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 40C. 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

permanently stain the dried, .solid coating,if not i rgredi tely renmpved
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wi t hout ¢@osslinking or curing. There are many types of aqueous bi nders
suitable for formul ating agueous coating conpositions. Broadly, they may
be divided i bisers eParchitecturdlquints prefer tas useiaiquaous y@ings beaause thew have §ersi on

polymers. The sol ution polyners are so naned because the binders.are
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unpleasant odours.

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

inits water and stajn resi.stance. Alternatively, .the dispersio I rs
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usual ly water. or t and | 1 t . i ent. Such

di spersi ons Qg@eﬁ‘gﬁ%etm%&ﬁ@gﬁfoam%ﬁ%goa?lhggr%ﬁﬁ?g(lgg{r%ssslbglﬁée%bart icles of 20
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 may alternatively conprise
pol yur et haneofralie dry, lsolidnpaiat haatingf Thiedst ¢spgeislyyse wharh the dqajrin slriss .
Such nethods can be found in the article hy 25 J. WRost hauser and

K. Nacht kanp exalusiviely\natsolvest hess mathout erosalgng iof CilBgances 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
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each particle conprise a mxture of closely associ ated pol yurethane and
acrylic nat heie tgodyolt 1 Bdditidnpfthe dnbhefactite poff theskesorgdmtasedisbo immives.

Di spersi ons contai ni ng pol yurethane-acrylic hybrid particles can be nade
by known net hendlingSihazardst hodstheacatse and ueentainmeghi nesgseryt ias Mpdkingthese
specificat] 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, 210 descri bes a nmethod of preparing pol yurethane polyners by reacting
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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
hybrid powegmsrs4gparticles. 15 Accordingly, there is provi ;ed/ER02/asfaBOoUS

coating conposition containing polyméric binder conprising particles of
pol yur et hane-acrylic hybrid polynmer dispersed in aqueous nedi um

containing i) . polyurethane polyner, preferably from?0 . I
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03/ 054093 PCT/ EP02/ 13757 7 and hydroxy, said urethane diol conprising up

to 80wt % of th | t h . | . .Th hout f.hi A4 f | -and
u gl ess ot ge r&ﬂgﬂ?? é)cé}égirtﬁlﬁ é’g‘? "'eqt‘t‘)%iQ@ ;{%;%‘@EE %gﬁc?og.lg 3:83611% %9%@? &kl&*‘% ?Eéfrl]tges 0
d . tants in . the si | ' '
dar 11 onal | yASRASIRE ¥ peyrRfhedti iy bREIRCHRIE Lbbions produce
The advant ag@%%(ﬁgo%ggg gﬁ@g{aﬁtepﬁggﬁémei'e?spémml;omrasik)ﬁ,owat@caauuswﬁ résistified. t he

properties o abrasion, water and stain resistance in
particul gy i AnofHer tdb?edt%@o@‘roﬁiﬂbrdismﬁbhmgf,pohylﬂemhgcméﬁyharhybyld pplyoesd.
Additionally, they offer a w der range of pol yurethane-acrylic¢c hybrid

di sper si ons patticlesbsuitable feraysman|sac

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

I h ' f ] hell,, 2 h '
o aet or ot itgope RS SbAdn b ion Ffnyers s Sl A Y5 20 5e WiBlhstond 1
[ om 30,19, OSB3 coREhEHE B Yed AR B0 uicAiARRLP e MRARAAARGALe

PCT/ EPO2/ 137 abl'e e es of conpoun taining an am no group

and a furt heradﬁftﬁﬂﬁlly%ﬁﬂ%ﬁbﬂﬁ_tiﬁré@[fhﬁﬂﬂu% cndidvotpounds e rettgards.am nes,
al kanol am nes and anine term nated pol yam des or pol yethers. M xtures of
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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 alkyl
substitued branched diamnes include 2 nethyl 1,5 pentane diamne, 2,2,4
tri met hylwb,08/03®9hexane diamne and 2,4,4 trinethyl-1, 6 hexarspodizsT ne.
Cyclic diam nes may al so be used, su8h as isophorone diam ne, cycl ohexane
di am ne, piperazine and 4,4'- nmethyl ene bis(cycl ohexyl am ne).
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et hanol am ne "and propanol am ne. Primary am nes are preferred and nost

preferred argmginaiddepslydiniddsnes palyéthes. aviexturbsasli siechacoimpodndsesamelsdi ke ne.
It is thought that these produce primary 25 urethanes with a hydrogen atom
on the nitraged. which results in increased hydrogen bondi ng between the

pol ymer chains. It is thought that the consequence of this is that

i nproved Scoating properties result. WO 03/054093 PCT/ EP02/ 13757 9
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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
et hyl ene woashsswat e a uret hane diol of general fornula HOPCHAPH2/OOENHROH
where nis 2 is fornmed. In this case9the urethane diol may have a
secondary hydroxyl group if 20 the hydroxyl on the al kanol from which it
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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:, | t.abl xappy.es
of such pol 9%@?2@?3' pd ydP’g‘?‘i‘%cl ﬁge %gs'gw%ﬁ@]ed eg:?%%go%(lgva?ﬁabl e
from Rohm a j & : ﬁﬂﬁ’ﬂzﬂl if 1§isbpyaiates

pol ycar bonat gfﬁgclé@%%%tfé@%&bsgl %@g@’saﬁlg as %‘2@%%3%‘3 Sd&%goﬁﬁ?%\;ﬂasi | able from

Bayer PLC, Nawhsde/theBssdvanuratdlriraérs, alldphatiste uhd uiidioabd ef diisurghmatesudhhe
pol yet her polyols include polypropylene (lg)l ycol and pol ytetranet hyl ene
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di spersing noiety and at |east one noiety reactive with the isocyanate of
the polyisocyanate 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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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
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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

.
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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
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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
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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,
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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
pairs are usgd. 1 ' o provides a urethane prepol yner
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
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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 @andioB3 ar e conpar ati ve. EXAMPLE UD1 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

50C whi | st sThé retidenidgtly 2hs@ratdd ardHdRE s Cahbedn poBmyérised fxentadiaver a
period of 1 hour using & peristaltic 5 punp. An exothermresulted and the

t enper at ur e pelynerisatied ihiiators.eStitablet freemadibfl polymepiCatidih énitiatguerintlude was
reduced to 50C and the contents held at this tenperature for a further
hour before petiontflesomichdasahydiogen peexide ecumene bydroperoside ard dertiar bkl e
solid. Titragion of the residual am ne showed that 98.6%of. it had ,reacted
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Et hyl ene Car bona and 1, exane am n sane pfroce e as above
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Titration of the residual am ne showed that 97 %of it had reacted with
10 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 sanme procedure as above was used excampor/nes7 210. 19
of ethyl ene carbonate and 244.9 g of171, 6 hexane di am ne was used. The
resul tant urethane diol was a white solid. Titration of the residual am ne

showed that §g a%bpﬁ%i})té)tnﬁﬂfédr%%g dm‘b?%‘:)y h6F Sr&N Ar éﬂgﬁ"ﬁﬂ m LE
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Di am ne (5- affledQmd, SortiehsérWwh xhaiped SHe@ e stiylsie diiniiag. Alniflogess dianket
procedure as above was used except that 551.36g of propylene carbonate and

448. 64 g of wapmstabliskedliaadithe termperstent. raiseel tee SO awhilstr stitningp 324i58 ofas a
clear solid. Titration of the residual am ne showed that 92.2 %of it .had
react ed wi t hpropzlepesayhanate was sdded evenly ovrnameriod of bbannusiag agretisgiltious

[l ack 11 3 ccPURDNADrexcibort sl Bant (e l?«%éﬁ ofuEe 6 RaRLRRe AOgperween

i 7 ' 20
57 0g of 1 sHORBRCHECan v SeaRtariierFmid 4 0RE 0 Al BRI 5 mic
B PLC i e ' ,
16 ong of BeareyRGTds thiherboul bOloRe bE R o i el el 31 oot
ni trogen bl ankdiard Wbl sokidd Titraton\eithe redidualf anding whivet ithatd)8.6%r oft i had

(DBTDL) as catalyst for the urethane reaction. The tenperature of the
cont ent s wasreasteslestith thedpropslene carbonate.

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 1 hour after which it was reduced to 75C 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 nononers was m xed for 30 m nutes, cooled to 30C 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 hexdnwididmimervedd usedc dhgenesdtant Dwethare diok wasamsf er
the water was under vigorous agitation using a turbine stirrer rotating at
250- 300 rpm whitd selid rﬂgimtion qu.gmrcsidualmnccshpmed thas 99 %efofdt hed apacted

di am ne (ED) as, chai exten%er was added and the 5 tenperature adjusted to
35C and hel dwlgptl@cﬁtgylﬁm@gr_ OfPE- stirrer speed was reduced to 150 rpm To
the emul sjon was added 11.31g of a 10wt % aqueous solution of tertiary
butyl hydroperoxide (TBHP) and 1.60g of a |Iw % 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 FOPW&ﬂoﬂabFWre'iﬂ&@ﬁDi%l TPsiRCRESp¥Aene DArbdiieé MHa Iécpherbakur e
was mai ntained for 15 mnutes before the tenperature of the reactor

cont ent s wer Biambty ((saminé-d,BS ErinfethylcyclohexXdndfethyl amihg) acryl ate and
83.69g of nethyl nmethacrylate were added to the reactor whilst stirring
and stirred for a further 10 m nutes. An addition of 14.12g of the

ascorbic,acid solution described,15 above s mad o] 1 .Qui ich the
content S101 THE FAIEE APCFHER cBRahOve RS ki ETRePLrgEt aoirRbndt FOPHIEned
for 15 m nut r ' t ' [ ee
nore additi oﬁ%bgg%tgq_gﬁ 54%% %Eﬁhﬁgﬂg@%ﬁg%&%cg’ggugg’uﬁeo%&kg?@ lEﬁrrgtdﬁeaﬁllt_réo

i ncrease thedfppRwRrStiesr slid. MorAsdn bf the TEQGA 'amink 3h6Wed thAFRQ YNef aradmum
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 nmesh: 25 This produced a di spersion of polyurethane-acrylic
hybrid particles of polyner conposition 35w % pol yuret hane and 65 w %
acrylic. woe3spsiogsir et hane conponent conprised in parts bycosrghi3i7s7

i sophorone diisocyanate (IPDI) 42.3, 19Bester 120 36.3, UDl 11.6, dinethyl ol
propionic acid (DMPA) 9.7 and et hyl ene WO 03/054093 PCT/ EP02/ 13757 20

di am ne (ED)cohaalahié@ %8853(%%& HXw‘ﬁ?érQl"ﬁed ifYF e eRE adfitrgped Hinkeeae] of

the particles 1 nd the non volatile content was .2 Mm% The pH

was 7.06. ExdéPhith’a efRiepeiddnken Durifguke uanstol vhe whtenrveasApider ivegdrgbs i d
Di spersion using UD 1 The same procedure as used in Exanple |was reﬁeat ed

except that agimtioniugirgsa thrbinenstirrergrotatingrats2 0+ HQGrpmsd fing emulsiarhesanlted,
part i ci es ofandys, (o B8 HepHIopRERaBIEII Forha X RORL B HdE] 200ho;
ATy, 50 Y TG RO SN S COBANE EOR B LN sl
oL areter of 5oar o RuietarE e Va VRRKCIE5L4 Br PI0MEN afiust. T
oy s o ) SRR a0, (1BAT by oo gl
the ingredi egdlativgof ifsh EMDVIBDTA Telldwed. by T 39gooHdubetds taguediss palntiomnd of
ascorbic acid. The contents of the reactor were allowed to exotherm and the
10  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
15 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
20 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.

25 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

| PDI  46. 3Wo0303/0054093 PCT/ EP02/ 13757 21 Bester 120 35. 6 pcDNPA2/1652 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 wt% The pH was 6.8. Conparative Exanple B

Pol yur et haney;3m;i q 7 heaeragyens Wiammeepof sied, by
wei ght , 109(}1%%}%4@@.@’:E?étaglr%%%g?%t%%\%%g2 ED 1.9 The wei ght average

mean di anmet ?Karﬁéleh kes 188hincdmeistheawn 2atile aontehtwasndd2 wot?at TheepH Mascbobb.ent
was 37.6 % The pH was 7.0. TABLE 1 Exanple 1 Exanple 2 Conparative

Conparative Exanple A Exanple B A Bester 120 48.94 27.67 27.69 47.63 UD1
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 Derain water 485.08 8H09.40 517.10 503.59 C Ethyl ene
diamne 2.57 1.47 1.45 2.50 Derain water D TBHP solution 11.31 13.98

13.99 11.18 ng?g ?@qaqug) s solution Ascorbic acid 10.59 10.58 10.59 10.42
solution | w %1 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 Iwt% 14.12 14.11 14.12 13.88 aqueous
solution (2)EBscorbic akPd 1 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
lw% 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 1 was

fol | owed exce ] g dift Encep p wWat ¢ S used rat her

t han dem nera |M§'{e}:19rn{e gcrg% gégodrébate Ti%wt% alu?guq sol E%?%n) was| used
rather than ag&BAbic acid and 9i&80n EDTMWas npt9.5ladded. | Th&6 wei ghtls of the

i ngredi ents we trowm—n—k btet2-ExenpteTs 4 Exanpl e
5 Exanpl e 6 PCEBEVE 150 36| 4;.l8§l6§9 RE AN S R A e ek
17.35 | PDI 3:)c25 32.71 36. 04 40.12 |DVPA 8.5p 7.00 7.94 8.07 NV 31.20

31.22 31.22 3 1 0 01 0103001

‘ k= 01 01041 —o* H—adf ate—68—84 68. 87
68. 87 68. 86 v@ﬁWVPcﬁ%Wﬁ%cry 23T 137|505 5b T 26 137 1o b 4 5 o5

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. 14 515.11 515.10 C Ethylene diamne 1.36 1.47 1.62
1.81 Tap water 10.30 10.30 10.30 10.30 D TBHP 10w % 7.98 7.98 7.98 7.98
aqueous swbuBiosmoBodi um ascorbate 15.47 15.47 15. 47 15. 47 PCI/BRO¥AEqUEOUS
solution (1) WO 03/054093 PCT/ EP02/ 13857 24 I1ron EDTA 1 wt % aqueous
solution E Butyl acrylate 37.07 37.09 37.09 37.08 Methyl nethacrylate

aqueous sol i {oRTEPracelie BRIV EREARDR, Pyt oOyid sleqht g, cltiihe

sol ution (3) qiFEkéhces0qQ O&)atw%s%e&%@ne@%&@@@nﬂ%ﬂmdp@édluﬁﬂ ﬁ’s%of:ﬁate (1
Exanples 3-6 all conpri sed 20 wt % pol yur et hane and 80 wt% acrylic polynmner.

5 The pol yur etWsaqpieoaspolucioh) ohs asshrathearthire asoontpiciasbandoyyonEDIPA 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)




Exanple 3 IPDI 38.1 Bester 120 45.8 10 UD2 3.7 DWPA 10.7 ED 1.7 The

wei ght average nean di aneter of the particles was 154nm and t he non

vol ati | e woastoesws was 39.7 wt% The pH was 7.4. 15 WO 03/ ®e40%82/13757

PCT/ EPO2/ 13757 25 Exanple 4 |IPDI 41242 Bester 120 37.1 UD2 9.9 5 DWA
9.9 ED 1.9 The wei ght average nean di aneter of the particles was 162nm and
the non vol at il e oVas [39. 6 WL %[ The pH Was 7. 4. 1P Exanpl e|5 | PDI
45. 4 Bester jé%nﬁ?g}‘ MS.S DMPA 0.1 15 ED 2.0 The i ght average
mean di anet er |afuédus splatibn cl e§ was 164nm and thel non volajile confent was
37.5 wt% The : ple 6 20 PDI-50.4

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



Bester 120 15.2 UD2 21.9 DMPA 10.2 ED 2.3 25 The wei ght average nean

di aneter of the particles was 105m and the non volatile content was 39.7
w % The wd osms4093 3. EXAMPLES 7,8,9 AND 10 Preparati on of PAqQUEPORI$S3757

Pol yur et hane- Acrylic hybrid D spersio using 30 different anmounts of UD 2.
WO 03/ 054093 PCT/ EP02/ 13757 26 The same procedure as used in Exanples 3-6
was foll owe ﬁiﬁﬁ%t“that the acrylic nononers were not split into two
portions, but  rather all added to the urethane prepolynmer first, mxed and
t hen added tjppyihe wat e &and enul sified. The weights of the ingredients are
as shown in Table 3. 5 Table 3 Exanple 7 Exanple 8 Exanple 9 Exanple 10 A
Bester 120 @esBt 120. 13736.85 20.51 UD | UD2 4.95 13.38 20.64 29.54 | PDI
51.49 55.70 61.36 68.31 DMPA 14.50 13.45 13.58 13.74 NW 53.08 53.13
53.12 53.11 UDBTDL 0.00.9.01 0.01 0.01 B Butyl acrylate 83.70 83.76 83.75
83.74 Nest hyﬂ)l\/{’i}a“{hacr yl9a.1§e 167.20 167.33 167.31 167.29

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.



TEA 10.93 10.14 10.24 10.36 Tap water 500.77 501.19 501.14 501.08 C

Et hyl ene diamine 2.32 2.51 2.77 3.08 Tap water 10.02 10.02 10.02 10.02 D
TBHP | OMWOO3/084093 77 7.77 7.77 aqueous sol ution Ascor bi c paaraPot/ w736 23. 15
23.16 23.16 23.16 aqueous solution (Z) WO 03/054093 PCT/ EP02/ 13757 27
Iron EDTA solution E Butyl acrylate Methyl nmethacrylate F Ascorbic acid

| wt % 8. 28 8. hQm | ' i 9
sol ution (S)ﬁ%c%ﬁé R%ﬁ%&ggaa%g%ﬂégi%g 0 D’.l%é(r)g %(%%f%%%gc%%r% pfijt(}:llldté\tshéJo%‘C?‘:QW@OuS

Exanpl es 7- JfoRbhe&OWBrd A6Uspilt ittPtwe Ipouticis) e rathdr & audded tachy irethane
polymer. 5 The pol yuret hane conponent of each exanpl e conprised, by weight,
Exanpl e? | PQirep@lyiner Biest; erixddand thed added to the water and emulsified. The weights

of the ingredients are as shown in Table 3.

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)




16 UD2 3.7 DVPA 10.7 ED 1.7 The wei ght average nean di aneter of the
particles was 171nm and the non volatile content was 3 8.2 wt% The pH was
6.9. 15 Bwanplos4083 1 PDI 41.2 Bester 120 37.1 WD 03/ 054093 PeTHPEROZ513757
28 UD2 9.9 DMPA 9.9 ED 1.9 The wei git average nean di aneter of the
particles was 218nm and the non volatile 5 content was 37.8 wt% The pH
was 7.0. ExafRleeBTaFutda- Bester [120 27.2 | 10 UD2 1pb.3 DWA 10.1 ED
2.0 The wei ght average neanldianeter jof the particles was 250nm and t he non

volatile coptent wads 39.8 Ww% The gH was 7.1. 15 Exanple 10 |PDI 50. 4
Bester 120 1p—2—UB2-21-9
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



20 DMPA 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% The pHwas 7.3. 25
EXAMPLES W0,0328540% AND 14 Preparation of Aqueous Pol yur et haoesser/yd7sT Hybri d
Di spersion using O her Polyols and WUset hane Diols, UD3 or UD4. The sane
procedure as used in Exanples 3-6 was followed. The weights of the

i ngredi ents e as sh in Table 4. 30 Table 4 WO 03/ 054093

PCT/ EPO2/ 137 29 Exarfpl e 11 Exanple 12 Exanple 13 Exanple 14 A Terat hane
2000 48.47 48)\iiA91. 26 d@snophen C200 46.93 UD3 15.52 17.26 27.40 UD4
18.66 |PD 56.50 54.12 68.87 54.69 DWMPA 12.98 12.44 13.68 6.29 NWP 40.8
40. 85 58.25 BD. 33 DBTL90.01 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

10. 31 4.74 Thepweghtaveage atcanciameten of tlepaticleywas 2l e gpayoatile 54
2.44 3.10 2.46
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



D TBHP 10wt % 11.37 11.38 8.74 11.51 aqueous sol ution Sodi um Ascor bate
10.49 10.50 24.46 10.63 |w % aqueous solution (1) E Butyl acrylate 42.13
42.18 42.\@80MB‘shy3 nmet hacryl ate 84.16 84.25 85.25 F Sodi wmerAoniizate 13. 98
14.00 14.17 | wt % aqueous sol ution (@) Sodi um Ascorbate 6.99 6.99 6. 98
7.08 WO 03/054093 PCT/ EP02/13757 30 |w % aqueous sol ution (3) Sodi um

Ascorbate 6. §976.99 6. 98 7 whRR1d R | Bedhp@asicor bat e
6.99 6.99 6.98 7.08 Ivvt%acueousﬁlyéso?uloﬁ*b?%?p I'OTALB1000 00 18
1000. 00 1000{00 Thesparticlies of Exanples 11,12 and 14 cpnpri sed 3b wt %

pol yur et hanefand 65 wt % acdylic polys rpl-e—3—contpi-ns—50—w0
pol yur et hane | detatlBo0e @008 acrlyl i 48-401 yrfer . 4851 91.26
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




The pol yur et 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 w% The pH was 7.230 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 Nd the no
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 | 6ent was 3

8.6 W% The|priiiasAscogbatey

1wt% aqueous

DVPA 7. (

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



15 IPDI 39.7 Desnophen C200 34.1 UD2 19.9 DWPA 4.6 ED 1.8 20 The wei ght
average nean dianeter of the particles was 108 nmand the non volatile
content va® 39549t % The pH was 7.6. EXAMPLES 15 and 16 Pcampoatszen of
Aqueous Pol yur et hane-Acrylic Hybrid Diispersion using Aromatic Diisocyanate
and Urethane Diols 25 Exanple 15 Preparation of Aqueous

Pol yur et haneEﬁcryI ic hybrid ? spersion using UD 2. A slightly different
procedure wasS used to that of the earlier exanples to enable the use of
the faster reReielitht AVEraBE nfeanSdifMefRLE thelParticled wild I8ofirhameddhé hes kofatilé ed
30 with the sane equi pnent as used in the exanples 3 to 6 was added 90. 67g
of WO 03/ 05468 eMdsEFR At 3y, The 2 wBsStEr 120, avail abl e 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) whil st
stirring under a nitrogen bl anket. The tenperature of the contents was

rai sed t o soExample Qrperature of the contents 5 was held for 30 m nutes
after which gl ution of Zé) 85 g of dinmethylol propionic acidin 71.76 g
of N-net hyl W | I'i done was Sa ded. The tenperature was held for a further
hour at 60C. pre | ymer resulted. The batch tenperature was
reduced to 53%3“@%?9890f bﬁj'?/l acrylate and 146. 14g of nethyl nethacryl ate
were added oygy3 15 mnutes goth stirring allowi ng the tenperature to drop
to 34C 10 and 15.11 g of triethylam ne (TEA) was then added. The solution
of pre-pol yntBMPA sol vent A0d nmononers was then imedi ately transferred to
a2 litre parallel sided glass reactor containing 498.34g of dem neralised
(Denin) ¥t eEDunder a nitrobén

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



bl anket and fitted with a reflux condenser. During the transfer the water
was under. vigorous agitation using a turbine stirrer rotating at 250-300
rpm A fiwe 03bsaozl sion resulted and to this a sol ution ofrcA/EM8y137657
ethylene diamne (ED) in 9.77 g of wter as chain extender was added and
the tenperature adjusted to 35C and held for 15 mnutes. The stirrer speed

was reduced egﬁ}?%rd} %bq;a%l%/'@etﬂ ERehS 9 eﬂ\%? éﬂ%&?@aﬁﬁ7loﬁ{ell@rﬁ Qa0 afgueous

sol ution of hydr oper oxi and 22.58g of a I'm %

aqueous sol i g f Fxatipla @DosRAEE.27TROCTDI g8taradfteoT-8(dronedgtondelier
al l owed to exothierm and 'the tenperature increased to approximtely 60C as

a consequendsg273hBos esupeMuryrFranfe)t ilse atirdng amdeena snitregee bleakdtusthed t o
35C. An further addition of 8.08g of the sodium ascorbate solution
descri bed aldemperaasrefdthe cimdents syasrraissd tactd ChEhe derapergture of dhgncontents

br oducod Sa. obewigitonsdmigBioy afisr NE ASPINoR A0 A E LS OB R ror
Pr epar at | on 1 AUbate PoNrEoR SEkdPs VAS hdsd” T ERReGDR v teld Gy s
4023105203 FEMETAL A%, ¥ foiols PUSREr g, Tt piagmlena
5. Table 5 EyxgdRId8cdPtd30TR!3%.6% of biR§Pi@Y1ale?sh PG T4 0f GrethylietBdcrgate UDS
24.66 TDI 54.27 54.27 B
were added over 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.



DVMPA 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 | Om % 7.57 7.57 aqueowsT®Po2ri37en Sodi um
Ascorbate 22.58 22.58 1 w % aqueous 3olution (1) F Sodium Ascorbate 8.08
8. 08 WD 03/054093 PCT/ EP0O2/ 13757 34 |w % aqueous solution (2) TOTAL 1000
1000 The parfiebfie ProdeiPlasust@ ianskahiple ATPWhS eebdaledvudmpothy ukeighanef and
50 wt% acrylic polymer. The pol yuret hane conponent of each conprised, by
wei ght 5 Exanptediehbs (iDigratfis)as shesirein title 546. 8 UD2 12.7 DWPA 10. 4

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




10 ED 2.1 The wei ght average nean di aneter of the particles was 80 nm and
the non volatile content was 37.8 wt% The pH was 8.5. Exanple 16 15 TDI
28.0 Beswero3h20936.8 UD5 12.7 DWPA 10.4 ED 2.1 20 The peaiRPo2/1ESEr age
mean di ameter of the particles was 158 nmand the non volatile content was
35.4 wt% The pH was 8.78. Testing of Coatings Wne and coffee stain

resi stance WO 03/ Q94Q4%3addedusEP02/ 13757 35 The di spersijons of Exanples 1-10
and Conparative Exan}?‘lfes A and B lwere convefted to cogtings and eval uat ed
as dry, unpi gment d¢ofition€2) or har finess and their resigtance to wine and
coffee stains as describedbetow 5 The Tesufts are sngwn in Table 6
Procedure for pregdaring dry, unpi gnented filps for evaljuation. The |evel of
N met hyl pyrollidgngpfgt, alT the pol yypgs hang-acrodoi ¢ hybrid di spersions
was adjusted up td 10 w% 10 Procedure for assessing inpignented filns for
resi stance to cofflee stains. Three successiye coats off the sol vent

adj ust ed di sper si ors—erawr—down—eh—hardbeartd—ustng—a—200 m cron Doct or

bl ade with a m ni mum of 8 hours betvveen coats. The filns were left to dry

f 7 d d f b K f 0
sol ut oﬁyilagplﬂaer eficls oL EXamiblas 13 g 16 riiteed S WPa A wEHREs a68PU G
plastic cup UHhc%ol%efpﬁe%olﬂﬂ’e{Haﬂg cOfipShed! T%56h EOmphiBed, by Weight

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

1s 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



was |eft for 24 hours before being renoved and the coffee washed of f. The
filmis then assessed for staining and bl ushing according to the follow ng
rati ng scwers/s4Bati ng 1 Very heavily and pernmanent|y nar ed/rpoaisved 20
Rating 2 Heavily stained Rating 3 Mygferately stained Rating 4 Lightly
stained Rating 5 Unmar ked 25 Wne Stain Test The sanple of dried coating

was prepar ed‘\[ﬁ? diflerdibis G2 S rnél%é“lnl?leﬂ%td gﬁﬁra{tl]venﬁ%(arﬁf)leﬁeﬂ MWMB Wte

pl aced on a covered with a watc eft hours before
bei ng r ermVe@blﬁJ%ﬁer’t@ dtatif y\@ﬁ@%@aﬁfafed ﬂ'd”lﬁr}f iunpidraertB@ filassfos $aeideds and
stai ning according to the %ol | owi ng rating em 30 Rating 1 Very heavily
and pernanenthej/rreaistaﬁdﬂ&mwﬁmmd/@ﬁéHﬂM@ﬁgdmﬁfoE@(bzlcmBE? 36 Rating 2
Heavily stained Rating 3 Mdderately stained Rating 4 Lightly stained
Rating 5 Unmarked 5 Procedure for assessing hardness of the dry filnms. One
coat of eac ;gf th sol vent a rﬁg di spersi ons was drawn down on gl ass
using a 200 £ o ByLablee i ns were left to dry for 7 days at
anbi ent terrperature, of about 23C and separately at 40C. Hardness was
measured 10 according to DIN 53157, using an Erichsen Mddel 299/300

pendul um har nﬁ)ﬁ 870
Hener - Sundwi g%@r“n‘lﬁﬁ ﬁ%ﬁ%ﬂﬂ%ﬁ@ E‘gﬁg dneﬁggl s%ﬁ 8@29?—& Red after
agei ng af t er Thgelevel csff Neeméthiyd pyrollidone for all the polyurethane-acrylic hybrid

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



at anbient at 40C tenp. (secs) (secs) 1 131 138 3 3 2 143 167 3 2 3 120
143 4.5 5 4 125 143 45 5 136 158 3 5 6 118 140 1 3 7 123 115 3 3 8

146 147 3wb 04/0589449 149 4 4 10 99 156 3 3 11 106 136 5PeT/EPA2/1¥37124 5 5
13 8383 33 14 - - - WO 03/054093 3CT/ EPO2/ 13757 37 15 - - - - 16 - - -
- Conparative 142 140 2 2 Exanple A Conparative 155 149 1 2 Exanple B The

dried coats | ved fr ' yons prepared using urethane diols have in
5 nost caseslq%lijﬂ ?i or @{an{ill r@é%tance over the Conparative Exanples A and

B. WD 03/ 054Ra$n$T/ ERIBGATEY stadfed

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 - - - -




Clainms 1) An aqueous coating conposition containing polyneric binder
conprising particles of polyurethane-acrylic hybrid polyner dispersed in
aqueous nwdimsms40ednt ai ning 5 i) pol yurethane polymer ii) eop@ErPywes7sDf
et hyl eni cal ly unsaturated addition copol yneri sable nonomers characterised
in that the pol yurethane pol yner conprises the reaction product of a) a
pol yi socyanate 10 b)7&a conpourjd contarning at Tepst.twp naiefj es reactive
with the isocyanatel mieties !of the 1Qc\ll yisocyanhte ¢} a canpound
containing at | east|dhe disperlsing-noiety and at||east|one nojety reactive
with the isocyanate e —thg, potyTs anafe &) charm| ext ender
conpound 15 e) a urtaﬁﬁ%]n&éé@iéol, bgig?'ng the ?lggcti bn %rojuc'? of[a cyclic
carbonate and a cofrpsammpde Aont|ai ni ng an| ami no grpup and a fur}fher group
sel ect ed from am no[=and—hydroxy; eurethane—phtol—cpnprsi—stng up to 80
W % of the pol yur et hSREPa lé’leymer. 15? A coat1i4gg carrp%si {i of actording to
claim1 characterise¢@ixianiplé Bat |t he di spersing 20|noiety is nop-ionisable.
3) A coating conposit+en—acecordi-rg—to—elarmi—eharactetised—+n that the
di spersing noiety is ionisable. 4) A coating conposition according to any
one of the preceding clains characterised in that the pol yurethane-acrylic
hybrid pol ymer conprises from 25 0.1 to 75 w % of pol yurethane pol yner and
from25 to 99.9 wm % of copolynmer of ethylenically unsaturated
copol yneri sabl e nononmers. 5) A coating conposition according to any one of
the precedi nThe! dHieth codtd AeATES ok disperdibad prdparsdPasing hire®Ane Widls Havesina
pai nt coating. WO 03/054093 PCT/ EP02/13757

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




39 6) A coating conposition according to any one of the preceding clains
characterised in that the conpound containing an am no group and a further
group i s welsosadsfromthe group of conmpounds conprising ®CarmPOE$3757

al kanol am nes and am ne term nated po¥syam des. 5 7) A coating conposition
according to any one of clainms 1 to 5 characterised in that the conpound
cont ai ni ng a(ljlamno group and a further group is selected fromthe group
of conpounds conpri sing et hylene dianm ne, 1,4 butane diamne, 1,6 hexane

di ani ne, et hpnalrigREnEN SoRiNP AWM FINItISh -coBlaiding OpslyRgricobhwist tdomprising

according to any one of the preceding clainms 10 characterised in that the
cyclic carbonaparticdessef palyecttiianeradriléc bylbrig polymueridispegsedghyasiaecols medivunat e,
et hyl ene carbonate, propylene carbonate and butyl ene carbonate. 9) A
coati ng conposicoh@miagcordi ng to any one of the preceding clains

characterised in that the polyisocyanate is selected fromthe group
conprising H5 1, @Ogé‘i%(-gé‘lﬁp‘i)@manat e, isophorone diisocyanate,

4, 4" di cycl ohexyl nethane dijso nat tol uene, dji at ene
bi s( phenyl iggcyaﬁgP@WqO)oA ggﬁ?mﬁaeib'onﬁ'&g? a(t)%d a%@gﬁg):ﬁng%?ga ny g%%lleof

the preceding claifis, ngg}ﬁract erised in that the compound with at |east two
noi eties reactive w tOh the 1isocyanate noieties of the polyisocyanate is a

pol yol . 20 1@harActefigdd idGhsohib Podlhirethané polyicr goinpriceaibrrdsctivnapradbetrofsed in
that the polyol is a polyester polyol or polyether polyol of nolecular

wei ght from 8D@ palgistCyadae Dal t ons. 12) A coating conposition according to
any one of the preceding clains characterised |n that the coppaund

cont ai ni My ab) 1%gempenad wontainngngt deastitivo pwiglies reactivg 3yithy ke JPeRANA ot y

reactive with the. '%.soc%/) nate .noieties of the polyisocyanate is a di hydroxy
al kanoi ¢ aci d. PCUES BLUCIRPYE8REE8Y% i on according to any one of the

precedi ng cl @) MPeoARNRE b6iithiiffly hf1daiPond lip&isihY HBIcER abd ot Nt BAE uSlety

addi ti on copof yneri
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.



nmononers conprise the alkyl esters of acrylic and nmethacrylic acid. WO

03/ 054093 PCT/ EP02/ 13757 40 14) A coating conposition according to any one
of the prwoadiosgezl ai ns characterised in that it al so comcaiEPe2isrgr edi ents
selected fromthe group conprising riveol ogical nodifiers, waxes,
crosslinkers, dispersants, flow aids, anti-foans, tackifiers,

pl asti ci Ser sg) % ?e‘%ﬁgﬁ’e."g@?’y flof %eéorgid QS aPyLS o &ntﬁagg&eédiﬁgse&mgon

containing p I c hybri articles dispers I N aqueous

nmedi um cont ai nich@raclerided &' tRithdhe ecop@pduielr cortainih@pat vineno @rows hud enfiaeidry
unsaturated addition copol ynerisable nononmers characterised in that the
pol yur et hane p@ryugerisc selpcted e fronh ethee zcoup nofprcothpotind$ comgpriging diamines,

pol yi socyanate b) a conpound containing at |east two noieties reactive with
t he i socyanat e alkasiotamiaes and amsngs polyeRides. a conpound cont ai ni ng at

| east one_dispersing noiety .and at |east one noiety. reacti.ve with.the

i )socyana%% rr@D e{icgé ’%3 F?IHB%&}PW@B%E%E‘&% 0g¢§ Of ciadgﬁsﬁ g‘i(ﬁéﬁ’ﬁ@'ctt%ﬁgdﬂgd

e) a urethane | e reactio u a
Commound. cont aringeanniihend SoriAfignth SRRt Bloup'a £¥Gihd ABAAIFSLIECAHI o
and hydroxy, satglnu g‘?&?p | HSi ; Y I hane
pol ynmer. 20 16?%%?%:: SS o?dfglrcgp rlfﬁ%ﬂd@;ﬁ’ﬁép@éﬁi’%ﬁfl&ﬁ(ﬁmﬁ !L)% butdne
conprising (a) digmine)d,bhegalevdiaming etis@olmiiat and propanohmhing!. et hane

prepol ymer which also contains dispersing noieties (b) diluting the

ur et hane preBplAmeoating aronypositiaral docgordisgt tor snyd onenofrethe  prasedmgutolainissi ng

with base 25 (c) enulsifying the saolution of prepolyner in nononer to. form
an emul si®n of charagierised i thatitheeydic sasbenate is selessh from s HTQWR| COMPHISING,

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.



(d) chain extending the isocyanate functional urethane prepolyner to
produce hi gher nol ecul ar wei ght urethane pol yner and WO 03/ 054093
PCT/ EPO2/W®1B8/054041 (e) copol ymerising the ethylenically ursatrpozizd?
nmononers by free radical polynerisat4oon. 17) A urethane prepol ymer
characterised in that it conprises the reaction product of 5 a) a

pol yi socyang{&i wmc?ogfiﬁggg%iﬁggﬁga% g‘%&io?&ngt td SRS oﬁé‘noﬂmh@hélrgéediﬁgcélia}’rﬁs Wi th

t he i socyan yl socyanate“c) a conpo contai ni ng at

l east one aci dcHirage¥iséddnathat GRSisP ROt ingredieast solectedt froihehé saoppnat e
noi eties of the polyisocyanate 10 d) a urethane diol, being the reaction

product of a cyemipgising feoksgicalmiodifiersy wmesdcrossiinkiers, wispensaats, ftovgraddsy and
a further group selected fromam no and hydroxy, said urethane diol
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5 15) An aqueous dispersion containing polyurethane-acrylic hybrid particles
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.



