WD 03/ 054093 PCT/ EP02/ 13757 1 AQUEQUS COATI NG COVPCSI TI ONS CONTAI NI NG
POLYURETHANE- ACRYLI C HYBRI D POLYMER DI SPERSI ONS This invention relates to
agueous cwakta3ng4®nposi tions, especially paint coatings, FoTatrodiismg7

| acquer s, varni shes, enul sion paints, twoodstai ns and adhesives and inks
cont ai ni ng pol yuret hane-acrylic hybrid polyner dispersions. It also

rel ates to aqueous dispersions of pol yurethane-acrylic polyner particles
for use in 5 such conpositions and to urethane prepol yners. Paint coating
conpositions are surface protective and/or decorative coatings which when
applied to substrates and allowed to dry and/or cure form continuous filns
whi ch protect and/or decorate the substrate. The substrates vary w dely
including 10 nmetals, wood, plastics and plaster. In sonme applications it is
desirable for the paint to crosslink or cure in order to provide the
necessary protective properties. Industrial paint coating conpositions
such as those used in coating netal containers or notor vehicles are

usual ly crosslinkable as this enables the final properties of the dried
filmto devel op rapidly. 15 CONFI RVATI ON COPY WO 03/ 054093 PCT/ EP02/ 13757

2 Paint coating conpositions are cormmonly used in coating interior and
exterior surfaces found in buildings where the surfaces are usually coated
at anbient tenperatures of say 5 to 40*C. Such conpositions are often
called "architectural” coating conpositions. Typically, architectural
coatings are applied by brush, roller, 5 pad or spray and are "air-drying'.
By air-drying is neant that the coating is fluid enough to flow out on the
surface to which it is applied to produce a snooth, even and continuous
filmand is converted to a dry solid coating by |loss of the carrier

liquid, usually water in the case of an aqueous coating conposition or
organi c AQUEOUS COATING COMPOSITIONS CONTAINING POLYURETHANE-

ACRYLIC HYBRID POLYMER DISPERSIONS

‘This invention relates to aqueous coating compositions, especially paint
coatings, including lacquers, varnishes, emulsion paints, woodstains and adhesives
and inks containing polyurethane-acrylic hybrid polymer dispersions. It also
relates to aqueous dispersions of polyurethane-acrylic polymer particles for use in

5  such compositions and to urethane prepolymers.

Paint coating compositions are surface protective and/or decorative coatings which
when applied to substrates and allowed to dry and/or cure form continuous films
which protect and/or decorate the substrate. The substrates vary widely including
10  metals, wood, plastics and plaster. In some applications it is desirable for the paint
to crosslink or cure in order to provide the necessary protective properties.
Industrial paint coating compositions such as those used in coating metal
containers or motor vehicles are usually crosslinkable as this enables the final

properties of the dried film to develop rapidly.
15
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solvent in a solventborne coating conposition. 10 Users of architectural
paints prefer to use aqueous paints because they have very little or a
conpl et e wibgvnsMI®f organi c sol vents and so in use rel easeCcT@rODLI378D
unpl easant odours. 15 Architectural paints are often applied to surfaces
which in normal use are exposed to wear and to substances which may
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15  Architectural paints are often applied to surfaces which in normal use are exposed
to wear and to substances which may permanently stain the dried, solid coating if
not immediately removed following, for instance a spillage. For example,
varnishes applied to floors are constantly exposed to abrasion whilst pigmented
paint coatings and indeed varishes applied to surfaces such as walls and window

20 sills may have accidental spillages of tea or coffee on them. In such circumstances
it is important that the paint coating is not permanently stained, damaged or

degraded.

Clear or unpigmented paint coatings, such as varnishes typically comprise an
25 organic polymer binder and various paint additives such as thickeners and flow
additives. Decorative, coloured coatings may additionally contain pigments and
fillers. Such pigments and fillers may be organic or inorganic and are used to

produce both colour and opacity as well as contributing to hardness. The



mai n di sadvant age of these polyners is that the resulting binder solution
Is high in viscosity and consequently coatings or adhesives fornmnul at ed
from t henwosaabdog3 have to be low in solids content in orader/mPo2/iss7
conveniently applicable to the 15 subgtrate. Furthernore, the water
solubility of such binders results in the final dried coating being poor
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pol yneric binder can conprise, for instance the polyacryl ates and

pol ymet hacryl ates usually referred to as acrylics and made usi ng known

met hods by pR&hitues o tleypalyinesicibiider s hhaajes fester bf detemyining thediroperties
met hacrylic acid in water. "The particles nmay alternatively conprise .

pol yur et haneofrihie dry, lsotidnpaint hadting ofThis dscespegialyl 5ol whent khe Jesinta §5icss |
Such nethods can be found in the article hy 25 J. WRost hauser and

K. Nacht kanp exalusiviely\natsolvest hess mathout erosaleng iof CulBgances in Ur et hane
Sci ence and Technol ogy', volunme 10 published in 1987 and edited by

K. C. Frisch and D. Kl enpner, the contents of which article are herein
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15 substrate. Furthermore, the water ‘solubility of such binders results in the final
dried coating being poor in its water and stain resistance. Alternatively, the
dispersion polymers normally comprise sub micron sized particles suspended in
aqueous medium, usually water or water and small amounts of organic solvent.
Such dispersions are also known as latices or emulsions. The particles of
20 polymeric binder can comprise, for instance the polyacrylates and
polymethacrylates usually referred to as acrylics and made using known methods
by addition polymerisation of the esters of acrylic and/or methacrylic acid in water.
The particles may alternatively comprise polyurethane made by known methods-of
reacting polyol with isocyanates. Such methods can be found in the article by
25  J.W.Rosthauser and K.Nachtkamp titled ‘Waterborne Polyurethanes’ in ‘Advances
in Urethane Science and Technology’, volume 10 published in 1987 and edited by
K.C.Frisch and D.Klempner, the contents of which article are herein incorporated

by reference.



handl i ng hazards and the care and contai nment necessary in nmaking these
materials inevitably results in additional cost and consequently the use of
pol yur et pa3mempyed from such i socyanates tends to be |i wctragbor/o3787 gh
performance, specialised coatings only. 15 The pol yacryl ates and

pol ynet hacryl ates, often referred to as acrylic dispersions are also
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use of the termacrylic’includes such copolyners. 25 In order to get the

best bal ahcestage psomilledebeaausa melesulanweightosicreasestasr asresilt) duripgribeirane
and acrylic polyner dispersions are known. These contain partjcles

acrylic pol ymanufasturee gevarthejesspdioy uthet pumesesrafi ¢hiss spagsiigasion t@‘bc‘i%frm
i Sper'si ons. BPSWSBEIDSBdsETIORDSr DL PONrRARAL PR s o Bep PR
POLYTErS 1 oM P RabO PV b Sy Sl ag SRR |
Lnuee e 5 SRR e ko USR8t ip i psseuat
acrylic nat helie tgodyolt e Bdéitidnofthe dnhhefaenire peff theskesocpdmtesr abot anatiosse.
Di spersions containing pol yurethane-acrylic hybrid particles can be nade
by known net hendlingSihazardst hodstheacatse and ueentainmeghi nesgseryt ias Mpdkingthese
speci fi cat Orr]nat’ggﬁéll’s 11%8e’v§t§l())lyp¥gsluilt§hﬁg aidﬁitfa%rai lcols? 82(1)rid tc%(xalsequently the use of
polyurethane derived from such isocyanates tends to be limited to high
performance, specialised coatings only.
15
The polyacrylates and polymethacrylates, often referred to as acrylic dispersions
are also useful polymers as binders in aqueous coatings. A wide range of acrylic
dispersions of differing polymer compositions is available, with properties that are
complementary to those of the polyurethane dispersions, and at significantly lower
20 cost. Monomers comprising the esters of acrylic and methacrylic acid are often
copolymerised with other vinyl monomers such as styrene with the resulting
copolymer dispersions being referred to as acrylic. For the purposes of this
specification it is intended that the use of the term acrylic includes such
copolymers.
25
In order to get the best balance of properties at a reasonable cost, mixtures of
polyurethane and acrylic polymer dispersions are known. These contain particles
of acrylic polymer and separately, polyurethane particles. However, such mixing

produces a physical blend of the separately formed aqueous dispersions of



10 contents of which are herein incorporated by reference. Such agueous

di spersions of pol yurethane-acrylic hybrid particles however are .equally
restrict edoios/os4ves conposi ti on of the pol yuret hane pol yner poratrozasrsbe nade
by virtue of the limted range of isoéyanates commercially available. 15 US
5,001,2 10 describes a nethod of preparing pol yurethane pol yners by
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by virtue of the limited range of isocyanates commercially available.

15
US 5,001,210 describes a method of preparing polyurethane polymers by reacting
a urethane diol with a di- or a polyisocyanate, the urethane diol being prepared by
the reaction of a di- or polyamine and a cyclic carbonate, such as propylene
carbonate. These polymers are suitable for use in biomedical applications.

20  Preparing the urethane diol from these reactants rather than the known route using
polyol and polyisocyanate enables a greater variation of polyurethane
compositions to be made. However, such polyurethane polymers are not useable in
aqueous coating compositions as they are made at 100% solids, that is in the
absence of any solvent or carrier liquid, and consequently cannot be conveniently

25 converted into aqueous particle dispersions for use in coatings. In any case, the
polyurethane polymer does not contain any acid to facilitate dispersion.
Furthermore, the polymer formed is polyurethane, and indeed urea free, rather

than a polyurethane-acrylic hybrid.



particles suitable for use in such conpositions. A further object is to

provi de urethane prepolyners for use in nmaking the pol yurethane-acrylic
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coating conposition containing polyméric binder conprising particles of
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compositions. A further object is t0 provide
urethane prepolymers for use in making the polyurethane-acrylic hybrid polymer
particles.

15 Accordingly, there is provided an aqueous coating composition containing
polymeric binder comprising particles of polyurethane-acrylic hybrid polymer
dispersed in aqueous medium, containing
i) polyurethane polymer, preferably from 0.1 to 75 wt%

ii) copolymer of ethylenically unsaturated addition copolymerisable

20 monomers, preferably from 25 to 99.9 wt%
characterised in that the polyurethane polymer is the reaction product of
a) apolyisocyanate
b) a compound containing at least two moieties reactive with the isocyanate

moieties of the polyisocyanate

25 ¢) a compound containing at least one dispersing moiety and at least one moiety

reactive with the isocyanate moieties of the polyisocyanate
d) achain extender compound
e) a urethane diol, being the reaction product of a cyclic carbonate and a

compound containing an amino group and a further group selected from amino



cost. The particles of polyurethane-acrylic polynmer are hybrid particles
wher eby each 15 particle contains both pol yurethane pol yner and acrylic
pol yner. woases@man be core-shell type particle where one poff/RPoz 13767 yner s
forms the outer portion, or shell of7the particle and the other the inner
portion or core. Alternatively and additionally 'current bun' type
particles can result, where one polyner immscible in a second polyner
exi sts as i ncl ugidhgdroky hiaid prethamd divl ebniphidingses 6m@0ptYeyofthe palywigtrang
particles can also be forned in which the polyners are intimately m xed
wi thin. The prepolgmenature of the particle architecture is determined by
the surface energy characteristics of the pol yurethane and acrylic
polymer. Preferably the polyners are of the core-shell type with the
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The particles of polyurethane-acrylic polymer are hybrid particles whereby each
15 particle contains both polyurethane polymer and acrylic polymer. These can be
core-shell type particle where one of the polymers forms the outer portion, or shell
of the particle and the other the inner portion or core. Alternatively and
additionally ‘current bun’ type particles can result, where one polymer immiscible
in a second polymer exists as inclusions within particles of that second polymer.
20  Hybrid particles can also be formed in which the polymers are intimately mixed
within. The precise nature of the particle architecture is determined by the surface
energy characteristics of the polyurethane and acrylic polymer. Preferably the
polymers are of the core-shell type with the polyurethane portion forming the
shell.
25
The weight average mean diameter of the particles is preferably less than 1000 nm,

more preferably from 30 to 650 nm and most preferably from 60 to 350 nm.



Jeffam neTm EDR- 148, a triethylene glycol diam ne. Exanples of alKkyl
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tri met hylwb,08/03®9hexane diamne and 2,4,4 trinethyl-1, 6 hexarspodizsT ne.
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i ncreased hyupedgen bondi ng between the polynmer chains. It is thought that

t he consequence of this is that inproved coating properties result. WO
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hydroxyl typgeffdmine™ EDR-148, a triethylene glycol diamine. Examples of alkyl substitued

branched diamines include 2 methyl 1,5 pentane diamine, 2,2,4 trimethyl-1,6

15  hexane diamine and 2,44 trimethyl-1,6 hexane diamine. Cyclic diamines may also
be used, such as isophorone diamine, cyclohexane diamine, piperazine and 4,4’-

methylene bis(cyclohexyl amine).

Alkanolamines are compounds containing amine moieties and hydroxyl moieties.
20  Suitable examples of alkanolamines include ethanolamine, propanolamine and 2-

(methyl amino) ethanol. Most preferred are ethanolamine and propanolamine.

Primary amines are preferred and most preferred are ethylene diamine, 1,4 butane
diamine and 1,6 hexane diamine. It is thought that these produce primary
25 urethanes with a hydrogen atom on the nitrogen which results in increased
hydrogen bonding between the polymer chains. It is thought that the consequence

of this is that improved coating properties result.



When an al kanol am ne of general fornula NH2ROH reacts with the cyclic
carbonate only one urethane |inkage results. Where the cyclic carbonate is
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hydroxyls only and yet others will contain one of each hydroxyl type.

15
When an alkanolamine of general formula NH,ROH reacts with the cyclic
carbonate only one urethane linkage results. Where the cyclic carbonate is ethylene
carbonate a urethane diol of general formula HO(CH,),O0CNHROH where n is 2
is formed. In this case the urethane diol may have a secondary hydroxyl group if
20 the hydroxyl on the alkanol from which it was made is a secondary type. Where n
is greater than 2 the same rules that applied to the diamines apply.

The urethane diol used in the preparation of the polyurethane polymer is
preferably the reaction product of a diamine or an alkanolamine with a cyclic

25 carbonate.

Polyisocyanates are compounds having two or more isocyanate groups per
molecule. Suitable isocyanates are aliphatic or aromatic diisocyanates. Examples

of suitable aliphatic diisocyanates include hexamethylene diisocyanate, isophorone



Conpounds of nol ecul ar weight at |east 300 Daltons are preferred. Hydroxyl
functional conpounds containing nore than two hydroxyl noieties can be used
but care woaB/ob®9t aken to avoid crosslinking and hence gelpatrigm2/13vT €
preferred 20 are polynmers of nol ecul aro wei ght at | east 300 Daltons and
containing at least two hydroxyl noieties, or polyols. Suitable exanples

of such polyals include polyester ol yo. et hey 9i;

pol ycar bonat‘glsﬁﬁywtes an&yﬁ%&?ﬁ‘}%eél’faher edég.oc%élg?%et hgﬁ;&g@%ﬁ%&gﬁgemane
pol yest er pok.yal o] d. ¢ Thg;: ly aptetagitvenk eleht y
prepared by %?’ﬁi‘f}%% ygg g?l{ﬁiqé%t [ gﬂ%%@%@?&é@ro%ﬁi aci Els suc\:ﬂﬁﬁajs21 25
adi pi ¢ aci d, giisoepitidia! IExaasples apd dui@ble keomatid diisdcyasated awhelehytblieac
glycol, diethylene glycol, neopentyl glycol and the |ike. The nunber of
hydr oxyl noi éiisoegandrealsoknesmeas THE) nomaallbe nusture of 264 talpenchdiisasyanatgf
mol ar excess of the diol over the diacid. Linear pol yesteijq pgcgi/ol S are
pr ef err ed buandsdfetohrenechisngyanate, ipexylylene sliseaanates .4 phenylang HUiSeryakiS ol

by using a small anount of a triol, such as WO 03/ 05409 | EPQ2 11
trinethyl ol podp@hthylmediigacyanate, di ?I%mea}@n‘? ﬁgswa%@f(@ﬁ%%5$ lr%@%oo
to 10,000 Dalto preferably fram 500 f ONg:, ' I xappy.es
of such pol 9%@?2@?3' pd ydP’g‘?‘i‘%cl ﬁge %gs'figﬁ’r%ﬁgg%tgﬁloe ngltsgé?ﬂr%%%g ((%zrilgai abl e
from Rohm a j & : ﬁﬂﬁ’ﬂzﬂl if 1§isb e

pol ycar bonat gfﬁgclé@%%%tfé@%&bsgl %@g@’saﬁlg as %@g%%%g%&csz%%fsg%%ﬂsab e from

Bayer PLC, Nawhde/theBssdvanuratdlriraérs, alldphatiste whd uiidioabd ef diisuryhmatesudhhe
pol yet her polyols include polypropylene (lg)l ycol and pol ytetranet hyl ene

et her gl y@ol as Ptiefser rdescribeshpabeweof Prefersed o polyisocyanatesy | isalidet Heb ~ §eyans
type include Terathane"m 1000 and, Terathanelm 2Q00 (avail.able...from
DuPont, Del adisecyanats) isophasans digoeyanate, 16,4h@ﬁl5‘39h@é’io‘?’ieﬂ:ﬁmf’ hEiSQEY PP at e

nol ecul ar \/ve\,[gﬂt of e pol yaql. g}eam' e conpounds and dithiol conmpounds
are al so usef M@ﬁﬁ&@%ﬁ TCThe conmpound cont ai ning at | east one
di spersing noiety and at |east one noiety reactive with the isocyanate of
t he pol yi socyanate facilitates dispersion of the 15 particles. Preferably,

the i socyanatpxapfaed bsitiBleéompsuriisidontningta® IdaRetwid foddtidsngactive with the

15 isocyanate moieties on the polyisocyanate include dihydroxyl functional

compounds such as ethylene glycol and hydroxyl terminated butadiene.
Compounds of molecular weight at least 300 Daltons are preferred. Hydroxyl
functional compounds containing more than two hydroxyl moieties can be used
but care must be taken to avoid crosslinking and hence gelation. More preferred
20  are polymers of molecular weight at least 300 Daltons and containing at least two
hydroxyl moieties, or polyols. Suitable examples of such polyols include polyester
polyols, polyether polyols and polycarbonate polyols and mixtures thereof.
Polyether polyols and polyester polyols are preferred. The polyester polyols are
conveniently prepared by normal polyesterification processes from diacids such as
25 adipic acid, isophthalic acid and the like, and diols such as ethylene glycol,
diethylene glycol, neopentyl glycol and the like. The number of hydroxyl moieties
per polyester chain can be controlled by the level of molar excess of the diol over
the diacid. Linear polyester polyols are preferred but some branching can be

introduced into the polyester polyol by using a small amount of a triol, such as



noi ety. The isocyanate reactive noiety serves to chemcally attach the
conpound to the urethane polyner thereby providing good self-emnulsifying
properti ewoiod/os4ve3 absence of external surfactants, althowgh/mpogszsmay be
used if desired. Such external surfaotants are not chemcally reacted with
t he urethane polyner unlike 20 the conpound. The conpound preferably
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t he conpound Ing It 1s pre 500 to 6000 Dal tons, nore
preferably fmepatiafTMo20@P Qv dPablo fivm Muketh] Detawarp) ESAY, inoegobucate the
carryi ng non-ionisable dispersing noieties include nmethoxy pol yethyl ene
gl ycol , pol yatmpeendengtingothe appsaxématel malgdudar preight] @ﬁethgquléwlvzopé s
such as the Synperoni CSTM (avail able, fro Uni Net her | ands), pol yether
diol's, poly(&pponpdsand dihiel epmpawds %Pglﬁowﬁﬂﬁgﬁklr?s%gm?%‘??d;m neTm ED
2003. The pol yurethane pol yner preferably contains from 5 to 30% by

wei ght, nore preferably from7 to 20% by wei ght of the conpound.
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reactive with the isocyanate of the polyisocyanate facilitates dispersion of the

15 particles. Preferably, the isocyanate reactive moiety is different to the dispersing

moiety. The isocyanate reactive moiety serves to chemically attach the compound

to the urethane polymer thereby providing good self-emulsifying properties in the

absence of external surfactants, although these may be used if desired. Such

external surfactants are not chemically reacted with the urethane polymer unlike

20  the compound. The compound preferably carries two isocyanate reactive moieties.

Even more preferably the moieties are amino or hydroxyl. Most preferred is
hydroxyl.

The compound may carry an ionisable or non-ionisable dispersing moiety.
25  Preferably the moiety is ionisable. Where it is ionisable, it is preferred that the
compound carrying the dispersing moiety is of molecular weight less than 300
Daltons. The polyurethane polymer preferably contains from 2 to 15% by weight
of such a compound and more preferably from 5 to 10% by weight. The ionisable

moiety may be acidic or basic. Preferably it is acidic as most materials and



15 term nated pol yoxyet hyl ene are al so useful. These can be made by known
nmet hods, for exanple as disclosed in US 5,314,942 published in 1994 which
i's hereiwoimosmpdrated by reference. Wiere the dispersi n@Cmare?/y375s
ionisable, in order to be effective at2 di spersing the 20 polyner particles
in water it nust be at least partially neutralised with an appropriate
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Exanpl es bf suitable acids include the organic WO 03/ 054093 PCT/ EP02/ 13757
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i socyanat e f yiiéti@n ahcledemaethdxy opdlgethyiher giydol, opelyethylenet ghywel, pediytingner ,
and 10 which is subsequently chain extended by reacting wth thiiq (ihaigrn
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noi eties reaCtive W th the ’exce | socyanate on the urethane
Preferably the dispersing moiety is hydroxyl. Diols containing pendant methoxy

15 terminated polyoxyethylene are also useful. These can be made by known
methods, for example as disclosed in US 5,314,942 published in 1994 which is

herein incorporated by reference.

Where the dispersing moiety is ionisable, in order to be effective at dispersing the
20 polymer particles in water it must be at least partially neutralised with an
appropriate neutralising agent. Where the moiety is an apid, a base is preferably
used to neutralise it. Examples of suitable neutralising bases are alkali metal
hydroxides and amines. Amines are most preferred as they have a minimum
adverse affect on the properties of the dried coating. Suitable amines include
25 ammonia and primary, secondary and tertiary amines such as triethylamine and
dimethyl ethanolamine. Preferably, tertiary amines are used as these reduce the
risk of gelation during the chain extension stage. Where the ionisable moiety is a

base an acid is preferably used. Examples of suitable acids include the organic



prepol yner. Preferred chain extender conmpounds include the di am nes
previously described as suitable for reacting with the cyclic carbonates.
Most prefworsgsawe 20 the water sol ubl e di am nes such as pettBAozmEsdi am ne.
Sui t abl e exanpl es of ethylenically unsaturated addition copol yneri sabl e
nmononers preferably conprise acrylic nononmers. Using the nonencl ature of
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(nmeth)acrylate. Acid functional nononers such as acrylic acid and
met hacrylic can al so be included, although not preferred. Hydroxy

.

functional nArombisatiocof esmpyatdsxsachtdaytyirgrioniy atpgR-demic ameiches B3y Rlsw o3
PCT/ EP02/ 13757 14 hydroxy isopropyl (meth)acrylate can also be included.
Ot her suist atheusedHg ifacilitasd the dispession tﬂ&jpfﬁﬂﬁgﬁers i ncl ude the vinyl
nononers such as vinyl versatate, vinyl acetate, styrene, al pha nethyl
styrene and other styrene derivatives. 5 The coating conposition can

optionally nt.al ot her. additives. f ' g;{-ﬁg ;A0 idsk ONsS.
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as titaniumdioxide, organic pignents, flake picgiglent s .such as_ al um njum
and pear1®scwhich asdsubsequentlyr ehainpextendeds byuseackiag: withs 1he &hain (GACREET de

or a mxture of these qptional]y with other.pignments. 15 Preferably, the
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is from 10 to 200%. Most preferably the polyisocyanate excess is from 25-150%.

15 The chain extender compound must be capable of reacting with the excess
isocyanate of the urethane prepolymer. Suitable examples include water and
compounds with two moieties reactive with the excess isocyanate on the urethane
prepolymer. Preferred chain extender compounds include the diamines previously
described as suitable for reacting with the cyclic carbonates. Most preferred are

20 the water soluble diamines such as ethylene diamine.

Suitable examples of ethylenically unsaturated addition copolymerisable
monomers preferably comprise acrylic monomers. Using the nomenclature of
(meth)acrylate to represent both acrylate and methacrylate, preferred monomers
25  include alkyl esters of acrylic and methacrylic acid such as methyl (meth)acrylate,
ethyl (meth)acrylate, butyl (meth)acrylate, propyl (meth)acrylate, 2-ethyl hexyl
(meth)acrylate and alkoxy poly(oxyethylene) (meth)acrylate. Acid functional
monomers such as acrylic acid and methacrylic can also be included, although not

preferred. Hydroxy functional monomers such as hydroxy ethyl (meth)acrylate and



20 for coating conpositions. The coating conpositions can be applied by
standard techni ques for exanple by brushing, roller, pad, spraying and
bl ade. 25woOhi3®sioayenti on al so provi des an aqueous di sper siPOT/EPORIESNI g
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organic pigments, flake pigments such as aluminium and pearlescent; and

transparent pigments such as transparent iron oxide or a mixture of these
optionally with other pigments.
15

Preferably, the coating composition is a paint coating.

The coating compositions can be prepared by standard methods, for example by
mixing or high speed stirring with pigments and other ingredients that are standard

20 for coating compositions.

The coating compositions can be applied by standard techniques for example by
brushing, roller, pad, spraying and blade.

25 This invention also provides an aqueous dispersion containing polyurethane-
acrylic hybrid particles dispersed in aqueous medium containing
i) polyurethane polymer, preferably from 0.1 to 75 wt%
i)  copolymer of ethylenically unsaturated addition copolymerisable
monomers, preferably from 25 to 99.9 wt%



by free radical polynerisation. Optionally, the neutralising base nmay be
added to the aqueous phase prior to enulsification The enul sification step
requi res woad/osioes ng and is conveniently carried out usi n@CcTAPobigyh7 speed
stirring or a mechani cal honobgeni ser such as a Silverson. Optionally

ul trasound sonic instrunents manufactured by | KA, Ross, M crofluidics,

Sonol at or Or uired
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be determ d bya ?gi)g tkation of the mxing conditions used. WO

03/ 054093 P /EP02 13757 16 The ethylenically unsaturated nonomers can be
pol ymer i sed B)si nga fcoapouadi containing| atrieast whi moietins réantive svitlSthe sbtyamatee
radi cal polymerisation initiators include peroxides such as hydrogen
peroxi de, cunene mpitigserfdhe gelyzsedyanate i ary butyl 5 hydr oper oxi de; azo
types such a 4, 4" azobi s(4- cyanapenta oi ¢ aci

& er sul atﬁ“ﬁ fé t}

pot assi um pefsul pﬁaﬁ%nﬁﬁmldaﬁ%ﬂ%ﬂﬂ gk %%F (S LSPET nge@S i af; 15pS Site
conbi nati ons such_as .ascorbhic and h [ ally, netal
salts such as cofJRa¢ty FEdAYS; o‘s?(Fy&H %&ﬁ&?ﬁﬁﬁf%&ﬁé}s%%ﬁ r edox
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characteri se@di n ?ha12fn?£t&¥&?t(:b9@8§£€he reaction product of a) a

pol yi socyanage b) aﬁd@omm dieNthRirY the radctiodgsbdiovwiMmirlic earborats anda wi t h
the i socyanat'e noieties of the polyisocyanate 15 ¢) a conpound cont ai ni ng
at |east one di speompogndwoataniagchnaamimagtoupnandreiferther gronpt solected dromhe

i socyanate noieties of the polyisocyanate d). a ur et hane di ol t
reacti onlbroduct @mipo @pd| Y,dI@&)’,b@#étuéethﬁ%e diol cOmIIRRE MPnto 108 "thfg’if tan no
group and a furtherbg]I sel ected fromam no and hydroxy, said urethane

di ol conprising up 81fyn% Ye urethane 20 prepolyner. Preferably the
ur et hane prepol yner has sufficient isocyanate noieties to further

The aqueous dispersions containing polyurethane-acrylic hybrid particles are
preferably produced by (a) forming in solvent an isocyanate functional urethane
15 prepolymer which also contains dispersing moieties (b) diluting the urethane
prepolymer in ethylenically unsaturated monomers and neutralising with base (c)
emulsifying the solution of prepolymer in monomer to form an emulsion of
droplets of diameter less than 1000nm dispersed in water (d) chain extending the
isocyanate functional urethane prepolymer to produce higher molecular weight
20 urethane polymer and (e) copolymerising the ethylenically unsaturated monomers
by free radical polymerisation. Optionally, the neutralising base may be added to

the aqueous phase prior to emulsification

The emulsification step requires good mixing and is conveniently carried out using
25  high speed stirring or a mechanical homogeniser such as a Silverson. Optionally
ultrasound sonic instruments manufactured by IKA, Ross, Microfluidics,
Sonolator or Bronson Sonifier can be used. The precise conditions required to
produce an emulsion will depend on the type of equipment used and can be

determined by simple variation of the mixing conditions used.



react with for exanple a diamne to facilitate chain extension. 25 The
invention is further illustrated by the foll ow ng exanples of which

Exanpl es wa @ndioB3 ar e conpar ati ve. EXAMPLE UDI Prepar at i orrcafEpoe/@t/iane Di ol
from Propyl ene Carbonate and Et hyl enet6é 30 Di ami ne WD 03/ 054093

PCT/ EPO2/ 13757 17 To a round bottoned flask fitted with an anchor stirrer,
droppi ng funnel, nitrogen feed and condenser was charged 91. Qg of ethyl ene
diam ne. A nitrogen bl anket was established and the tenperature raised to
50*C whi | st Fhé lethylenicy upSatbfated ndHonRls caar ko polyendvied adaasd frxernldycabver
a period of I hour using a peristaltic 5 punp. An exothermresulted and the
t enper at ur e polynrrisatied ihitiators.e Stitablet freemadibdl polymspisation hsitiatorpanclude e
was reduced to 50*C and the contents held at this tenperature for a
further hourp&rekises sushnas bydrogen petpxide eimaeneahpdraperoxids ped tetianabutylnar d
white solid. Titration of the resjdual am ne showed that. 98, 6% of ad
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198.8g of 1,6 hexané dianiine was used. The resultant urethane diol was a

white solid. Titration of the residual am ne showed that 97 %of it had

reacted wwth__ = . . ) . .
This invention also provides a urethane prepolymer characterised in that it

comprises the reaction product of
a) apolyisocyanate
b) a compound containing at least two moieties reactive with the isocyanate
moieties of the polyisocyanate
15 ¢) a compound containing at least one dispersing moiety and at least one moiety
reactive with the isocyanate moieties of the polyisocyanate
d) a urethane diol, being the reaction product of a cyclic carbonate and a
compound containing an amino group and a further group selected from amino
and hydroxy, said urethane diol comprising up to 80wt% of the urethane
20 prepolymer.

Preferably the urethane prepolymer has sufficient isocyanate moieties to further

react with for example a diamine to facilitate chain extension.

25  The invention is further illustrated by the following examples of which Examples

A and B are comparative.

EXAMPLE UD1
Preparation of Urethane Diol from Propylene Carbonate and Ethylene

30 Diamine



t he et hyl ene carbonate. 25 EXAMPLE UD4 Preparation of Urethane Diol from
Et hyl ene Carbonate and 4,4' nethylene bis(cyclohexyl amne). WO 03/ 054093
PCT/ EPO2/ W®#B/054088 The sane procedure as above was used exoampor/inesy 2 10. 1
g of ethylene carbonate and 244.9 g bf 1,6 hexane di am ne was used. The
resul tant urethane diol was a white solid. Titration of the residual
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same procedure as above was used except that 551.36g of propylene

car bonat e anwag48tablishedfand sthehtempeeatoicardisesl e S0UCS ewhilSthstinriagu324rftg of
urethane diol was a clear solid. Titration of the residual am ne shqwed
that 92.2 % piopylenggarbonaie wad adiled everdy pvep g insredcefr bbaut vsing 3 nersimiie)
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dibutyl. tin dilaurate (DBTDL) as catalyst for the urethane reaction. The
t enper at ur e tdactedewith theptopyleme cadiamett.t o 90*C A

10
EXAMPLE UD2
Preparation of Urethane Diol from Propylene Carbonate and 1,6 Hexane
Diamine
The same procedure as above was used except that the ethylene diamine was

15 replaced by 175.5g of 1,6 hexane diamine.

EXAMPLE UD3
Preparation of Urethane Diol from Ethylene Carbonate and 1,6 hexane
Diamine

20 The same procedure as above was used except that 301.2 g of ethylene carbonate
and 198.8g of 1,6 hexane diamine was used. The resultant urethane diol was a
white solid. Titration of the residual amine showed that 97 % of it had reacted with

the ethylene carbonate.

25
EXAMPLE UD4
Preparation of Urethane Diol from Ethylene Carbonate and 4,4’ methylene

bis(cyclohexyl amine).



25 urethane prepolyner resulted. The tenperature of the contents was held
for I hour after which it was reduced to 75' C and 9.88g of triethylam ne
(TEA) werwoadaemos 41.90g of butyl acrylate and 83. 69g of pawtHPyt/13757

met hacryl ate were added. The soluti o of urethane prepolyner in solvent
and acrylic nonomers was m xed for 30 mnutes, cooled to 30*C and
transferred tiedad ploc8ia!dbdlve WaaedlersSptBACL 1.1 \6F CyREEQABonate

PCT/ EPO2/ 13757 19 contai ni ng 485.08g of demineralised (Dem'n) water under
a nitrogen blaadiXd4. Agdof 16t hexdneididmimervedd usedc dhgenesdtant Dwethare diok wasamsf er
the water was under vigorous agitation using a turbine stiffer rotating at
250- 300 rpm whitd selid rﬂgimtion qu.gmrcsidualmnccshpmed thas 99 %efofdt hgd apacted
diam ne (ED) as chaip extender was added and the 5 tenperature adjusted to
35*C and hel dv{ipthexshylengcabonatee stirrer speed was reduced to 150 rpm To
the emul sj on was added 11.31g of a 10wtl/o aqueous solution of tertiary
butyl hydroperoxide (TBHP) and 1.60g of a IwtQ o aqueous solution of iron
(rrr) EDTA fEWE))Uﬂ .59g of a Iwt% aqueous sol ution of ascorbic acid.
The contents © e reactor were allowed to exothermand the 10 tenperature
i ncreased FOPWI‘&&OEHBF'Ur&%& Piok fFANASPRsFYIERe ChybonRiidid IsdptiRonat ur e
was mai ntained for 15 mnutes before the tenperature of the reactor
contents wer Piamity ((aminé-d,B3 tfimethykcytlohexarierdéhybantine)y| acryl ate and
83.69g of nethyl nmethacrylate were added to the reactor whilst stirring
and stiffed for a further 10 m nutes. An addition of 14.12g of the

S S A TR AT T S i
or 1 MU E50B5aBhof 1888 o PRGBSl 5 oo bl Bt

i ncrease t hedfpdRRrasélesr Slid MerAESH bf the TRHNA aEnink RhEWEH thAIDS Yhef irdadnum
tenperature attai ned was nmaintained for 15 m nutes before the 20 next

addi ti on wasreastbel with thee ptopyldnervatbomdt. t i on of ascorbic acid solution was
made the contents of the reactor was held for 30 m nutes at the peak
tenperature, before being cooled to roomtenperature of about 23*C and
fil teredlg hough 80

EXAMPLE 1
Preparation of Aqueous Polyurethane-Acrylic hybrid Dispersion using UD 1.
To a round bottomed flask fitted with the same equipment as used in the urethane
diol preparation was added 57.75g of N-methyl pyrollidone (NMP) as solvent,
20 57.04g of isophorone diisocyanate (IPDI) available as Desmodur™ I from Bayer
PLC Newbury Berks, UK, 13.11g of dimethylol propionic acid (DMPA), 48.94g
of Bester 120 and 15.67g of Example UD1 whilst stirring under a nitrogen
blanket. Final addition was 0.01g of dibutyl tin dilaurate (DBTDL) as catalyst for
the urethane reaction. The temperature of the contents was raised to 90°C A
25  urethane prepolymer resulted. The temperature of the contents was held for 1 hour
after which it was reduced to 75°C and 9.88g of triethylamine (TEA) were added.
41.90g of butyl acrylate and 83.69g of methyl methacrylate were added. The
solution of urethane prepolymer in solvent and acrylic monomers was mixed for

30 minutes, cooled to 30°C and transferred to a 2 litre parallel sided glass reactor



m cron nylon nesh-. 25 This produced a di spersion of pol yurethane-acrylic

hybrid particles of polyner conposition 35w % pol yur et hane

and 65 wt %

acrylic. woe3spsiogsir et hane conponent conprised in parts bycosrghi3i7s7
i sophorone diisocyanate (IPDI) 42.3, 19Bester 120 36.3, UDH 11.6, dinethylol

propionic acid (DMPA) 9.7 and et hyl ene WO 03/ 054093 PCT/ EPO2

di ani ne (ED)cohaalamé@ 8908 B gxm%&%rsmed (%ﬁ}ﬂf%’fér HaRF adfreR

the particles 1 nm and the non v e content wa
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shown in Table 1. This produced a dispersiaon of polyurethane
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ure use was foll owed except that the
§(]§1ﬁtibﬁl @fdeire (1D FRTA #sllehedvbyi 1. 55206 all wilhiagupowsdsalation wd

gscorbic acid. The contents of the reactor were allowed to exotherm and the
temperature increased to approximately 50°C as a consequence. This maximum
temperature was maintained for 15 minutes before the temperature of the reactor
contents were readjusted to 35°C. A further 41.90g of butyl acrylate and 83.69g of
methyl methacrylate were added to the reactor whilst stirring and stirred for a
further 10 minutes. An addition of 14.12g of the ascorbic acid solution described
above was made following which the contents of the reactor increased. The
maximum temperature was maintained for 15 minutes as before and then adjusted
to 35°C. After this time three more additions each of 7.05g of the ascorbic acid
solution were made to increase the conversion of the acrylic monomers. In each
case the maximum temperature attained was maintained for 15 minutes before the
next addition was made. After the final addition of ascorbic acid solution was
made the contents of the reactor was held for 30 minutes at the peak temperature,
before being cooled to room temperature of about 23°C and filtered though 80

micron nylon mesh.

This produced a dispersion of polyurethane-acrylic hybrid particles of polymer
composition 35wt% polyurethane and 65 wt% acrylic. The polyurethane
component comprised in parts by weight, isophorone diisocyanate (IPDI) 42.3,
Bester 120 36.3, UD1 11.6, dimethylol propionic acid (DMPA) 9.7 and ethylene



25 pol yurethane-acrylic particles: Conparative Exanple A Pol yurethane 20

wt % Acrylic 80 wt % The pol yuret hane conponent conprised, by weight, 30

| PD1 46. 3W00303/0054093 PCT/ EP02/ 13757 21 Bester 120 35. 6 pCDMPA2/i352 ED
1.9 The wei ght average nean di aneter f the particles was 243nm and t he non
volatile 5 content was 37.4 wtl/o. The pH was 6.8. Conparative Exanple B

Pol yur et haney; 33, . iJHte The weiset Saiszecmeng WeahetepoPhes ed,
by weight, Yt (DY Pets'by (RIME THE WUIBHH AR RIERY UheteD) ght
average nearpaHigleEwak 18Bninhdohe nioslvetatile soRRAwas B8l 2 twio.ribire pidIversi1.86. 15

content was 37.6 % The pH was 7.0. TABLE | Exanple | Exanple 2

Conparative Conparative Exanple A Exanple B A Bester 120 48.94 27.67

27.69 47.63 LTD 1 15.67 8.86 UD2 |PD 57.04 32.25 35.97 61. 88
EXAMPLE 2

5  Preparation of Aqueous Polyurethane-Acrylic hybrid Dispersion using UD 1
The same procedure as used in Example 1was repeated except that the weights of
the ingredients (in grams) were as shown in Table 1.
This produced a dispersion of polyurethane-acrylic hybrid particles of the
following polymer composition:
10  Polyurethane 20 wt% Acrylic 80 wt%
The polyurethane component comprised, by weight,

IPDI 423
Bester 120  36.3
UD1 11.6
15 DMPA 9.7
ED 1.9

The weight average mean diameter of the particles was 203nm and the non volatile

content was 38.7 wt%. The pH was 7.7.

20 COMPARATIVE EXAMPLES A AND B
Preparation of Aqueous Polyurethane-Acrylic hybrid Dispersion not
containing Urethane Diol
The same procedure as used in Example 1 was followed except that the weights of
the ingredients were as shown in Table 1. This produced two dispersions of

25 polyurethane-acrylic particles:

Comparative Example A
Polyurethane 20 wt% Acrylic 80 wt%

The polyurethane component comprised, by weight,
30 IPDI 46.3



DVPA 13.11 7.41 12.61 21.70 NwW 57.75 31.06 23.32 40.12 DBTDL 0.01 0.01
0.01 0.01 B Butyl acrylate 41.90 25.90 25.92 41.42 WD 03/ 054093

PCT/ EPO2/W®MBis54082 Met hyl net hacrylate 83.69 51.75 51. 79 ®2T1/A%02/15EA7 9. 88
9.88 9.51 16.36 Dernin water 485.08 8H09.40 517.10 503.59 C Ethyl ene
diarnine 2.57 1.47 1.45 2.50 Derain water D TBBP solution 11.31 13.98

13.99 11.18 Bé%t%\%ﬂ? amegus sol ution Ascorbic acid 10.59 10.58 10.59 10. 42
solution | % ron EDTA 1 wt % 1.60 1.60 1.60 1.60 aqueous solution E

Butyl acryl aD®fBA. 90 7§21 77.79 41.42 Methyl nethacrylate 83.69 155. 22
155.39 82.75 F Ascorbic acid | w% 14.12 14.11 14.12 13.88 aqueous
solution (2)EBscorbic akPd | wt% 7.05 7.05 7.05 6.93 aqueous sol ution (3)

The weight average mean diameter of the particles was 243nm and the non volatile

5 content was 37.4 wt%. The pH was 6.8.

Comparative Example B
Polyurethane 35 wt% Acrylic 65 wt%
The polyurethane component comprised, by weight,
10 IPDI 46.3
Bester 120  35.6
DMPA 16.2
ED 1.9
The weight average mean diameter of the particles was 294nm and the non volatile

15  content was 37.6 wt%. The pH was 7.0.

TABLE 1

Example 1 | Example 2 | Comparative | Comparative
Example A Example B

A
Bester 120 48.94 27.67 27.69 47.63
UD1 15.67 8.86
UD2
IPDI 57.04 32.25 35.97 61.88
DMPA 13.11 7.41 12.61 21.70
NMP 57.75 31.06 23.32 40.12
DBTDL 0.01 0.01 0.01 0.01

B
Butyl acrylate 41.90 25.90 25.92 41.42




Ascorbic acid Iw% 7.05 7.05 7.05 6.93 aqueous solution (4) Ascorbic acid
lwQ' o 7.05 7.05 7.05 6.93 aqueous solution (5) TOTAL 1000. 00 1000. 00
1000. 00 1WOM308409EXAMPLES 3,4,5 AND 6 Preparation of Aque®dI/EP02/13757

Pol yur et hane- Acrylic hybrid D spersio using 5 varying anounts of UD 2. WD

03/ 054093 PCT/ EP02/ 13757 23 The same procedure as used in Exanple |

was

than' dorm ner ol LSa "Ry A0t e[ ug L /b hoeae. JE%?}??nﬁfeqaLaLQZG
rather than ag&€BAbic acid andfi&ﬂon EDTA8%as npt9.Sladded. | ThE6 wei ghtls of the
A N N L U B T A SN S T
17.35 | PDI 3?C25 32.71 36. Off f‘fOnEII.Z r[?l:/Pﬁ\ 2.152 7.90 7 94§ 8 07h NI\/P ?11-63087
55 67 08 66~ VEWGTS EOFACy) BB 137]55°157. 5h K87 5o 19750 TEA . 42 5. 95
6.01 6.08 Demin water
D
TBHP solution 11.31 13.98 13.99 11.18
10wt% aqueous
solution
Ascorbic acid 10.59 10.58 10.59 10.42
solution 1wt %(1)
Iron EDTA 1wt % 1.60 1.60 1.60 1.60
aqueous solution
E
Butyl acrylate 41.90 717.71 77.79 41.42
Methyl methacrylate | 83.69 155.22 155.39 82.75
F
Ascorbic acid 1wt% | 14.12 14.11 14.12 13.88
aqueous solution (2)
Ascorbic acid 1wt% | 7.05 7.05 7.05 6.93
aqueous solution (3)
Ascorbic acid 1wt% 7.05 7.05 7.05 6.93
aqueous solution (4)
Ascorbic acid 1wr% 7.05 7.05 7.05 6.93
aqueous solution (5)
TOTAL 1000.00 1000.00 1000.00 1000.00

EXAMPLES 34,5 AND 6

Preparation of Aqueous Polyurethane-Acrylic hybrid Dispersion using

5 varying amounts of UD 2.



Tap water 514.90 515.14 5.15.11 515.10 C Ethylene diamne 1.36 1.47 1.62
1.81 Tap water 10.30 10.30 10.30 10.30 D TBHP | Om % 7.98 7.98 7.98 7.98
aqueous swbuBiosmoBodi um ascorbate 15.47 15.47 15. 47 15. 47 PClIi/BROSAEqUEOUS
solution (1) WO 03/054093 PCT/ EP02/ 13857 24 I1ron EDTA | w % aqueous
solution E Butyl acrylate 37.07 37.09 37.09 37.08 Methyl nethacrylate

aqueous sol i {oRTEPracelie BRIUTVEREARDR, Pyt o0 sleqht g, cltivihe

sol ution (3) diFfkéhcekOaap O\Qatw%s%e&%@ne@%ﬂrpagmﬂ%raﬁsed-r%ﬁﬁ{ hdcettpge qil
Exanples 3-6 all conpri sed 20 Wt % pol yurethane and 80 wt% acrylic polyner.

5 wt% aqueous solution) was used rather than ascorbic a01d and iron EDTA was not

added. The weights of the ingredients were as shown in Table 2.

5
Table 2
Example 3 | Example 4 | Example 5 | Example 6

A
Bester 120 36.33 29.47 21.64 12.05
UD1
UD2 291 7.86 12.12 17.35
IPDI 30.25 32.71 36.04 40.12
DMPA 8.52 7.90 7.98 8.07
NMP 31.20 31.22 31.22 31.21
DBTDL 0.01 0.01 0.01 0.01

B
Butyl acrylate 68.84 68.87 68.87 68.86
Methyl methacrylate | 137.53 137.59 137.59 137.57
TEA 6.42 5.95 6.01 6.08
Tap water 514.90 515.14 515.11 515.10

C
Ethylene diamine 1.36 1.47 1.62 1.81
Tap water 10.30 10.30 10.30 10.30
D

TBHP 10wt% 7.98 7.98 7.98 7.98
aqueous solution
Sodium ascorbate 15.47 15.47 15.47 15.47
1wt% aqueous
solution (1)




The pol yur et hane conponent of each exanple conprised, by weight, Exanple 3
| PDI 38.1 Bester 120 45.8 10 uUuD2 3.7 DVPA 10.7 ED 1.7 The wei ght average
mean di anwDer3/0ef09s he particles was 154nm and t he non vol atidr&PozestsENt Was
39.7 W% The pH was 7.4. 15 WO 03/ 052093 PCT/ EP02/ 13757 25 Exanple 4

| PDI 41.2 Bester 120 37.1 UD2 9.9 5 DVWPA 9.9 ED 1.9 The wei ght average

306 wt Qo TG LR e ool o 5 | PDI 45| 4 Bestef 120 27 b UDR
15.3 DWVPA 10. hqiémukkolation The |wei ght average neap di anetef of the particles
was 164m and | nt1-was—37-5-w-Ol-o——Fhe-—pH-was{ 7. 4.
Exanpl e 6 E
Butyl acrylate 37.07 37.09 37.09 37.08
Methyl methacrylate | 74.05 74.09 74.08 74.08
F
Sodium ascorbate 8.35 8.36 8.36 8.35
1wt% aqueous
solution (2)
Sodium ascorbate 8.51 8.52 8.51 8.51
1wt% aqueous
solution (3)
TOTAL 1000.00 1000.00 1000.00 1000.00
The particles of Examples 3-6 all comprised 20 wt% polyurethane and 80 wt%
acrylic polymer.
5
The polyurethane component of each example comprised, by weight,
Example 3
IPDI 38.1
Bester 120  45.8
10 UD2 3.7
DMPA 10.7
ED 1.7

The weight average mean diameter of the particles was 154nm and the non volatile
content was 39.7 wt%. The pH was 7.4.
15



20 I PDI 50.4 Bester 120 15.2 UD2 21.9 DWMPA 10.2 ED 2.3 25 The wei ght
average nean di aneter of the particles was 105m and the non volatile
content va® 13954093t O 0. The pH was 7.3. EXAMPLES 7, 8,9 ANPCIXEPOz/ear ati on
of Aqueous Pol yuret hane-Acrylic hybrizh Di spersion using 30 different
anounts of UD 2. WD 03/054093 PCT/ EP02/ 13757 26 The same procedure as used
i n Exanpl es g 54 fol l oned except that the acrylic nononers were not
split into two pbrtions, but rather all added to the urethane prepolyner
first, m xedppid then4gdded to the water and enul sified. The weights of
the ingredients are as shown in Table 3. 5 Table 3 Exanple 7 Exanple 8
Exanpl e 9 BEXBesdrel200 3X.Bester 120 61.84 50.17 36.85 20.51 UDI UD2 4.95
13.38 20.64 29.54 | PD_ 51.49 55.70 61.36 68.31 DMPA 14.50 13.45 13.58
13.74 NwP 53D38 53.13%3.12 53.11 DBTDL 0.01 0.01 0.01 0.01 B Butyl
acryl ate 583.]3&1)%. 76 8?9..35 83.74

ED 1.9

The weight average mean diameter of the particles was 162nm and the non volatile

content was 39.6 wt%. The pH was 7.4.

10 Example 5

IPDI 454
Bester 120 27.2
UD2 153
DMPA 10.1
15 ED 2.0

The weight average mean diameter of the particles was 164nm and the non volatile

content was 37.5 wt%. The pH was 7.4.

Example 6

20 IPDI 50.4
Bester 120  15.2
UD2 21.9
DMPA 10.2
ED 23

25 The weight average mean diameter of the particles was 105nm and the non volatile

content was 39.7 wt%. The pH was 7.3.

EXAMPLES 7,8,9 AND 10

Preparation of Aqueous Polyurethane-Acrylic hybrid Dispersion using

30 different amounts of UD 2.



Met hyl nethacrylate 167.20 167.33 167.31 167.29 TEA 10.93 10.14 10.24
10.36 Tap water 500.77 501.19 501.14 501.08 C Ethylene diarnine 2.32 2.51
2.77 3.08womaps4emt er 10.02 10.02 10.02 10.02 D TBHP | OMPeTEPEH13ASTT 7. 77
7.77 aqueous solution Ascorbic acid 2ewm % 23. 15 23. 16 23.16 23.16 aqueous
sol ution (1) WO 03/ 054093 PCT/ EP02/ 13757 27 Ilron EDTA solution E Butyl
acryl ate Qf | Bofed

aqueous solu |onm§€§{%§%¢eﬁs§l§gllﬁ olé\saﬁge‘gﬁésf%% | ut ?%r?é F%ﬁa$t§ %ﬂg&go 00
1000. 00 1000mBRorheROwWER Atesplirints hes poktidueamnt esthédr A0 Aided aorthe usettiadd

wt o/ o pol yurethane and 65 wwQ' o acrylic polymer. 5 The pol yurethane
conponent - of prepelymex dirst, eniredrpnd sheb, addyd weithyhwater ExdepiudsifieBDl Tisgweights

of the ingredients are as shown in Table 3.

potd

Table 3

Example 7 | Example 8 | Example 9 | Example 10
A
Bester 120 61.84 50.17 36.85 20.51
UD1
UD2 4.95 13.38 20.64 29.54
IPDI 51.49 55.70 61.36 68.31
DMPA 14.50 13.45 13.58 13.74
NMP 53.08 53.13 53.12 53.11
DBTDL 0.01 0.01 0.01 0.01
B
Butyl acrylate 83.70 83.76 83.75 83.74
Methyl methacrylate | 167.20 167.33 167.31 167.29
TEA 10.93 10.14 10.24 10.36
Tap water 500.77 501.19 501.14 501.08
C .
Ethylene diamine 232 2.51 2.77 3.08
Tap water 10.02 10.02 10.02 10.02
D
TBHP 10wt% 7.76 7.77 7.77 7.77
aqueous solution
Ascorbic acid 1wt% | 23.15 23.16 23.16 23.16
aqueous solution (1)




Bester 120 45.8 16 UD2 3.7 DWVPA 10.7 ED 1.7 The wei ght average nean

di aneter of the particles was 17 1 nmand the non volatile content was 3
8.2 wt % Woaspkimwas 6.9. 15 Exanple 8 | PDI 41.2 Bester 120TARP0Y130E)

03/ 054093 PCT/ EP02/ 13757 28 UD2 9. 2DVPA 9.9 ED 1.9 The wei ght average
mean di anmeter of the particles was 218nm and the non volatile 5 content

was 37.8 w %W Ihephld Wdsioh- §- Exanplg 9 IPDI 45.4 Bestpr 120 27.2 10 UD2
15.3 DMPA 1011 ED 2.0 The yeight avdqrage nean dianmeter] of the pafticles

was 250nm and the ndh vol atijle contgnt was 39.8 wt% The pHwas 7. 1. 15
Exanpl e 10 PDl—50-—-4—Best-¢r—3120—3152
Butyl acrylate
Methyl methacrylate
F
Ascorbic acid 1wt% | 8.28 8.28 8.28 8.28

aqueous solution (2)

Ascorbic acid 1wt%

aqueous solution (3)

TOTAL 1000.00 1000.00 1000.00 1000.00

The particles of Examples 7-10 all comprised 35 wt% polyurethane and 65 wt%

acrylic polymer.
5

The polyurethane component of each example comprised, by weight,
Example7
IPDI 38.1
Bester 120 45.8

10 UD2 3.7
DMPA 10.7
ED 1.7
The weight average mean diameter of the particles was 171nm and the non volatile
content was 38.2 wt%. The pH was 6.9.

15
Example 8
IPDI 41.2

Bester 120 37.1



ub2 21.9 20 DVWPA 10.2 ED 2.3 The wei ght average nean di aneter of the
particles was 140nm and the non volatile content was 3 8.7 w(Q' o0. The pH
was 7.3. W0 oBBAMVPLES 11, 12,13 AND 14 Preparati on of AqueOBET/EP02/13757

Pol yur et hane- Acrylic Hybrid D spersi ®8% using G her Polyols and Urethane
Diols, UD3 or UD4. The sane procedure as used in Exanples 3-6 was foll owed.
The wei ghts&cli;)the in dients were as shown in Table 4. 30 Table 4 WO

03/ 054093 P P02/ 137 29 Exanple 11 Exanple 12 Exanple 13 Exanple 14 A
Ter at hane 208pi8- 47 48 $1 91. 26 Desnophen C200 46.93 UD3 15.52 17.26
27.40 UD4 18.66 |PD 56.50 54.12 68.87 54.69 DWPA 12.98 12.44 13.68 6.29
NMP 40.8 40.Bb 58.25 4113 DBTDL 0.01 0.01 0.01 0.01 B Butyl acrylate
42.13 42.18 38.97 42.68 Methyl nethacrylate 84.16 84,25 155 20 85.25 TEA
9.79 9.37 10TBaweight avaage maanrdisostes of §epaticlsswag 2 18nm and the non volatile

5 content was 37.8 wt%. The pH was 7.0.

Example 9

IPDI 454

Bester 120  27.2
10 UD2 15.3

DMPA 10.1

ED 2.0

The weight average mean diameter of the particles was 250nm and the non volatile

content was 39.8 wt%. The pH was 7.1.

15
Example 10
IPDI 50.4
Bester 120  15.2
UD2 219
20 DMPA 10.2
ED 23

The weight average mean diameter of the particles was 140nm and the non volatile

content was 38.7 wt%. The pH was 7.3.

25 EXAMPLES 11,12,13 AND 14
Preparation of Aqueous Polyurethane-Acrylic Hybrid Dispersion using Other
Polyols and Urethane Diols, UD3 or UD4.
The same procedure as used in Examples 3-6 was followed. The weights of the
ingredients were as shown in Table 4.

30 Table 4



Et hyl ene diamne 2.54 2.44 3.10 2.46 D TBHP |

Om % 11. 37 11.38 8.74 11.51

aqueous sol ution Sodi um Ascorbate 10.49 10.50 24.46 10.63 1 wt % agueous

sol ut i on Wb)o3/E09But yl

acrylate 42.13 42.18 42. 68 Met hyl
84.25 85.25 F Sodium Ascorbate 13.98914. 00 14. 17

PetTiEPor/yi7at e 84. 16

| vt % aqueous sol ution
(2) Sodium Ascorbate 6.99 6.99 6.98 7.08 WD 03/ 054093 PCT/ EP02/ 13757 30

rylic
i C

Lmoe@oﬁguggm |Sglnu2 I4§)HSE)S|) u; %Corlgg?e Eﬂég"pge gﬁ gxglglpgb %g Exgﬁvﬁ EZ:lealwcquLeO/Oous
solution (5)|TOTAL 1900. 00 2000. 00 10Q0. 00 100000 The particles o
Exanpl es 11, 12_and 14 conprilsed 35 wt % pol yurethane—and6p—w-O-o—a
pol yner. Exanpleetiizse 200 ai ng 5048496 pql yu‘i%ﬁ]hane ad-2%0 w1/0 acry
pol yner . Desmophen C200 46.93
UD3 15.52 17.26 27.40
UD4 18.66
IPDI 56.50 54.12 68.87 54.69
DMPA 12.98 12.44 13.68 6.29
NMP 40.8 40.85 58.25 41.33
DBTDL 0.01 0.01 0.01 0.01
B
Butyl acrylate 42.13 42.18 38.97 42.68
Methyl methacrylate 84.16 84.25 155.20 85.25
TEA 9.79 9.37 10.31 4.74
Tap water 503.99 503.89 488.94 502.75
C
Ethylene diamine 2.54 244 3.10 2.46
D
TBHP 10wt% 11.37 11.38 8.74 11.51
aqueous solution
Sodium Ascorbate 10.49 10.50 24.46 10.63
1wt% aqueous
solution (1)
E
Butyl acrylate 42.13 42.18 42.68
Methyl methacrylate 84.16 84.25 85.25
F
Sodium Ascorbate 13.98 14.00 14.17
1wt% aqueous
solution (2)
Sodium Ascorbate 6.99 6.99 6.98 7.08




5 The pol yuret hane conponent of each exanpl e conprised, by weight, Exanple
11 IPDI 41.5 Terathane 2000 35.6 10 UD3 11.4 DMPA 9.6 ED 1.9 The wei ght
aver age nwersdsapet er of the particles was 166 ran and thecm@mpo2/vobatile
content was 3 8.7 wtQ o. The pH was 7302. 15 Exanple 12 IPD 39.7 Terathane
2000 35.6 UD4 13.7 20 DVPA 9.1 WO 03/054093 PCT/ EP02/ 13757 31 ED 1.8 The
wei ght aver agj net erf of the p And t he ndn
vol atile cm{?‘é’%%ﬁ}é‘g&“ 8.8 W% The e 13 IPDI [35.5
Ter at hane 2006oldfior)(3) UD3 8. Nt averagel nean
di anmeter of f | ﬁaéent was 3

8.6 W O 0. Theogirmphscorbate

1wt% aqueous

solution (4)

Sodium Ascorbate 6.99 6.99 6.98 7.08
1wt% aqueous
solution (5)

TOTAL 1000.00 1000.00 1000.00 1000.00

The particles of Examples 11,12 and 14 comprised 35 wt% polyurethane and 65
wt% acrylic polymer. Example 13 contains 50 wt% polyurethane and 50 wt%

acrylic polymer.
5

The polyurethane component of each example comprised, by weight,
Example 11
IPDI 41.5
Terathane 2000 35.6

10 UD3 114
DMPA 9.6
ED 1.9
The weight average mean diameter of the particles was 166 nm and the non
volatile content was 38.7 wt%. The pH was 7.2.

15
Example 12
IPDI 39.7
Terathane 2000 35.6
UD4 13.7

20 DMPA 9.1



Exanple 14 15 IPDI 39.7 Desnophen C200 34.1 UD2 19.9 DWA 4.6 ED 1.8 20
The wei ght average nean di aneter of the particles was 108 nm and t he non
vol ati | e won@sd09svas 39.1 wt O o. The pH was 7.6. EXAMPLES PLG/EP02i13787
Preparati on of Aqueous Pol yurethane-Aurylic Hybrid D spersion using
Aromatic Diisocyanate and Urethane Diols 25 Exanple 15 Preparation of
Agueous Pol yRpet hane- Acrylicghybrid Di spersion using UD 2. A slightly
different procedure was used to that of the earlier exanples to enable the
use of the PRt Qleight@véiaBs nidadhmeter D9 eapaticles Wnsd Y wungdhbé honwdlatilesk
fitted 30 with the sane equi pnment as used I n the exanples 3 to 6 was added
90. 67g of WRHIREMSARBR. PERV/EATR/ B Wag 7.82 Bester 120, avail able from Rohm
and Haas Italia, Parona Lonellina Italy, and 24.66g of Exanple UD2 and
54.27 g of TDI (Scuranate T-80 from Lyondell, 13275 Fos sur Mer, France)
whilst stirring under a nitrogen blanket. The tenperature of the contents
was raised tExample e tenperature of the contents 5 was held for 30

m nut es aftﬁiP,Iﬁfi ch a sol Ut%é)ﬁ of 20.05 g of dinethylol propionic acid in
71.76 g of hyl pyrollidone was added. The tenperature was held for a
further hour ' ure ne pre-polyner resulted. The batch

t enperat ure T\?\lt/aaggr?lg l?ggd to”S]g*C. 36.69g of butyl acrylate and 146. 14g of
met hyl nethagipyj ate were aglded over 15 minutes with stirring allow ng the
tenperature to drop to WC 10 and 15.11 g of triethylam ne (TEA) was then
added. The sbIMPAon of pre-pOlyner in solvent and nononers was then

i mredi attla(l)y %j)ansferred to ii 2 litre parallel sided

The weight average mean diameter of the particles was 128 nm and the non

volatile content was 38.6 wt%. The pH was 7.6.

Example 14

15 IPDI 39.7
Desmophen C200 34.1
UD2 19.9
DMPA 4.6
ED 1.8

20 The weight average mean diameter of the particles was 108 nm and the non
volatile content was 39.1 wt%. The pH was 7.6.
EXAMPLES 15 and 16
Preparation of Aqueous Polyurethane-Acrylic Hybrid Dispersion using
Aromatic Diisocyanate and Urethane Diols

25 Example 15

Preparation of Aqueous Polyurethane-Acrylic hybrid Dispersion using UD 2.
A slightly different procedure was used to that of the earlier examples to enable
the use of the faster reacting aromatic isocyanate. To a round bottomed flask fitted

30 with the same equipment as used in the examples 3 to 6 was added 90.67g of



gl ass reactor containing 498.34g of dem neralised (Dem n) water under a
nitrogen blanket and fitted with a reflux condenser. During the transfer

t he wat erwgas/os«nsler . vi gorous agitation using a turbine IYEPE2/1376T at i ng
at 250-300 rpm A fine 15 enulsion re®ulted and to this a solution of 4.08g
of ethylene diamne (ED) in 9.77 g of water as chain extender was added

and the te”%@eggf%"%aa%g%lgﬂ]ﬁBﬁhoﬁ?E@ afd B8 1th1fa0 'PatondT BiietBna TR, Sdrd T er

speed was re r enmul sion was added 7.57g of a lOM O o

aqueous sol ul4igyd of Hx@niplaryDRuind 582dr eRs ORI (ScufahBdPT -8 drod? I58adel, a |
wt % aqueous soO i on of 'sodi um ascorbatée. The contents 20 of the reactor

were al |l oned32g5eFos hwar mMiard Rrancd)e mbdlisatstirdng nodease dnittogem pplankdtnakhs y
60*C as a consequence. The tenperature of the reactor contents were
readj ust ed ttempbrafireAf thercdnsents st fataeddp @) Gshhetemperagugiod thasoptans e

Cerper o+ o ROt Shcar A v enin SITE AT RN AT
D 2 Aei T L s RO bRIEaRE b Bodi e BB g e
W0 031 054004 PN AHOE" 24 WRRade pic SR TRE Pk KPRt o
was_repeat edyaStddicdd ' 6@ Y60 ofi)ﬁtgr&ﬂ"yﬁ[btz&ld146.94%6$)ne%§y13hah®criymté abl e

5. Table 5 Exanple 15 Exanple 16 A Béster 120 90.67 90.67 UD2 24.66 UD5
24.66 TDl S#efaddéd dver 15 minutes with stirring allowing the temperature to drop to 34°C

10  and 15.11g of triethylamine (TEA) was then added. The solution of pre-polymer in
solvent and monomers was then immediately transferred to a 2 litre parallel sided
glass reactor containing 498.34g of demineralised (Demin) water under a nitrogen
blanket and fitted with a reflux condenser. During the transfer the water was
under. vigorous agitation using a turbine stirrer rotating at 250-300 tpm. A fine

15  emulsion resulted and to this a solution of 4.08g of ethylene diamine (ED) in 9.77
g of water as chain extender was added and the temperature adjusted to 35°C and
held for 15 minutes. The stirrer speed was reduced to 150 rpm. To the emulsion
was added 7.57g of a 10wt% aqueous solution of tertiary butyl hydroperoxide
(TBHP) and 22.58g of a 1wt% aqueous solution of sodium ascorbate. The contents

20 of the reactor were allowed to exotherm and the temperature increased to
approximately 60°C as a consequence. The temperature of the reactor contents
were readjusted to 35°C. An further addition of 8.08g of the sodium ascorbate
solution described above was made. The dispersion was then cooled to room
temperature of about 23°C and filtered though 80 micron nylon mesh.

25
This produced a dispersion of polyurethane-acrylic hybrid particles of polymer
composition S0wt% polyurethane and 50 wt% acrylic.

Example 16
30 Preparation of Aqueous Polyurethane-Acrylic hybrid Dispersion using UD 5.



B DMPA 20.05 20.05 NWP 71.76 71.76 C Butyl acrylate 36.69 36.69 Methyl
nmet hacryl ate 146. 14 146.14 TEA 15.11 15.11 Tap water 498.33 498.33 D

Et hyl ene wWoawgios®9st. 08 4.08 E TBHP | OmM % 7.57 7.57 aque®aI/Epobag7son

Sodi um Ascorbate 22.58 22.58 | wt % aspueous solution (1) F Sodium
Ascorbate 8.08 8.08 WO 03/054093 PCT/ EP02/ 13757 34 |w % aqueous sol ution
(2) TOTAL 10pg: 49A8 rbcedﬁ?@ a@ﬂfsbd%%aﬁp]ﬂ%@b@&eﬂ&tﬁldm Eﬁh@m@élgﬁ@dofﬂ
wt % pol yur et hane ané) 50 wt% acrylic polymer. The pol yuret hane conponent of
each conpri siagredisnty\@n geams) dSchopieinitableéDl. 28.0 Bester 120 46.8

Table 5
Example 15 | Example 16
A
Bester 120 90.67 90.67
UD2 24.66
UDS 24.66
TDI 54.27 54.27
B
DMPA 20.05 20.05
NMP 71.76 71.76
C
Butyl acrylate 36.69 36.69
Methyl methacrylate 146.14 146.14
TEA 15.11 15.11
Tap water 498.33 498.33
D
Ethylene diamine 4.08 4.08
E
TBHP 10wt% 7.57 7.57
aqueous solution
Sodium Ascorbate 22.58 22.58
1wt% aqueous
solution (1)
F
Sodium Ascorbate 8.08 8.08
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5 Example 15

TDI 28.0
Bester 120 46.8
UD2 12.7
DMPA 10.4

10 ED 2.1
The weight average mean diameter of the particles was 80 nm and the non volatile
content was 37.8 wt%. The pH was 8.5.
Example 16

15 TDI 28.0
Bester 120 46.8
UDS5 12.7
DMPA 10.4
ED 2.1

20 Thc weight average mean diameter of the particles was 158 nm and the non

volatile content was 35.4 wt%. The pH was 8.78.

Testing of Coatings

Wine and coffee stain resistance



15 instant black coffee solution was placed on a | week old filmdried at
room tenperature and a plastic cup full of 80 ms of boiling water pl aced
on top. Twios/opase3l eft for 24 hours before being renmoved aod/EPog1xef f ee
washed off. The filmis then assesse# for staining and bl ushing according
to the followi ng rating schenme. Rating I Very heavily and permanently

mar ked/ st ai gﬁﬂ?y bR "%Fg*ﬂn%% ]ﬁlml ?@:‘a g/e3EMﬁr€$tR| é(nlgﬁtBa'\ﬁlﬁ@

Rating 4 Li al ned ne Stail est e sanple
of dried coagdmi@riedsoRioaagedndevhiatddss agf fpighaited fitels fobdMadneks ahd of
red wine was placed on a frim covered wth a watchglass and left for 24
hours bef or thehaiesigtaneerto wincant ¢offeerdtaias andbsdibetibelome filmis then
assessed for staining according to the following rating system 30 Rating
| Very heavily and per manent | y mar ked/ st ai ned WO 03/ 054093 PCT/ EP02/ 13757
36 Ratin y stai ne ting 3 Mdderately stained Rating 4 Lightly
st ai ned ‘-l%atIEgr@ﬁ“bﬁ %HP w@%ﬂe for assessing hardness of the dry
films. One coat of each of the solvent adjusted dispersions was drawn down
on glass using a 200 mcron Doctor blade. The filnms were left to dry for 7

days at anbi t 40' C
Ha?/dness vvasPEI%%esdure fg}%%élrl 'g%‘ﬁﬁ%‘?@ﬁﬁg‘?ﬁ?@%ﬁ l?l chsen Model
299/ 300 pendThynidvel e metsl epyxfomlnnEr ifeh sin thdVBidlgund tiade- 66 1icD-1HBrd
Henmer - Sundwi g, Gernmany Table 6

dispersions was adjusted up to 10 wt%.

10
Procedure for assessing unpigmented films for resistance to coffee stains.
Three successive coats of the solvent adjusted dispersions drawn down on
hardboard using a 200 micron Doctor blade with a minimum of 8 hours between
coats. The films were left to dry for 7 days under ambient conditions. 2 mls of
15 instant black coffee solution was placed on a 1 week old film dried at room
temperature and a plastic cup full of 80 mls of boiling water placed on top. This
was left for 24 hours before being removed and the coffee washed off. The film is
then assessed for staining and blushing according to the following rating scheme.
Rating 1 Very heavily and permanently marked/stained
20 Rating 2 Heavily stained
Rating 3 Moderately stained
Rating 4 Lightly stained
Rating 5 Unmarked

25  Wine Stain Test
The sample of dried coating was prepared as for the coffee stain test above. 1 ml
of red wine was placed on a film, covered with a watchglass and left for 24 hours
before being removed and the wine washed off. The film is then assessed for
staining according to the following rating system.

30 Rating 1 Very heavily and permanently marked/stained



Exanpl e Hardness Hardness Hot Red after ageing after ageing coffee Wne
at anbient at 40T tenp. (secs) (secs) 1 131 138 3 3 2 143 167 3 2 3 120
143 4.5 5wo430249443 4 5 5 136 158 3 5 6 118 140 1 3 7Pi2&PIAR7373 8
146 147 3.5 4 9 149 149 4 4 10 99 1% 3 3 11 106 136 55 12 131 124 5 5
13 838333 14 - - - WD 03/054093 PCT/ EPO2/ 13757 37 15 16 Conparative

142 140 2 2 | e QR”TS ak Lye 155 149 1 2 Exanple B The dried coats

derived frorrl1{ | ersié_rlls [1) epéaﬁléd/d usi ng urethane diols have in 5 nost

cases superiRitifd 3 N N@dUSafI;Stat¥®¥ the Conparative Exanples A and B.
Rating 4 Lightly stained

Rating 5 Unmarked

Procedure for assessing hardness of the dry films.

One coat of each of the solvent adjusted dispersions was drawn down on glass

using a 200 micron Doctor blade. The films were left to dry for 7 days at ambient

temperature, of about 23°C and separately at 40°C. Hardness was measured
10  according to DIN 53157, using an Erichsen Model 299/300 pendulum hardness

tester from Erichsen GMBH and Co. KG, D-5870 Hemer-Sundwig, Germany

Table 6

Example Hardness Hardness Hot Red

after ageing | after ageing | coffee | Wine

at ambient at 40°C

temp. (secs)

(secs)
1 131 138 3 3
2 143 167 3 2
3 120 143 4.5 5
4 125 143 4 5
5 136 158 3 5
6 118 140 1 3
7 123 115 3 3
8 146 147 35 4
9 149 149 4 4
10 99 156 3 3
11 106 136 5 5
12 131 124 5 5
13 83 83 3 3
14 - - - -




WO 03/ 054093 PCT/ EPO2/ 13757 38 Cains 1) An aqueous coating conposition
contai ning polyneric binder conprising particles of polyurethane-acrylic
hybrid powgmsnsdpsper sed i n agueous medi um contai ni ng 5 iPCTEPOyw76t hane
polymer ii) copolyner of ethylenicall3 unsaturated addition copol ynerisable
nononers characterised in that the pol yurethane pol ymer conprises the
reaction product of [1&) a pol)isocyanatfe 10_.b) a] conpojind _conf ai ni ng at

| east two noieties feactive wilth the siocyanate ! nnieties of he

pol yi socyanate. c) al@orrpound contai ning at -l easf one (i spersjng noiety and

at | east one noiety Chﬁﬁg_réﬂv\ée Wt e E gﬁ?"at E-TIpi el es, of the
un

pol yi socyanate d) a n ext gnder conp a ur et hane diol, being
t he reaction product Emeflnraeﬁycl i ¢ carbon te and al conp )und coht ai ni ng an
am no group and a fu LIIUI selgcted— —anTho ety Xy, sai d
ur et hane di ol conpri E}E” to q\?\f% of thlégpol /urét h<1ne2ypo ymer. 2) A
coating conposition EzammdBng to claimfl characterised|in that the

di spersing 20 noi ety—+s—hen—+er-sable—3)—A-—coatrg—ednapesi on accordi ng
to claim1 characterised in that the dispersing noiety is ionisable. 4)
coating conposition according to any one of the preceding clains
characterised in that the pol yurethane-acrylic hybrid polyner conprises
from 25 0.1 to 75 wt % of pol yuret hane pol yner and from25 to 99.9 w % of
copolynmer of ethylenically unsaturated copol yneri sabl e nononers. 5) A

coating conpThetdrivd esutodetived Hrom Mispidord pidpardd asiagiiithahaididls have in

5 most cases superior stain resistance over the Comparative Examples A and B.




characterised in that the coating conposition is a paint coating. W

03/ 054093 PCT/ EP02/ 13757 39 6) A coating conposition according to any one
of the prwoadiosgosl ai ns characterised in that the conpoumrdTmEPor/ad3787 ng an
am no group and a further group is s# ected fromthe group of conpounds
conprising diam nes, al kanol am nes and am ne term nated polyamdes. 5 7) A
coating conpegjikon according to any one of claims I to 5 characterised in
that the conpound containing an am no group and a further group is selected

fromthe gropp Aef agRERAULEStISE GmhSdsiteore dntamag dhélihieeic bindebudomnsrising

di am ne, 1,6 "hexane di am ne, ethanol am ne and propanol am ne . 8) A coating
conposi ti on acpartitiewof polgusetivane-adrylid Ayl peljiey dispersed inlkgueoes metdam sed
in that the cyclic carbonate is selected fromthe group conprising

gl ycerol carbogsan@miaghyl ene carbonate, propyl ene carbonate and butyl ene
carbonate. 9) A coafing, conposition according to any one of the preceding
claims charHcter P8 rgfha@m@lm pol yi socyanate is selected fromthe group

4 4" i cycl onihyl AGPRIMET cbt SBRSARRRDL | SRRARETEF, SbpRR T B Rmere i one

bi s(phenyl isocyanaffimerd0) A coating conposition according to any one of
the preceding clains cehar acterised in that the conpound with at |east two

noi eti es r eaghdri€erbddintthet the polyiastiate polydidresmpristdthepodotionqupducttof is a
polyol. 20 11) A coating conposition according to claim 10 characterised in
that the pol gpla palgisacyanateest er pol yol or pol yether polyol of nolecul ar

wei ght from 300 to 10,000 Daltons. 12% A coating conposition according to
any one Y t Bk Hhrempennd contaiping ahleast twioi modeties reagkve rth dhe dseryana

Feactive wi th HOGRR) HRALMRBNERAES of 'the  polyi socyanate 15 a df hydroxy
al kanoi ¢ aci gy 3 compound containing at least one dispersing moiety and at least one moiety
reactive with the isocyanate moieties of the polyisocyanate

d) a chain extender compound
15 e) a urethane diol, being the reaction product of a cyclic carbonate and a
compound containing an amino group and a further group selected from amino
and hydroxy, said urethane diol comprising up to 80 wt% of the polyurethane
polymer.
2) A coating composition according to claim 1 characterised in that the dispersing
20 moiety is non-ionisable.
3) A coating composition according to claim 1 characterised in that the dispersing
moiety is ionisable.
4) A coating composition according to any one of the preceding claims
characterised in that the polyurethane-acrylic hybrid polymer comprises from
25 0.1 to 75 wt% of polyurethane polymer and from 25 to 99.9 wt% of copolymer
of ethylenically unsaturated copolymerisable monomers.
5) A coating composition according to any one of the preceding claims

characterised in that the coating composition is a paint coating.



13) A coating conposition according to any one of the preceding clains
characterised in that the ethylenically unsaturated addition

copol ynerweablosso9sronomer s conpri se the al kyl esters of acmrpgiiRPOaNGYS7

met hacrylic acid. WO 03/054093 PCT/ EP®2/ 13757 40 14) A coating conposition
according to any one of the preceding clains characterised in that it also

contains i ndged eglaing®BiipBlitohO ML sIait Q8P anf R | oF e ! BRELARE Celaims

nodi fiers, xes, croSslinkers, dispersants, ow aids, a

tackifiers, plapbiaetesRES in Rhatcthdasompuugidesdrftaialig in lahéns gréupl ahd Anfiatiegous
di spersi on contai ni ng pol yurethane-acrylic hybrid particles dispersed in

aqueous medi umgroup aisnselgetell fiwiny uthet Igamep pafl wompounds cegmopysieg dfamines,
ethylenically unsaturated addition copo‘lg%mari sabl e nononers characterised
in that the polajkanslamines ped pmine ieompatedpolypaidesact i on product of 10 a) a

pol yi socyanate p) a.conpound .containing at | east .t leti,es reactive with
][ he ![ socyggahe R (FORdRG eamppsififg aﬁﬁ?‘?ﬂ%ﬁ&%ﬁ&@@ﬁ @)f Clﬁ%”ﬁlpg%ﬁdiémﬁ%ﬂsﬁﬁda at
east one disp . | eas e e | .

i socyanat e noi éf’?gee@go@@i‘ﬁsgﬁ%?@%%a a%lg?%g{gﬁba C %%‘%{t%@a&lg g%ltr‘}g%ﬂ nd
e) a urethane digh, i ' o?ﬁﬂ'fs f | dism$f. PPaabatmed a

conpound cont a?f](ls}%gﬂ%ﬁ gg%lﬁngﬁ‘grrcgﬁ%bgﬁ% g;r rt%%%) eélﬁy()lg%@scgl ect éd from am no

and hydroxy, saligmitecth@hexaticadiating etisinotantipe aad Peopantaphinthe pol yur et hane
pol ymer. 20 16) A process of preparing the dispersion of claim15

conpri sing (8) Aocoating iconsmisuteont axgording ywnany boecof ohel precedingnelaims

prepol yner which also, contains dispersjng npieties (b) diluting the |,

ur et hanel®r epol Shaeactsrisedin fhat the sy¢lic ¢ashamate i sedectesh By theteup FIBPFSINEs| ng

with base glycerol carbonate, ethylene carbonate, propylene carbonate and butylene

carbonate.

9) A coating composition according to any one of the preceding claims
characterised in that the polyisocyanate is selected from the group comprising

15 1,6 hexane diisocyanate, isophorone diisocyanate, 4,4’dicyclohexyl methane
diisocyanate, toluene diisocyanate and methylene bis(phenyl isocyanate).

10) A coating composition according to any one of the preceding claims
characterised in that the compound with at least two moieties reactive with the
isocyanate moieties of the polyisocyanate is a polyol.

20 11) A coating composition according to claim 10 characterised in that the polyol
is a polyester polyol or polyether polyol of molecular weight from 300
to 10,000 Daltons.

12) A coating composition according to any one of the preceding claims
characterised in that the compound containing at least one dispersing moiety

25 and at least one other moiety reactive with the isocyanate moieties of the
polyisocyanate is a dihydroxy alkanoic acid. |

13) A coating composition according to any one of the preceding claims
characterised in that the ethylenically unsaturated addition copolymerisable

monomers comprise the alkyl esters of acrylic and methacrylic acid.



25 (c) emulsifying the solution of prepolyner in nononer to form an
emul sion of droplets of dianeter |ess than 1000nm di spersed in water (d)
chai n extwodBpgtobhe i socyanate functional urethane prepol yaarePoo1yspduce
hi gher nol ecul ar wei ght urethane pol y4%er and WO 03/ 054093 PCT/ EP02/ 13757
41 (e) copolymerising the ethylenically unsaturated nononers by free

radical  pol ey S odbhodibh CALRREGT B O TBhc CORIAE | Siek st lalat 11

conpri ses the reac on°pro pol'yfsocyanate b) a co ound

containing at keaakttetiéed TR flat 66 dlﬁﬁ%bhta‘i‘ns/\ﬂlﬁ%“redlfeﬁtsi seleMadafrom e giroes Of
the polyi socyanate c) a conpound containing at |east one acid noiety and at

| east one npi etymprieagt iheolomitdd mddifiess)oyaxeas erosslinkefse sligpfersants, flow aids,
pol yi socyanate 10 d) a urethane diol, being the reaction product of a

cyclic car bonanptieoama, tackificosy plastioisersi hmgiearplgments Tand a further
Shek ST e i Gp oo RS BERS B BRI e
dispersed in aqueous medium containing
1) polyurethane polymer
ii) copolymer of ethylenically unsaturated addition copolymerisable monomers
characterised in that the polyurethane polymer comprises the reaction product of
10 a) apolyisocyanate
b) a compound containing at least two moieties reactive with the isocyanate
moieties of the polyisocyanate
c) a compound containing at least one dispersing moiety and at least one moiety
reactive with the isocyanate moieties of the polyisocyanate
15 d) achain extender compound
e) a urethane diol, being the reaction product of a cyclic carbonate and a
compound containing an amino group and a further group selected from amino
and hydroxy, said urethane diol comprising up to 80 wt% of the polyurethane
polymer. '
20 16) A process of preparing the dispersion of claim 15 comprising
(a) forming in solvent an isocyanate functional urethane prepolymer which also
contains dispersing moieties
(b) diluting the urethane prepolymer in ethylenically unsaturated monomers and
neutralising with base
25  (c) emulsifying the solution of prepolymer in monomer to form an emulsion of
droplets of diameter less than 1000nm dispersed in water
(d) chain extending the isocyanate functional urethane prepolymer to produce

higher molecular weight urethane polymer and
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() copolymerising the ethylenically unsaturated monomers by free radical
polymerisation.

17) A urethane prepolymer characterised in that it comprises the reaction product
of

a) apolyisocyanate

b) a compound containing at least two moieties reactive with the isocyanate
moieties of the polyisocyanate

c¢) a compound containing at least one acid moiety and at least one moiety
reactive with the isocyanate moieties of the polyisocyanate

d) a urethane diol, being the reaction product of a cyclic carbonate and a
compound containing an amino group and a further group selected from amino
and hydroxy, said urethane diol comprising up to 80wt% of the urethane
prepolymer.



