabhee hemdserdtheiViss i ca.
The anmount of catalyst used is typically fromabout 5 to about 200 parts
per nil i ofPesifiethall patigaregivgm byowejdpol yner reactants. [0093] An organic
sol vent optionally can be added before or after prepolymer formation to
control the viscosity. In one enbodinent of the invention no organic

sol vent s aCheeaticld Lift0094] An aqueous pol yuret hane di spersion can then be
prepared by newralizing the pendant anjgni¢c groups (e.g., carboxylic),

di sper si ng?-s@ﬁéolgné@? AIN3RgenNassRARe: ‘@t?M"F@H%(géHY@EJeQQ?&\%éFOﬁ? EfNORGS
(optionall ¥ éﬁ%ﬁ%%qnb” an organi c solvent nedium in an aqueous mnedi um by
t echni ques ae " known in the art and then chain extending the prepol yner
wi t h act i vBMBA ~odjeretindolpedpionig adtichi n ext ender in the agueous phase.

Epon® 825 = bisphenol A diglycidyl ether from Resolution Performance Products

(Hexion Specialty Chemicals, Inc.)

Erisys® GE-22 = cyclohexanedimethanol diglycidyl ether from CVC Chemicals
Inc.

Erisys® GE-23 = polypropylene glycol diglycidyl ether from CVC Chemicals Inc.
IPA = isopropyl alcohol

IPDI = isophorone diisocyanate

Lexorex® 1405-65 = carboxyl functional polymeric polyester polyol (OH No. 62.9)
from Inolex Chemical Company

Paintable Dry Film Mold Release = contains hexafluoropropylene epoxide from
IMS Company

Pamolyn® 380 = synthetically conjugated linoleic acid from Eastman Chemical
Company

Piothane® S-500 = modified natural oil based polyol (OH No. 194.3) from
Panolam Industries International, Inc. Corporation

Pirfac™ 5981 = dehydrated castor oil fatty acid from Unigema (ICI Group of
Companies)

MPEG 750 = methoxypolyethylene glycol (OH No. 74.8)

Mylar® = polyester film from E.l. DuPont De Nemours and Company

NMP = N-methylpyrrolidone



[ 0095] Neutralization of the prepolyner with pendant anionic (e.qg.,
carboxyl) groups converts the pendant carboxyl groups to carboxyl ate

ani ons, ewban@i/0agr4she wat er-di spersability of the prepolpgmars2@s@3gobe chai n
ext ended urethane pol ynmer. Anionic group neutralization can occur before or
when the prepolynmer is added to water (i.e. neutralizing agent in the water
phase when the unneutralized prepolyner is added. Mbreover, one can use
conbi nati ons of preneutralization of t prepol yner al ong with using
addi ti onal neutralizing agents in the Water phase. |If the polyner contains
sufficient nonionic (steric) stabilization, neutralization of anionic
groups can occur before or after the prepolymer is chain ext&nded. The

pr epol ynmegRa64 =hethaxglatbd(d) trimethgolpropanatriggrylais fiemoraniiper CeaPaNy added
to the pre

l alvavean! teal i 2] i ncl ude but t limted
(5 voreSHSRHT TR OHBIRANPING "ol ang™ e 7 11

otassi u 0} boepaseddelebbeagagent s wel | known to
P W?W'té{lﬁﬂfwéé’chgﬁﬁe flRlbpsdtboe Has geq

t hose sk e art. Suitable tertiary an nes iqcl U(;tlﬁ tfriethyl am ne
(TEA), di TegomereDBAO Fdnmeshy| OREmaneNTPBPRTIOX AN he | i ke, and
m xtures {hereof I(ﬁ ihs .rfacogni zed that primary or secondary am nes may be
used in p §9Es$R-Goldsg &?'9 amnes, if they are sufficiently hindered to

avoi d i ntegkes ieﬂﬁa%‘d?d?fu?ehﬁ chai n extension process. [0096] The chain
extender can be added to the aqueous di spersion of prepolyner or in an
al t er nat i VMRrtioaetvfelprapargy be al ready present in the aqueous medi um when

t he prepo oL I to dispersion. |If any organic solvent is
pr esent ikﬁﬁétrmﬁ%gfgﬁ%ﬁgdlﬁécan be renoved, if desired, by conventi onal
means known in the art, such as, for exanple, by distillation. [0097] The

chai n extender can be selected fromwater, an inorganic or organic
pol yanmi neExamplg tain average of about 2 or nore primary and/or secondary

or gani ¢ ol A i o G e, byt ot 1111 (o {0

di et hyl engomponents 1 to 3 set forth in the table below in a 4 neck flask equipped with a
thermometer, overhead stirrer and nitrogen gas inlet. With stirring and under a
nitrogen blanket, the temperature of the reaction mixture is raised to 100°C to
103°C and held at this temperature for 1 hour. The temperature is then raised to
110°C to 114°C and held there for an additional hour. Finally, the reaction
mixture is raised to 121°C to 125°C and held at this temperature for 2 hours or
until the acid number was <1.0 (mg/g). The fatty acid diol product has an amber
color and a Brookfield viscosity of approximately 610 cps at 23°C (20 rpm, No 3

spindle) and an OH number of 118.2.

Component Material Parts

1 Erisys® GE-23 164.0

2 Pamolyn® 380 235.2

3 TPP 3.0
Example 2

[0105] An alkyd/unsaturated oil functional diol is prepared by combining
components 1 to 3 of the ingredients set forth in the table below in a 4 neck flask

equipped with a thermometer, overhead stirrer and nitrogen gas inlet. With



triam ne (DETA), ethylene diam ne (EDA), neta-xylylenediam ne (MXDA),

am noet hyl et hanol am ne (AEEA), 2-nethyl pentane diam ne, and the |ike, and
m xt ur es wben@aoi47746l so suitable for practice in the pre®emus2vsmsBON are
propyl ene di am ne, butyl ene di am ne, hexanet hyl ene di am ne, cycl ohexyl ene
di am ne, phenyl ene di am ne, tolylene diam ne, 3,3-dichlorobenzi dene,

4, 4" - met hyl ene-bi s-(2-chloroaniline), 3,3-dichloro-4,4-diam no

di phenyl net hane, sul fonated prinmary angyqor secondary am nes, and the I|ike,
and m xtures thereof. Suitable inorganic am nes include but are not limted
to hydrazine substituted hydrazines, and hydrazine reaction products

(e.q. ydr.azi des The anpunt .of chain

i Sner” SHRREAR updREa oitodsn SRR H8 PSRl & 168 reaktb0 TBHIE Rascd on

avai | abl eraﬁeaxaﬂ@bec tEMINBP C AR RdIy es iR ei\é@uﬁer@knzraiurorrh@gents can
optional Iy be enployed in the dlsper5|ons 0 he invention and the coating

conposi t i demppraipeg Bdhen saiseddn 1405340 4i1dHs GWHEI@I@hQﬁB ferhan eddiliesat i ons can

e not 1 ecbed A hefEReion et b BB BRI AR A aet un

and or ganitémpasstaresie!2 [sure oruntipthargtid auivibar waRNE Negnii§) Hise fatty acid
tri et hanol am ne, am nonet % propanol , _di net hyl ethanol am ne, trinethyl

ani ne, trld&lwp@wtﬁ@w pRwEEr selor and avBraalfield yiseowibrof arpuoymately dild8ussed
above, t [ ion as a

crossli nk uga(gpq? % 30%@%?“%& égur?\ljs?ﬁ %’?mnél n the pol yner
backbone (to aSSISt i n peroxide deconposition to free radical species).

Sui tabl e drying ageptsinclude but _are not limted to polyvalent salts
contai ni ng cobal t, QQP’&H%%“tcopperMai‘?ﬁ'ﬁ! iron, zi r coRRG® and manganese as
the cation conmponefy—and harides, ?hgysa%xgg,_ >F Ul phatesygAget at es,

napt henat es or acejoacetonates as € anion _conponent of 'the salt. In one
aspect of the invehRion, the anouhPrifsfc d598hg agent USE8I4i s|in the range
fromO to 3% net al 3 5P X

Example 3

[0106] A ketone functional diol is prepared by combining components 1 to 3
of the set forth in the table below in a 4 neck flask equipped with a thermometer,
overhead stirrer and nitrogen gas inlet. With stirring and under a nitrogen
blanket, the temperature of the reaction mixture is raised to 100°C to 103°C and
held at this temperature for 1 hour. The temperature is then raised to 110°C to
114°C and held there for an additional hour. Finally the reaction mixture is
raised to 121°C to 125°C and held at this temperature for 2 hours or until the
acid number is <1.0 (mg/g). The ketone diol product has a slight amber color
and a Brookfield viscosity of approximately 2200 cps at 70°C (20 rpm, No. 4
spindle) and an OH number of 190.8.

Component | Material Parts
1 Epon® 825 245.6
2 Levulinic Acid 158.6
3 TPP 3.1




content by weight of the conposition. In another aspect, the amount of
dryi ng agent enployed can range fromO to 1% [0100] Other additives well
known to wbase/mkidl ed in the art can be used to ai d i nppTapasEnssss of t he
di spersions of this invention. Such additives include surfactants,
stabilizers, defoamers, thickeners, |eveling agents, antim crobial agents,
antioxi dants, UV absorbers, fire retardants, pignments, dyes, and the |iKke.
These additives can be added at any stagge of the manufacturing process.
[0101] The dispersions of this invention typically have total solids of at
| east about 20 wei ght percent in one aspect, at |east about 30 wei ght
percent in_another aspect, and at |east about 40 wei ght percent in a
further a@@dﬂpea‘hd about 45 wei ght percent in still another aspect, based
on the wei T

i sper si g TOFF na Hebifter 0 Blargel BIRRRINAD e o £ Tanefifetionts

whi ch pur phxma/vtahég (Mqabtbnéck flag eqlmlppeéwlma thesatoenetan dverheadystirrer

of vater 2089 Didtaig ediinue of fhe BRGT Airt e i ranad otk GAT X "
conposi ti g, hélB%YtH@YerhEeﬁ’a‘?@ﬂé fod 2%@@& ﬁHtﬂ%é%@oﬂeﬂeéHdcm@/ow%chaat al's,

gl ass, cloth, |eather, paper, plastics, foam and by
anyconventasdndicatmt tmotitraw atia rsgwailrwmlag Aftirphe iﬁtﬁt stagmsmmnmlam thepr ayi ng,

and the like. 103 oII ar.e res d,for pur pose
of i 11 ust rarPREPERS Mo A e r B BIPHET el eREGRED 0 otk A8 RlEver
the eX&WD'tﬁété’rhﬁem&retlﬁblb%rcmhéﬂ'P@ sur iofubhtingebPgticanNeT y.aadier ei n i n
any manner. Unless otherw se specified all parts are given by weight.

Cheni cal s reachecapinstieated by titeationrnf aneall Bameie.cat al yti ¢ al kyd dryi ng agent
fromEl enentis Specialties Inc.

Component | Material Parts
1 Unsaturated oil functional diol | 6.57
(product of Example 1)

2 Piothane® S-500 26.22
3 NMP 6.04
4 SR507 7.30
5 IPDI 31.78

6 MPEG 750 4.21
7 TMP 0.67
8 Lexorez® 1405-65 1717

[0108] A polyurethane dispersion is prepared by neutralizing the above
prepolymer with 27.8 parts of triethylamine at 60°C to 64°C and dispersing the
neutralized prepolymer in water while maintaining the water/dispersion
temperature below 28°C. The dispersed prepolymer is extended with hydrazine
to give a 52.1% solids polyurethane dispersion with low sediment, a viscosity of
410 cps (at 25° C) at a pH of 7.5.

Example §
[0109] A prepolymer is prepared by combining reactants 1 to 6 of the
ingredients below at 60°C to a 4 neck flask equipped with a thermometer,



DMPA = di net hyl ol propi onic acid Epon(r) 825 = bisphenol A diglycidyl ether
from Resol ution Performance Products (Hexion Specialty Chemcals, Inc.)

Eri sys(r)wOBe@d47746ycl ohexanedi met hanol di gl yci dyl et hercirruseooseessghemn cal s
Inc. Erisys(r) GE-23 = polypropyl ene glycol diglycidyl ether from CVC

Chem cals Inc. | PA = isopropyl alcohol IPD = isophorone diisocyanate
Lexorex(r) 1405-65 = carboxyl functional polyneric polyester polyol (OH No.
62.9) from I nol ex Chem cal Conpany Pai r_l%g_bl e Dry Film Ml d Rel ease =

cont ai ns hexaf | uoropropyl ene epoxi de from | M5 Conpany Panolyn(r) 380
synthetically conjugated linoleic acid from East man Chem cal Conpany
Pi ot hane(r) S-500 = nodified natural oil based fpoI yol (OH No. 194.3) from
Panol am | nex&head stirat apchaes dmgl., Thedempsraivieefitha Teastiocmixiyresig gaised

dehydr at bd i f ' | ; a1 MPEG
oyt e ool 01 ol o GRS | iy o)
f:ﬁm Ei I : mmd( 5 Eus _Eb@d@ﬂimgt s mdwadedtbtyrmmyonl:‘dPa%nhblhmmplepyAﬁtm tggdmet%@e‘rs%;?

et hoxy! at e; [ ol propane_triacr e m oner n =
trial Iyw c'y"a?r%"ﬂ@?@n%%ém& WYRls %WQ@}Q 5%%8}0 Eﬁgé_ﬁnéffﬁae %}‘P ene

f | uor ocar bf@; apé‘éﬁgﬁcg/ %h@@ﬁé’;él??@ﬁatﬂ]%%’éﬁrthér"e)fopgﬁ%ﬁgr‘1?5 h&BsOH (Htfpr opane

nonoet hoxyl at e net et he om Degussa- Gol dsc t THF = tetrahydrofuran
theoretical NCO% is reached as indicated by titration of a small sample.

Component | Material Parts
1 Ketone functional diol 4.40
(product of Example 3)
2 Piothane® S-500 26.56
3 NMP 5.28
4 Benzyl benzoate 3.96
5 SR454 3.96
6 IPDI 34.89
7 MPEG 750 4.39
8 TMP 0.79
9 DMPA 0.78
10 Lexorez® 1405-65 15.00

[0110] A polyurethane dispersion is prepared by neutralizing the above
prepolymer with 36.7 parts of triethylamine at 60°C to 64°C and dispersing the
neutralized prepolymer in water while maintaining the water/dispersion
temperature below 28°C. The dispersed prepolymer is extended with hydrazine
to give a 48% solids polyurethane dispersion with low sediment, a viscosity of
540 cps (at 25°C) at a pH of 7.8. To this dispersion adipic acid dihydrazide
(ADH) is added to allow self-crosslinking between carbonyl/ketone groups in

incorporated into the polymer via the carbonyl/ketone functional diol.



TWMP = trimethyl ol propane TPP = triphenyl phosphi ne Exanple 1 [0104] An

al kyd/ unsaturated oil functional diol is prepared by conbi ning conponents 1
to 3 set wonbis/dsmashe tabl e below in a 4 neck flask equipppac2eisibsoas

t hernoneter, overhead stirrer and nitrogen gas inlet. Wth stirring and
under a nitrogen bl anket, the tenperature of the reaction m xture is raised
to 1000C to 1030C and held at this tenperature for 1 hour. The tenperature
is then raised to 1100C to 1140C and hghd there for an additional hour.
Finally, the reaction mxture is raised to 121 0C to 125C and held at this
tenperature for 2 hours or until the acid nunber was <1.0 (ng/g). The fatty
acid diol pro ElCt has an anber col or and a Brookfield viscosity of

appr oxi na cps at 23C (20 rpm No 3 spindle) and an OH nunber of
118.2. Ex A%&Eﬂn Mer & HEPB %ﬁrnmn iconfpomehtonahrotyRle bfth
prepared Dy conbining c rrpg)neﬂrfllzégél toy Q I ngredi ents se? fOI’theI n the

t abl e bel mredleatmbﬂemkaﬁﬁ(ﬁwoa]é|rm@bdlaﬁktelqumpteldewlrﬂmaéh@rrm0memfhead stirrer
d t let. Wths t {
Fenper at upeBTEeRkaME Al U et T eBRPAOEEor Dot BB e el o o

this tenpes gpuc ¢o b8rC hndgidld airﬂﬁs tip&radlrer for thdu|i*§6r UAiIIZRE theorbliesl to 114C
and held there for an additional hour. Finally the reaction mxture is

rai sed t oNGQY%was seacwd amtndicated by titnation ol apwunall sampleor Aleigerfgsor unt i |

the acid er < / T t has an amber
col or andggé%r'go%?%?gl‘vlggé@fe ytur Bgﬂa%ﬁox &%aﬁ?gqé{,&z&g@%bdwc (20 rpm
No. 3 spi edhponant!7as afited antehie mperatére r@«ammére far {aﬁdma} 156 Ketsre
functional diol is prepared by conbi ning conponents 1 3 of the set forth

in the tabnd! thepeaticahNey Qoikakreachsr asgidissées y titration ﬁ’éa mﬁékﬁmp e.

Component | Material Parts
1 Unsaturated oil functional | 6.60
diol (product of Example 2)
2 Piothane® S-500 26.37
3 Tegomer® D3403 3.78
4 NMP 4.97
5 SR454 9.10
6 IPDI 31.0
7 Lexorez® 1405-65 18.18

[0112] A polyurethane dispersion is prepared by neutralizing the above
prepolymer with 11.9 parts of triethylamine at 60°C to 64°C and dispersing the
neutralized prepolymer in water while maintaining the water/dispersion
temperature below 28°C. The dispersed prepolymer is extended with hydrazine
to give a 51.5% solids polyurethane dispersion with low sediment, a Brookfield
viscosity of 420 cps at 25°C (20 rpm, No. 3 spindle) at a pH of 7.3.

Example 7

[0113] A prepolymer is prepared by combining components 1 through 7 of the
ingredients below at 60°C to a 4 neck flask equipped with a thermometer,
overhead stirrer and gas inlet. The temperature of the reaction mixture is raised



overhead stirrer and nitrogen gas inlet. Wth stirring and under a nitrogen
bl anket, the tenperature of the reaction mxture is raised to 100C to 103C
and hel d w0 2éwmm714enperature for 1 hour. The tenperat ur ecirastévsmnssvas sed to
1100C to 114C and held there for an additional hour. Finally the reaction

m xture is raised to 121 0C to 1250C and held at this tenperature for 2
hours or until the acid nunber is < 1.0 (ng/g). The ketone diol product has
a slight anber color and a Brookfield \ﬂ scosity of approximately 2200 cps
at 700C (20 rpm No. 4 spindle) and an 84 nunber of 190. 8. Exanple 4 [0107]
A prepolymer is prepared by conbi n| ng |tems 1 to 5 of the ingredients bel ow
at 600C to a_4 neck flask UI pped a thernoneter, ogverhead stirrer and

gas i nl et 1o PReCite epéirlﬂ'ée fatt“Pié t?'@ﬁ@fﬁtBW for 2t hipuss jos upiil thedheerelisalc o 97C
and hel d gjcobi Wa%?gB@ﬂé’d HE GhdiQted bpqwa%oﬂrqf%mhp%Qﬁgg@eﬂﬁswm.rs{\'w% s
e y titratiron o

reached as I ndi cat I e first stage
i s conpl etstagehis connpleteather temperatues isaithenstdiasted tGZQGCtto 742C amaldtera @cisant s 6

to 8 dde t f ther 1.5 h
Lneor ot | cANIREHIAE PBREFRUS bR e {05 SPBYHT 1 HoHEH S GolEACaarp o

[0108] A pat®us %aaescwb&aerm@aewbyﬁrt@%hqﬁ Psmapubipidzi ng the above
prepolymer with 27.8 parts of triethylamne at 600C 64C and di spersing

the neutralized prepol yrrer |n wat er Whl | e msu nt ai ni ng the wat er / di sper si on

terrper at ure beleaw280€: -spersed—pt cpun S ALL faded wi t h hydrazi ne
to give a 52. 1/b F?(Eﬂ»enﬁo W ﬂane di sper si on P?'ﬁ f efli nent, a
viscosity of 419 cps (al PBnGatdhted dfuREtiohar- [FX8BPT € S lleg] A
prepol yner is prepared by|conbining reactants 1 to 6 of the ingredients
bel ow at 60C tb a 4 neck fdigblpreductmidkanple 2a |t her monet er | over head stirrer
and gas inl et. —Fthe—tenperaitre—ofthe-reacttonn re—+s—aised to 950C to
97C and hel d af 2t hi s temaFﬁtfﬂﬁ%e@g:g%O hours or %ﬁ;?’? the theoreti cal

3 Tegomer® D3403 3.79

4 NMP 4.96

5 SR454 453

6 Benzyl benzoate 4.53

7 IPDI 31.13

8 Lexorez® 1405-65 18.15

[0114] A ponurethanAe dispersion is prepared by neutralizing the above
prepolymer with 16.7 parts of triethylamine at 60°C to 64°C and dispersing the
neutralized prepolymer in water while maintaining the water/dispersion
temperature below 28°C. The dispersed prepolymer was extended with
hydrazine to give a 50.1% solids polyurethane dispersion with low sediment, a
Brookfield viscosity of 1200 cps at 25°C (20 rpm, No. 3 spindle) at a pH of 7.4.

Example 8

[0115] A prepolymer is prepared by combining components 1 to 6 below at
60°C to a 4 neck flask equipped with a thermometer, overhead stirrer and gas
inlet. The temperature of the reaction mixture is raised to 95°C to 97°C and held
at this temperature for 2 hours or until the theoretical NCO% was reached as
indicated by titration of a small sample. After the first stage is complete the
temperature is then adjusted to 72°C to 74°C and component 8 is added and the



NCO% is reached as indicated by titration of a small sanple. After the
first stage is conplete the tenperature is then adjusted to 72C to 74C and
react ant swo 20e/i4@74ar e added and the tenperature hel d thece/usesosassher 1.5
hours or until theoretical NCO%is reached as indicated by titration of a
smal | sanple. [0110] A pol yurethane dispersion is prepared by neutralizing
t he above prepolyner with 36.7 parts of triethylamne at 600C to 640C and
di spersing the neutralized prepol yner |4‘5|_vvater whi | e nmai ntai ning the

wat er / di spersi on tenperature bel ow 28C. The di spersed prepol yner is
extended with hydrazine to give a 48% solids pol yurethane dispersion with

| ow sedi a_Vv 540 t 2500 at. a 7.8. . To this

di spersi gﬁemeﬁ?t&:’}%ﬁ?@l%gﬁ%g’( (glgé)rﬂAéﬁfJUf%O%éB@(jh@@pegpapr% Is

sel f - cr osskhokédgs hedivaed watithabn éf@gmgﬁsgﬁﬁ}p?s in incorporated into the
pol ymer via the carbonyl/ketone functional diol. Exanple 6 [011 1] A

prepol yner is prepared by conblnlng conponents 1 through 6 of the

i ngredi ents bel t—6(0C reck—fask—eqguipped—w-th a thernoneter,
over head sti rre%&ﬁ%" jgﬁ M)aégr'é’lThe tenperature %5 ?he reacti on mxture is
raised to 92C §q 95C and 1ejngaﬁ;ra{éa|§|map@,qé}tur§2'r5 hours or until the
theoretical NCO¥was reached as indicated by titration of a small sanple.
After the firsf{ stage is ,dt@b(mpéu@w&m@leat)ure is then adjusted to 720C
to 740C and cofgonment—7 i gded—and-the—tenrperatire—helHd there for anot her
1.5 hours or unfil theoret F’?’iﬁgﬂﬁ%ﬁ:&g@ reached L)%“O pndl cated by titration
of a small sanpBe. [0112] | el yur et hane disperjsppg s prepared by
neutralizing the above prepolynmer with 11.9 parts of trijethylam ne at 600C
to 640C and di sflersi ng theSRé@Fr alized pr epol ynet1.2n watler whil e

mai nt ai ni ng t heswater/di-sperston at-ure—below 280G, The di spersed
pr epol yrrergi S <Qtended W tﬁ E@ﬁﬁ o gi ve & ESZ 5% ol i ds pol yur et hane
di spersi on w t hgl ow sedi rrenttD| a Brookfielrd viscopddy of {420 cps at 250C (20
rom No. 3 spindle) at a pH of 7. 3 i
8 Lexorez® 1405-65 91.4

IJ'

[0116] A polyurethane dispersion is prepared by neutralizing the above
prepolymer with 25.7 parts of triethylamine at 60°C to 64°C and dispersing the
neutralized prepolymer in water while maintaining the water/dispersion
temperature below 28°C. The dispersed prepolymer is extended with hydrazine
to give a 47.6% solids polyurethane dispersion with low sediment, a viscosity of
560 cps (at 25°C) at a pH of 7.7.

Example 9

[0117] A prepolymer is prepared by combining components 1 to 6 below at
60°C to a 4 neck flask equipped with a thermometer, overhead stirrer and gas
inlet. No anionic functional polymeric polyol is employed in the prepolymer
reaction medium. Using a dry nitrogen atmosphere in the reactor, the
temperature of the reaction mixture is raised to 92°C to 95°C and held at this
temperature for 2 hours or until the theoretical NCO% was reached as indicated
by titration of a small sample. After the first stage is complete the temperature is>
then adjusted to 82°C to 85°C and component 7 is added and the temperature
held at 82 to 85°C for another 1.5 hours or until theoretical NCO% is reached as
indicated by titration of a small sample.



Exanple 7 [0113] A prepolyner is prepared by conbining conponents 1 through
7 of the ingredients below at 60C to a 4 neck flask equi pped with a

t her ronetwo,20@mwarfaead stirrer and gas inlet.

The t enper atwrus2ab/084ye3
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wat er whil e mai
di spersed prepg

Nt &mBbASN

| yner was

ext ended with hydrazine t

fdetigr / di spersion tenpe

rpé,qg e

0O gLve

bel ow 28C. The
a 50.1% solids

pol yur et hane di
cps at 250C (20
prepol yner is p

sbersion wi
rpm No. 3
repared by

Ca

tUndadwatedi dirfurtctionaBliobk

SBRislih Bt bR

tslt

of 7. 4.

f3RRd
Exam
0 6 be

vi scosity of 1200
bl e 8 [0115] A
ow at 600C to a 4

neck flask equi
t enper at ure of

pped W Th a Bihfameees&00 overhead s

the reacti

n mxture is raised to 9

(132 @r
50C to

and gas inlet. The
97C and hel d at

this tenperatur

e for 2 hot

tratr AN ~f
T At 1T uUrr Ut

Iriegomer® PDB40%e theoreti

A crnml| earml-e— Aft Ay ¢+
T oollll\ll C. M\ UTClT T

cH.1NC

(P was reached as
stage is conplete

i ndicated by ti
the tenperature

S then adj

ed to 720C to 740C 14

Wi

ponent 8 i s added

and t het enper at
NCO% i s reache

e held theg
as indicatle

dpr another 1.5 hour
by titration of a snd

®o U

Il sam

ntil theoretical
pl e. [0116] A

pol yur et hane di
with 25.7 parts

$persion ig

of trinth
LI LAY

IBDépar ed by neutralizin

aaValk] 64C
€ u.l. qu t+o—o45C—a

glahe

d-dian

above prepol yner
er si ng the

neutralized pre

%I ymer in

" ER

whi | e mai nt ai ni ng

t e8va

[ er/ di spersion

t enper ature bel

[0118]

ow Z8UC. 1T

1€ di Sper sed pr epol ymer |

S exte

nded wit h hydrazi ne

A polyurethane dispersion is prepared by neutralizing the above

prepolymer with 12.5 parts of triethylamine at 60°C to 64°C and dispersing the

neutralized prepolymer in water while maintaining the water/dispersion

temperature below 28°C. The dispersed prepolymer is extended with hydrazine

to give a 48.6% solids polyurethane dispersion with low sediment, a viscosity of
9000 cps (at 25°C) at a pH of 7.8.

Example 10

[0119]

A prepolymer is prepared by combining components 1 to 6 below at

60°C to a 4 neck flask equipped with a thermometer, overhead stirrer and gas

inlet. No reactive diluent component is utilized in the polymerization medium.

Using a dry nitrogen atmosphere in the reactor, the temperature of the reaction

mixture is raised to 78°C to 80°C and held at this temperature for 2 hours or until

the theoretical NCO% was reached as indicated by titration of a small sample.

Component

Material

Parts

1

Unsaturated oil functional diol
(prepared by the method of
Example 2 (OH No. 140.0))

43.5




to give a 47.6% solids pol yuret hane di spersion with | ow sedi nent, a
viscosity of 560 cps (at 250C) at a pH of 7.7. Exanple 9 [0117] A

pr epol ymewoizsogqusepar ed by conbi ni ng conmponents 1 to 6 belcowsaisesd€3to a 4
neck flask equi pped with a thernoneter, overhead stirrer and gas inlet. No
ani oni ¢ functional polyneric polyol is enployed in the prepolynmer reaction
medium Using a dry nitrogen atnosphere in the reactor, the tenperature of
the reaction mxture is raised to 920C4g 950C and held at this tenperature
for 2 hours or until the theoretical NCO%was reached as indicated by

titration of a small sanple. After the first stage is conplete the
t enper at ur g gitsted—+6-820Ct+0-850C and _conponent I s added and

g GU~ CU—O0OZT T

t o+ Ih i AL
O UITTCTT G.LJ
t he terrperatQR'Epﬂ'%?@ atMat9rialy 850C for another 1| BaH8urs or |until
t heoreti call NCON TS TeaghiRg f Rghcated by tTtTatt of —a—smal |
sanpl e. [ 0118] A pol vuj etﬁangé%igsggpsi on is prepa'gab,?éy neutrial i zi ng the
above prepoldyner with T2gbmea®t[33403 t ri et hyl am ng2atg 600C tg 640C and

di sper si ng fthe—rneut+al+zed—prepolyner in-water while maintailning the

wat er / di sper4$i on terrpelr[@mrg bel ow 280C. The di spéPHed prepdl yner is

ext ended wijigh hydrazim RY AB 69 solTdspphyyrettanedi spersion with
| ow sedi nef a Vi scos?te%/&oe ®9€%(85 ggs (at 250 at7§8pH of 7.{8. Exanple 10
[0119] A prépol yner i sIRbepared by conbi ning conposepts 1 td 6 bel ow at
600C t 0 a 4neck—flask—equipped with a thernonetler overhead stirrer and
gas inlet. No reactive diluent conponent is utilized in the polynerization
medi um yEpIa A Yooy i ' rithe tenpperature of
t he reacm)n r¥1 xt u?sgwi séﬁgﬁgﬁﬁélggy%ob%&%‘?%hg%%g?ral'apgErﬂ? §g5¥?mer ature
for 2 houpeemniynat withtth patts af ¢iéthplanilee 865C te20he dnadispulskrihg by
titration fgf al.sml I sg{\rl’;rlgé e. &%ZOMA ol,%ur_e,t hane di spersion was prepared
by neutral’ %r.ﬂéze[ RrERBOVETIP IBPY He Waintagning i watesfdispersiony| am ne at 65C
to 700C amingeaReedldwidBC. The dispersed prepolymer was extended with

hydrazine to give a 47.8% solids polyurethane dispersion with low sediment, a

viscosity of 590 cps (at 25°C) at a pH of 7.5.

Example 11 ,

[0121]  Coating compositions are formulated from the polyurethane
dispersions set forth in the foregoing examples and cast and cured into films.
The films are then evaluated for solvent swell and mar resistance properties.
The coating formulations are prepared by placing 100 parts of the polyurethane
dispersions obtained in Examples 4, 8, 9 and 10 into separate glass containers.
To each container is then added 0.36 parts of a 33% (by wt.) solution of an alkyd
drying agent (Dapro® 7007, Elementis Specialties Inc., Hightstown, NJ) in
dipropyleneglycol monomethylether. After thorough stirring each of the coating
formulations are allowed to "rest" for 24 hours whereupon films cast from each

coating sample are prepared for solvent swell testing and mar resistance testing.

Solvent Swell Test Procedure

[0122] Films of each coating formulation are cast onto Mylar® substrates
coated with a release agent (Paintable Dry Film Mold Release with Krytox®) by
pooling 5-6 grams of each sample onto the substrate and drawing a "bird" type

blade applicator gage (calibrated to 10 mil wet thickness) across each pooled



neutralized prepolynmer in water while maintaining the water/dispersion
tenperature bel ow 28C. The di spersed prepol yner was extended w th hydrazine
to give awdro@Wsaki ds pol yuret hane di spersion w th | owpsediscwnsin3soas
viscosity of 590 cps (at 25C) at a pH of 7.5. Exanple 11 [0121] Coating
conpositions are formul ated fromthe pol yurethane di spersions set forth in
the foregoi ng exanples and cast and cured into filns. The filns are then
eval uated for solvent swell and mar resgjgtance properties. The coating
formul ations are prepared by placing 100 parts of the pol yurethane

di spersions obtained in Exanples 4 , 8 9 and 10 into separate gl ass

[ . I ' h ded, 0. 36 f 33% (b .
Colution SPeS g BNTHER g b L e Abombianisme ishossablraiat o h
Inc., Hi ghitsiclopointNkulan 1dhe gmrzﬁuﬁpg?bmétema §1¥li$e;%ﬁgﬁfﬁeg§&tedf'fgfa%§r oug

stirring each of the,coating. 0 ions are allowe 4
hours wherRbfln anddmergrsed in apkiagtios @dthaugs s Thplvestatatesveglneiind or

solvent s ' r | stan testing. Sl vent | Test

Pr ocedur e‘%‘?bﬂp}éféf__él Pﬁ@%(@?at%gmé%%k?g ﬁ%ﬁﬁSFﬁB}V ggweﬂ,déareggqrs.\’\ﬁjﬁpd epyltsar (r)
subst r at emre et fthintthe dalslel e, agent (Paintable Dry Film Ml d Rel ease
with Krytox(r)) by pooling 5-6 granms of each sanple onto the substrate and
drawing a "bird" type bl ade applicator gage (calibrated to 10 m| wet

t hi ckness) 3 i pooted i Fhe—dt ' e cured for 1 week
at anbi ent rq:‘sI Er@?%‘r?'aefure atﬁ-.'1 igciﬁegoi nt '.' ?Weér 1 iinch (25.4 mm

di anet er sanrpt ar "Pu_yched oW} a(Bf each CL‘@& filmandg i mersed in sol vent
for 24 hourd.\FXADRIENGY ot ¢ s\diameterin m sHiamaterin i fmediatel y neasured
for their sdlvent swell dianet®M) The resy/MBare set forth in the table
bel ow. [01231¥ Filns prepared [f2%fh t he pol \JlB%Ohane di spersions of the

i nvention ard di nensionally st2®be and fir]B85 the touch while the films
prepared in|&ccor deomearative) | 29.0 (fragile) | 39.0 (fragile)
10 (comparative) | 31.0 (fragile) | 41.0 (fragile)

[0123]  Films prepared from the polyurethane dispersions of the invention are
dimensionally stable and firm to the touch while the films prepared in accordance
with the comparative examples are "fragile" in that they immediately break apart
upon light touching with a finger.

Mar Test Procedure

[0124] Films of each coating formulation are cast onto separate sheets of

8.5 x 11 inch black Leneta paper by pooling 5 to 6 grams of each sample onto
the substrate and drawing a "bird" type blade applicator gage (calibrated to 5 mil
wet thickness) across each pooled sample. The drawn films are cured at
ambient room temperature for the time periods set forth below. Each of the
samples is subjected to a series of 3 finger flicks at full force allowing the edge of
the fingernail to impact the surface of the cured film at 3 different locations.

Then each sample is lightly wiped with a lab tissue and a composite rating for
mar resistance is assigned according to the following rating scale:

Poor = severe marring/marking
Fair = moderate marring/marking
Good = light marring/marking

Very Good = very light marring/marking
Excellent = no noticeable marring/marking



with the conparative exanples are "fragile" in that they i medi ately break
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2. A pol yurethane prepolyner of claim1, wherein said m xture conprises an
i socyanate reactive conponent selected frome) a carbonyl functional
conponentwofposana7agi oni ¢ functional al cohol conponent amdtashdécs/osdyss eof ; Q)
an al cohol conponent containing a pol yal kyl eneoxi de si de chain; and

m xtures thereof. 3. A polyurethane prepolynmer of claim2 , wherein said

m xture conprises a polyol conponent selected froma polyester polyol, a
pol yet her polyol, a polycarbonate poly h, a | ow nol ecul ar wei ght diol, and
m xtures thereof. 4. A polyurethane prépol ymer of claim2 , wherein said

m xture conprises a |long chain am ne conponent selected forma pol yester
am de, a olxénide, and m xtures thereof. 5. A pol yurethane prepol yner of
claim1 oWHAT IRELAIMEPJISs0nent a) is selected fromaliphatic,
cycloaliphatic, araliphatic, aromati c polyi socyanates, and m xtures thereof
cont ai ni ng 2 on. nor A watet yispareibl, seffcrosilinkalpleliyosyeinbée tergrirgtetly ner  of

| aim5, wh ' t [ | ect f h t hyl -1
6l | sbcPAHHTEhans PoRRITOER RS oy BAGEE. T3 3 DIDRVIERATRRIS A amet hyl ene

dii socyanate, 3%4, 43Wdrg§§gﬁoywtam’&&ﬂﬁghé cyanate, 2-nethyl-1

, 5-pent amet hyl ene dilso ) chyc[ohexyInet’ane dii socyanate,
i sophor one di i bpcyanatigQcyanate iesictive vl meodified polyahaemponent having

1, 3-bi s- (i.sgcyanat gnet.hyl ) cycl ohexane, mtetranethyl xylylene
di i socyangfeg'f‘}lcpg'?s@?w?&?ﬁﬁhyl xyl yl ene diisocyanate, 1,4-xylylene

di i socyanate, &) 3-xghisctjandid FRRYI08 poBmem Papst ddripdrietivmydiningocyanat e) ,
tol uene diisocyanate, naphthal ene diisocyanate, and m xtures thereof. 7 . A
pol yur et haaadpnteyirRigdunetioned araups; 8nd2 | wherein conponent b) is obtai ned

cont ai mi ng_conbuna 2sBpelfb SRR coReRGRt ESnpfg atnst fd Bl RNoAl, 261

fatty aci gasaturated douklaibesdd.her eof .

2. A polyurethane prepolymer of claim 1, wherein said mixture
comprises an isocyanate reactive component selected from e) a carbonyl
functional component; f) an anionic functional alcohol component and salts
thereof; g) an alcohol component containing a polyalkyleneoxide side chain; and

mixtures thereof.

3. A polyurethane prepolymer of claim 2, wherein said mixture
comprises a polyol component selected from a polyester polyol, a polyether

polyol, a polycarbonate polyol, a iow molecular weight diol, and mixtures thereof.

4, A polyurethane prepolymer of claim 2, wherein said mixture
comprises a long chain amine component selected form a polyester amide, a

polyamide, and mixtures thereof.

5. A polyurethane prepolymer of claim 1 or 2, wherein component a)
is selected from aliphatic, cycloaliphatic, araliphatic, aromatic polyisocyanates,

and mixtures thereof containing 2 or more isocyanate groups.

6. A polyurethane prepolymer of claim 5, wherein component a) is
selected from hexamethylene-1,6-diisocyanate, 1,12-dodecane diisocyanate,

2,2, 4-trimethyl-hexamethylene diisocyanate, 2,4 ,4-trimethyl-hexamethylene



8 . A pol yurethane prepolynmer of claim7, wherein said polyol contains an
average al cohol functionality of at |east 3 hydroxyl groups per nolecul e,

sai d dryiwg 200d047B6sel ected fromlinseed oil, poppyseedPorius2603088983 | ,
dehydrated castor oil, safflower oil, sunflower oil, soybean oil, oiticica
oil, perilla oil, walnut oil, tall oil, sardine oil, and herring oil, and
said fatty acid is selected fromlinoleic acid, linolenic acid, oleic acid,
ol eosteric acid, eleosteric acid, Iicaghf acid, arachidonic acid,
ricinoleic acid, ricinoic acid, and pal'fiitol eic acid, and positional

i somers thereof. 9 . A polyurethane prepolynmer of claiml or 2, wherein
conponent ¢) contains a pendant anionic functional group(s) selected from
, sul f oni cdiiggayaaate, %mﬂwWﬁe&@eﬂtam@mMW|dl@oamnﬁtandicss@loh@xylm@tme

prosonn 5 b SR 1 MR e APl oL

aci d groups3-pig |Scfcybh§torn®thylb @9c|§h§ﬁbﬁé rﬁftetraﬂ"leﬁnyﬂlQi/ly@ne&ﬁis@@?@%térOm
pol yest er polyo er polyols ycar bonate pol yols, polyetherester

pol yol s, pde gmeéwléub/Yet @ltﬁ@yamﬂwAéﬁwlv@ns@@@m@naéﬁm Boipierg i ni c
| yol h f cl 9,
\me?gla sal %pd[y ?‘9?}6}5‘?‘:‘%%“?%??4 éﬁ?n@ 'Q&lﬁ}é%g?ér)t ?dglgerrgéo ﬂo&ggétlg g(r:oﬁlpgn and

i s the eshaphthaterie dilsocganatepang noigiucés tifereof) a first conponent sel ected
froma polycarboxylic acid, a polyol, and m xtures thereof; and ii) a
second conponent having at |east two unhindered functional groups selected

from car boxyl i €- aci & Polyidethgne p'iﬁpiohfﬁ'?%f cfralaig 1 9620 MISFSINHANMHRONEM by hi o
groups, a d r et hane
aroups,  ARobilee) Hbifih MISHES SUPGIAL) ErAfiARER wita AR

acid containing compound selected from a drylng oil(s), and mixtures thereof, a

fatty acid(s), and mixtures thereof.

8. A polyurethane prepolymer of claim 7, wherein said polyol contains
an average alcohol functionality of at least 3 hydroxyl groups per molecule, said
drying oil is selected from linseed oil, poppyseed oil, tung oil, dehydrated castor
oil, safflower oil, sunflower oil, soybean oil, oiticica oil, perilla oil, walnut oil, tall
oil, sardine oil, and herring oil, and said faity acid is selected from linoleic acid,
linolenic acid, oleic acid, oleosteric acid, eleosteric acid, licanic acid, arachidonic
acid, ricinoleic acid, ricinoic acid, and palmitoleic acid, and positional isomers

thereof.

9. A polyurethane prepolymer of claim 1 or 2, wherein component ¢)
contains a pendant anionic functional group(s) selected from ,sulfonic acid and
salts thereof, carboxylic acid and salts thereof, phosphonic acid and salts
thereof; and mixtures thereof.

10. A polyurethane prepolymer of claim 9, wherein component ¢)
contains pendant carboxylic acid groups and is the reaction product of:

i) a polyol selected from polyester polyols, polyether polyols,
polycarbonate polyols, polyetherester polyols, polybutadiene polyols, polyacrylic
polyols, and polyolefinic polyols; and

ii) a dianhydride.



pol yol contains pendant carboxylic acid groups and is the reaction product
of: i) at |east one polyol having a hydroxyl group selected froma term nal
primary hyorooss7geoup, a term nal secondary hydroxyl growps2@stossoss nal
tertiary hydroxyl group and m xtures thereof; and ii) an anhydri de sel ected
froman aromati c anhydride, a non-aromatic anhydride, and m xtures thereof.
13. A pol yurethane prepolyner of claiml1l or 2 , wherein conponent d) is
selected fromesters of (neth)acrylic ggid with aliphatic, aromatic, and
pol yet her pol yhydric al cohols; esters™®f (neth)acrylic acid with

ol efinically unsaturated al cohols; multifunctional allyl ethers; reaction
products of pentaerythritol triallyl ether with saturated or unsaturated
nmono-, di- and!iri Baddsugthaneguepslyswitaiicaimg wherefipsaidiotymations; and

reaction f tri ropane diallyl.ether w.th saturated or
unsat ur at ‘é’%ﬁ?ﬁéﬁ?ﬁ"a ip_engﬁﬁ{ %’JP%%@#%%?J@ Iqr‘gu ascf%g 'Sctg\’?teaﬁtﬂri'fthcft'? NT§aSYt ar bon
atoms. ldprofugpbfyur et hane prepol ymer of claim 13, wherein conponent d) is
selected from ], 4- butanediol di(nmeth)acrylate, 1,6-hexanedi ol

di (met h) acryl abe, 1afigst capmangnt gelesisd em a gplycamaxylieasid, amodpgndne

gl ycol di (g triethylene glycol di(nmeth)acrylate, polyethylene
gl ycol dié‘gé}%sa@%ﬁydzg‘?%@ vinyl (meth)acrylate, allyl (neth)acrylate and

di cz/cl oE)ent ad: Bny| acseybrad:]e?rr?)byieat beh\ghg iat leltlh) }wo:uyihmdered fu'nm‘bhﬁll ol plr opane
tri(nmeth)acrylate, trinet ol propanedi (net h)acryl ate, pentaerythrito
tri(met h) HOMPESE ,Ct%ﬂpab?%ﬁwlt cifl YD RYIRGFY PEVRS, SACRBIFIYABINS
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tri(meth)acry ropoxyl ated tri nmet pane 't net h) acryl at e;
diallyl phthalate, diallyl carbonate, diallyl ether, diethyleneglycol

dt' aHyl et her, 1Mt hilpaheirgingnel prépalymar of chum, 9, hvitigrait Suiti palyraéncol dial |yl
et her, propyl ene gl ycol diall %I et her, propyl enegl ycol trial qul et her,
neopent yl @‘%‘é'cﬁo 9B Inpndaphearboxylic acid grours a4 i thedpasiorpedugt okt her

1,2, 3-trial lyl9xyprQnggss one polyol having a hydroxyl group selected from a
terminal primary hydroxyl group, a terminal secondary hydroxyl group, a terminal
tertiary hydroxyl group and mixtures thereof; and

i) an anhydride selected from an aromatic anhydride, a non-aromatic

anhydride, and mixtures thereof.

13. A polyurethane prepolymer of claim 1 or 2, wherein component d)
is selected from esters of (meth)acrylic acid with aliphatic, aromatic, and
polyether polyhydric alcohols; esters of (meth)acrylic acid with olefinically
unsaturated alcohols; multifunctional allyl ethers; reaction products of
pentaerythritol triallyl ether with saturated or unsaturated mono-, di- and tri-
carboxylic acids containing 2 to 22 carbon atoms; and reaction products of
trimethylolpropane dially} ether with saturated or unsaturated mono-, di- and tri-

carboxylic acids containing 2 to 22 carbon atoms.

14. A polyurethane prepolymer of claim 13, wherein component d) is
selected from 1,4- butanediol di(meth)acrylate, 1,6-hexanediol di(meth)acrylate,
1,12- dodecyl diacrylate, dipropylene or tripropylene glycol di(meth) acrylate,
triethylene glycol di(meth)acrylate, polyethylene glycol di(meth)acrylate; vinyl
(meth)acrylate, allyl (meth)acrylate and dicyclopentadienyl acrylate; glycerol
trilmeth)acrylate, trimethylolpropane tri(meth)acrylate, trimethylolpropane



trimethyl ol propane triallyl ether, pentaerythritol triallyl ether, allyl
sucrose, triallylcyanurate, triallyl isocyanurate, allyl diglycol

car bonat eso 2decalsbab mal eate, diallyl fumarate, triallyl pCriusedosiosdse,
diallyl amne, triallylamne, triallyl citrate; and m xtures thereof. 15. A
pol yur et hane prepol ymer of claim1l or 2, wherein said m xture conprises a

pl asticizer. 16. A polyurethane prepol ynmer conposition of claim2, wherein
conponent e) is selected fron1dihydrox% ket ones, M chael -additi on adducts
of di acetoneacryl am de with di am ne or 3Ikano|anine, adducts of di epoxides
wi th ketocarboxylic acids, and ketocarboxylates. 17. A pol yurethane

prepol ynmer conposition of claim16, wherein said diepoxide is selected from

di gl yci dyHi(eetiasrdateppepiaendhetohidmsthasailateppepiaenahriidd sel ected from

2,2-bis-(4: I : -Gl e,

1, 1- b: : E%—t%ﬂ{e@(x%/égﬂgér}% %t_’@{xﬁ%ﬁ%&trﬁ ﬁtﬁg[ogéﬁééghé’ﬁ@ié}éﬁ%r@ﬁgg?l sobut ane,

2, 2- bi s- (Ardpokytated bRcer tlimathtyylate, propexytated trimethylolpropane _

bi s- (4- hydroxynapht hyl ) - net I\&He and 1 ? di hydr oxynapht hal ene; di gl yci dyl

ethers of tMRIacE lake Bisdysehinalals. Miall gagiangte | diallyl sthercdisthyiensalidlyi ene
I |, dj L gt g I s : |,

0 270 opadhfhyihes et dllod dulFRfed, KEakinyer BREBLIENT sk ©

hyd & oxy_CépIcmydm}d glypzla]!ialtyé ;ethh'rlgp;aﬁydgdc;agwmn_iallgf etﬂb_(;g‘rempieyﬂttylglyecli ctI_aI(ijIher ein

sai d aci s selected fromoxalic, sucginj c acid, utaric acid,

t er epht ha?h@raiﬂdﬁrﬁ‘,"%thﬁ PHQI‘%ﬂéﬁmﬁﬂ'ﬁ&i?igr%%xm@%@f‘ﬁari zed linol enic

aci d. 18. rRethyidlsroPans tiaIRPethsiBhetERAwitbl I‘Piﬁllﬂfetﬁéﬁ?'a'ﬁyﬁuéf‘?%,e' n

conponent f) 1§ selected froma conpound represented by the formula:

( OH) xQ( COmllyloyhruraite, tdalld ispayanaiajat altyl diglhwet hatbomates) challybmaieatec al

having 1 Ejf)all%lzfu%aarrgf)er,]tr?atlﬁ)/r{srimglﬁt%té(, cﬁglflyl%m%ee, tlj“'laﬁﬁa%'lne, triallyl citrate; and

mixtures thereof.

15. A polyurethane prepolymer of claim 1 or 2, wherein said mixture
comprises a plasticizer.

16. A polyurethane prepolymer composition of claim 2, wherein
component e) is selected from dihydroxy ketones, Michael-addition adducts of
diacetoneacrylamide with diamine or alkanolamine, adducts of diepoxides with

ketocarboxylic acids, and ketocarboxylates.

17. A polyurethane prepolymer composition of claim 16, wherein said
diepoxide is selected from diglycidyl ethers of bisphenols wherein said bisphenol
is selected from 2,2-bis-(4-hydroxyphenyl)-propane,

4 4'-dihydroxybenzophenone, 1,1-bis-(4-hydroxyphenyl)-ethane,
1,1-bis-(4-hydroxyphenyl)-isobutane, 2,2-bis-(4-hydroxy-tert-butylphenyl)-
propane, bis-(4-hydroxynaphthyl)-methane and 1,5-dihydroxynaphthalene;
diglycidyl ethers of dihydric alcohols wherein said alcohol is selected from
ethylene glycol, diethylene glycol, triethylene glycol, 1,2-propylene glycol,
1,3-propanediol, 1,5-pentanediol, 1,6-hexanediol and 2,2-bis-(4-
hydroxycyclohexyl)-propane; diglycidyl ethers of dicarboxylic acids wherein said
acid is selected from oxalic acid, succinic acid, glutaric acid, terephthalic acid,
2,6-naphthalenedicarboxylic acid and dimerized linolenic acid.



19. A pol yurethane prepol yner conposition of claim18, wherein conponent f)
is selected fromcitric acid, dinethylol propanoic acid dinethylol butanoic
aci d, gl ywol2oes/mcisd, |lactic acid, malic acid, dihydroxymrelrius2@siosgoss artaric
acid, hydroxypivalic acid, and m xtures thereof. 20. A polyurethane

prepol ynmer conposition of claim2 , wherein conponent g) is selected from
an nonoal cohol or diol conpound containing a pendant pol yal kyl eneoxi de si de
chain. 2 1. A polyurethane prepol yner conposition of claim 20, wherein said
pol yal kyl eneoxi de side chain conprisesSa kyl ene oxide units sel ected from
et hyl eneoxi de, propyl eneoxi de, butyl eneoxi de, and m xtures thereof. 22. A
pol yur et hane prepol ynmer conposition of claiml1, 2, 16, or 17 wherein said
prepol yner is fgutraldoiastemdne megelymétldomdsmracmtaim 23whArginl yur et hane
prepol ynmer conposition of claim?22, wherein said neutraljzation agent is
sel ect ed tomponent fds pelentedFomacampepadsrpwsenied Ry g iarAMR oxi de, and
phosphi nes. 24. A pol yurethane prepolynmer conposition of claim23, wherein
said prepolyner is dispersed in water. 25. A pol yurethane prepol yner
conposition of claim1l or 2, wher@H)4COQgpol yner is dispersed in water
contai ning a neutralizing agent.26. A polyurethane conposition wherein the
neutralized prepolynmer of claim22 is chain extended with a chai n extender.
27. A pol yuret. b i i I he chain
xi ender THEE R S b B o e P B e,
and ni xt upgsng eideotind 3&reA fwod.yur et hane conposition of claim 26 further
conprising a crosslinking agent. 29. A pol yurethane conposition of claim
28, wherein said crosslinkin

19. A polyurethagne prepolymer composition of claim 18, wherein
component f) is selected from citric acid, dimethylolpropanoic acid dimethylol
butanoic acid, glycolic acid, lactic acid, malic acid, dihydroxymalic acid, tartaric

acid, hydroxypivalic acid, and mixtures thereof.

20. A polyurethane prepolymer composition of claim 2, wherein
component g) is selected from an monoalcohol or diol compound containing a

pendant polyalkyleneoxide side chain.

21. A polyurethane prepolymer composition of claim 20, wherein said
polyalkyleneoxide side chain comprises alkylene oxide units selected from

ethyleneoxide, propyleneoxide, butyleneoxide, and mixtures thereof.

22. A polyurethane prepolymer composition of claim 1, 2, 16, or 17

wherein said prepolymer is neutralized with a neutralization agent.

23. A polyurethane prepolymer composition of claim 22, wherein said
neutralization agent is selected from tertiary amines, metal hydroxides,

ammonium hydroxide, and phosphines.

24. A polyurethane prepolymer composition of claim 23, wherein said

prepolymer is dispersed in water.

25. A polyurethane prepolymer composition of claim 1 or 2, wherein

said prepolymer is dispersed in water containing a neutralizing agent.



agent is selected froma pol yam ne and a pol yhydrazi de (and pol yhydrazones
thereof). 30. A polyurethane conposition of claim?29, wherein said
crossl i nkiwvogo@gam4ei s sel ected from oxalic acid di hydrazcaa;s2emlogsyss aci d
di hydrazi de, succinic acid dihydrazide, adipic acid dihydrazide, sebacic
acid di hydrazide, phthalic acid di hydrazi de, terephthalic acid di hydrazide,
napht hal enedi car boxyli ¢ acid di hydrazi de, 1, 2-cycl ohexane di carboxylic acid
di hydrazi de, 1, 3-cycl ohexane dlcarboxyé c acid di hydrazi de, 1, 4-cycl ohexane
di carboxylic acid dihydrazide, azelaic %CId di hydrazi de(s); carbonic acid
hydrazi de(s), bis-sem carbazi des, trlhydra2|des di hydr azi noal kones and

di hydrazi des of aromatic h drocarbons ol yur et hane conposition of
clai m 28 furthad®. coAmalyirg aéf'edfr?qfépo%ﬁw Y"é‘)ere'ﬁdhq?é!@t‘ﬁﬁl'%@) prepoinen Her (s),

def oaner (g | anti m crobi al agent(s),

ant i oxi daﬁ%t’g?? %J\V?ﬂgﬁ's%)?%gg%&% a??%ﬁﬁe FB) nt(s) pi gnent (s), dye(s), and
m xtures thereof. 32. A coating conposition conprising the polyurethane
conposi tion of ggl ai Mblyurethane prepolymer composition of claim 26, wherein said

chain extender is selected from water, organic polyamines, polyalcohols, ureas,

and mixtures thereof.

28. A polyurethane composition of claim 26 further comprising a

crosslinking agent.

29. A polyurethane composition of claim 28, wherein said crosslinking
agent is selected from a polyamine and a polyhydrazide (and polyhydrazones
thereof).

30. A polyurethane composition of claim 29, wherein said crosslinking
agent is selected from oxalic acid dihydrazide, malonic acid dihydrazide, succinic
acid dihydrazide, adipic acid dihydrazide, sebacic acid dihydrazide, phthalic acid
dihydrazide, terephthalic acid dihydrazide, naphthalenedicarboxylic acid
dihydrazide, 1,2-cyclohexane dicarboxylic acid dihydrazide, 1,3-cyclohexane
dicarboxylic acid dihydrazide, 1,4-cyclohexane dicarboxylic acid dihydrazide,
azelaic acid dihydrazide(s); carbonic acid hydrazide(s), bis-semicarbazides,

trihydrazides, dihydrazinoalkones and dihydrazides of aromatic hydrocarbons.

31. A polyurethane composition of claim 28 further comprising a drier
salt(s), surfactant(s), stabilizer(s), defoamer(s), thickener(s), leveling agent(s),
antimicrobial agent(s), antioxidant(s), UV absorber(s), fire retardant(s),

pigment(s), dye(s), and mixtures thereof.

32. A coating composition comprising the polyurethane composition of

claim 27.



