WD 02/ 31021 PCT/ SG01/00192 1 "LOWVOC POLYOL ALKYD DI SPERSI ONS AND
PCLYUREIW%NEBHBQSPERSICNS" THE PRESENT | NVENTI ON relatespkgﬂkﬂwhxbglative
or gani ¢ conpoun (VOC) polyol al kyd di spersions and pol yur et hane

di spersions, nethods for their production, and coatings produced
therefrom Under new environnent standards and regul ations, there is an
increased interest in developing |ow or near-zero VOC coating systens.
WAt er borne pol yuret hane coatings are an inportant part of this new

devel opnment effort. Waterborne pol yurethane di spersions are non-toxic,
non-fl amrabl e and do not pollute air or water, and they have potential for
use in the coatings industry. As polyurethane coatings have advant ageous
properties, such as superior abrasion resistance, toughness, chem cal

resi stance, corrosion resistance and a wide range of mechanical strengths,
t hey have attracted nore attention than other systens. Conventionally,

di sper i ons SLOWNDOHORYOTCALROTBLHPOPRRSIONSNDPOIN URIETIA R |

(i ononer dispersion), and/or a hydrophilic side group, i

structure. VMPISPERSHONS!Ir rent commerci al pol yur et hane di spersions (PUDs)
coating systens are prepared by one of the follow ng two approaches.

Ei ther the polyurethane is polynerized in a solvent, then dispersed in,

an apr ot c OB oRESENTT | BVERTIOR PR Rl B Wi iR or Gnice comRamedua or
Porti ary am peoos PO Ra s EHFRRERS id p Sy RFRERG i Borfodty nifiod it
More gener al fheir pRoductinarddeddagess pRydRicBE ekt t 0 produce stable
di sper si ons:
Under new environment standards and regulations, there is an increased interest
in developing low or near-zero VOC coating systems.  Waterborne
polyurethane coatings are an important part of this new development effort.
Waterborne polyurethane dispersions are non-toxic, non-flammable and do not
pollute air or water, and they have potential for use in the coatings industry. As
polyurethane coatings have advantageous properties, such as superior abrasion
resistance, toughness, chemical resistance, corrosion resistance and a wide
range of mechanical strengths, they have attracted more attention than other

systems.

Conventionally, dispersions are obtained by incorporation of an ionic group
from a salt (ionomer dispersion), and/or a hydrophilic side group, into the
polymer structure. Most of the current commercial polyurethane dispersions
(PUDs) coating systems are prepared by one of the following two approaches.
Either the polyurethane is polymerized in a solvent, then dispersed in water; or
an isocyanate-terminated pre-polymer is prepared in a melt or in an aprotic

solvent, and is then chain extended with a diamine in the water phase, in the



Firstly, the acetone process (US 4820762) is widely used in preparing

pol yur et hane di spersi ons, wherein the pol yurethane polyner is synthesized
as a soM@PYMRh acetone. After thinning with water, thePGF§apw®¥i1%ol vent
is distilled off, with the hydrophobic pol yner being precipitated during
distillation. As a suitable counter ion nust be added to ensure the
stability of the dispersion as it forns, sone co-solvent and surfactant
nmust be added, nmaking it difficult to |ower the VOC content in the final
coating system Although this process is2 suitable for reliably producing a

broad range of chem.cal structures of PUDs, it, cap .o be used t roduce
PUDs iy ch- areseag bpdioualieidsiterd aambtaue holyt Do Ty g 1898

pol yur et han Nt abkl re not very solvent resistant. Secondly, the
ketim ne ang',(ﬁzjtltazlio%g lg%zess (US 4009307) can yield high quality

pol yur et hane di spersions by dispersing hydrophilic isocyanate (NCO
prepolyners with pol yketi mine or ketazines in water. The effect of water on
t he bl ocked Moiengenkidiiyn fove disSpensilondsr dautt bedm isedogenpmduicexsiabk on of
the am ne chain to form pol yurethaneurea. Thirdly, in the prepolyner m Xxing
process, a ldyspeopbid:ically nodified prepolyner is nmixed with water, then
reacted wwth a diamne. If the reaction is controlled carefully, the
reaction of the NCO groups with the diam ne dom nates over the reaction

with water. ¢.n..order trol th S I of the WO 02431021 .

PCT/ SQ01/ Ooflérfﬂg?:d%%%g‘?t?/g rI,)r% eés”gH\ﬁ amun%z%flssg‘ilgee% u%%‘itmbé)r%je%,
whi ch remai py| RafOdipetIERY Wikrbhehd sthafle pbghéyis ¢ It
process, thg)%p}?lg?/uret héﬁ’e Spref)ol yrger S pz)gllﬁ%rhesi Sgdgﬁ%ln JESI g\?vtﬁs%lfz\?g%zs 4T
cont ent nedisuhatiofhinsadetazesa fleanhensiy eith waick athleeorghseosiliyntok distiiéed

pol yur et hangﬁgr epol ynmer, which can nmake di spersion_and chain extension
proceed sno®fhlwith yérophpbid polsuisrdsing prachutatedrdariapgidistilatan. t Ae a

pol yuret han%uﬁgﬁg%lo{nnzserr ig\fil Enms%teearddggl ?o gg?&rg tl?é( gtggﬂlet; ’ofatgg dlilssplé?slil)g ag ?tq uires
forms, some co-solvent and surfactant mlist be added, making it difficult to
lower the VOC content in the final coating system. Although this process is
suitable for reliably producing a broad range of chemical structures of PUDs, it
can only be used to produce PUDs which are soluble in acetone.
Consequently, the resulting polyurethane paint films are not very solvent

resistant.

Secondly, the ketimine and ketazine process (US 4009307) can yield high
quality polyurethane dispersions by dispersing hydrophilic isocyanate (NCO)
prepolymers with polyketimine or ketazines in water. The effect of water on
the blocked amine within the dispersion results in homogeneous extension of

the amine chain to form polyurethaneurea.

Thirdly, in the prepolymer mixing process, a hydrophilically modified
prepolymer is mixed with water, then reacted with a diamine. If the reaction is
controlled carefully, the reaction of the NCO groups with the diamine

dominates over the reaction with water. In order to control the viscosity of the



t he use of sonme co-solvent and surfactants to achieve a stabl e dispersion.
The particle size of the dispersions obtained fromthe above processes is
rel ated WOOp@2ktirring rate. The present invention seekBCT/OGHYEN2de
stable, |ow VOC, polyethylene glycol (PEG nodified, aqueous polyol alkyd
di spersi ons (PADS) which can be used in two conponent (2K) coating
systens, and al so aqueous pol yurethane dispersions (PUDs) which can be
used in one conponent (1K) coating systens, and their nethods of
production. In particular, the present ikwentions seeks to provide a new
met hod for the preparation of |ow VOC Fol yklrbeta%ang d'bsc%:r si ons _conbi ni ng
i oni ¢ and nprepolynet aswebamayn of selvsal Pt P13l uVEICIf RS 85 Br Sduct s
that can be self-. equlsified without co-solvent and external stabilizers,
to form staﬁqﬂé’enﬁif’stggr‘gwﬁ%lpnFurther nmore, the present invention seeks to
provide a sinple and efficient nethod for the preparation of pol yurethane
di spersions, especially on a large scale, and also to provide pol yurethane

di spersion i n ' obisadefe pslguRakirtd prepolymeahispyatesized ini de
range of pr%%g‘t?*’i git}}eﬁ%tggie%gﬂsol vent EI\O 02/3102%0%(301%192 4

resi st ance, |g9obleshasintmt thadidmes Thif peocebs bin gnswieraisuitae sisaesdy eind
good color retention. The present invention has the follo g? agvant ages:
1) The i nvethd pnlyairethase prepolgmeniwhichyeannake dIHejion a(‘ﬁlifga AXeHeon

preparation of al kyd resins._Using PEG.in alkyd regin n ' I a
conbi nat i onP&9cEEgniSEL YnonHPWﬁivgr’gF olps® %r]ﬁ f%?ﬁo@%@%ggﬂtgc?%r gi.lgsThe
resul tant resin e - i f i t yyel tusBRity 834 §kdal
stabilizer sPoi%“]g@‘%%Qsﬂrgﬁ+lgm§%‘6ﬁ} %ﬁ%y%x%kgg%&rgﬁg%%& ;Aﬁ@;;l;rtiqj%ul gr, | ow
VOC  ( <509/ ke aouigPssmEicsRBIRnPRSd SRifadiBnBlbaichirde atablbdidpeiomdi fi ed PADS
of the present 1 nvention exhibit good reactivity

The particle size of the dispersions obtained from the above processes is related

to the stirring rate.

The present invention seeks to provide stable, low VOC, polyethylene glycol
(PEG) modified, aqueous polyol alkyd dispersions (PADs) which can be used
in two component (2K) coating systems, and also aqueous polyurethane
dispersions (PUDs) which can be used in one component (1K) coating systems,

and their methods of production.

In particular, the present inventions seeks to provide a new method for the
preparation of low VOC polyurethane dispersions combining ionic and non-
ionic groups into the polymer structure, and also products that can be self-
emulsified without co-solvent and external stabilizers, to form stable

dispersions.

Furthermore, the present invention seeks to provide a simple and efficient
method for the preparation of polyurethane dispersions, especially on a large
scale, and also to provide polyurethane dispersion coatings, paint and binder

compositions which possess a wide range of properties including solvent



wi th sonme crosslinkabl e nononers and pol yners, and may be used in 1K or 2K
coating systens. As these dispersions and their derivative products have

| ow VOC cW®x@®3021<50g11), they can neet increasingly stri P$ERGUOIERnent
regul ati ons on VOC and thus have great commercial value. 3) The PADs of the
present invention and their simlar products can also be wused in processes
of maki ng | ow VOC baki ng-type coating systens and non- isocyanate (NCO
group free) crosslinking type coating systens. 4) The process of naking | ow
VOC PADs of the present invention can al4o be applied in making | ow VOC

pol yester dispersions which can be used in i ng WI de range qf VOC
coating systresrstanaf) ghed | aslhevion, Papsness, ﬂﬁém n‘\‘?é‘ﬁ 305f &Hg g‘PPéiNr
simlar produ are stable over a wi de range of tenperatures (from20 to
35C) and pH Qrdﬁ{%mtmes 5 to 9.0). WD 02/31021 PCT/ S®01/00192 5 6) The

di spersion process of the present invention can also be applied to prepare
| ow VOC aqueous di spersions containing ionic and non-ionic groups in the

pol ymer str RseNBSEntAN Bed fhygsllgRtheasiant-ages may be achi eved by the
applicati onuﬂiéy&? o " present invention using soaf%gent free and PEG nodified

pol yol al kyd dlsper5|ons and their derivative products to produce
pol yur et hane di spersions. wth excellent roper s. Accordi ﬁo. t
present invehti drhet h@v@mogl pHowisdée arsrefhdeP Lse eng EéFOIp 12

resin conprising a,n al yS|s st ctin et h I
(PEG), an oiRrea#adtgnp ﬁ’gﬁﬁ%oﬁﬁ 8&%&105 I%n%ng}ée?ésr |gjf1 ‘Célgt?on
step of react] | ta t t an
acid and/ or %nr@g?ﬂoﬁnqﬁiféﬂicdg}l drﬂ %Elgcoft#cﬁ{pér?lgo %QWW\% Itll%ﬁﬂe' "
esterificatiq %zgﬁpr@ﬁhnﬁlatyerﬂg rs%!fean@i@lﬂe@acwlﬂ@u@ p6-26Bkat Mmkdexacindl val ue
or predeter m ned viscosity

stabilizers, to form stable polyol alkyd dispersions. In particular, low VOC

(<50g/1) aqueous dispersions may be obtained.

2) The PEG-modified PADs of the present invention exhibit good reactivity
with some crosslinkable monomers and polymers, and may be used in 1K or
2K coating systems. As these dispersions and their derivative products have
low VOC content (<50g/l), they can meet increasingly stringent government

regulations on VOC and thus have great commercial value.

3) The PADs of the present invention and their similar products can also be
used in processes of making low VOC baking-type coating systems and non-
isocyanate (NCO group free) crosslinking type coating systems.

4) The process of making low VOC PADs of the present invention can also be
applied in making low VOC polyester dispersions which can be used in making

a wide range of low VOC coating systems.

5) The low VOC PADs of the present invention and their similar products, are
stable over a wide range of temperatures (from 20° to 35°C) and pH (from pH
6.5 to 9.0).



Preferably the oil is safflower oil. Conveniently the oil is soybean oil.
Advant ageousl y the pol yhydric al cohol and/or the pol yhydroxy conpound is
pent aer ytW@ 02/81021 Pref erably the acid is p-t-butyl benzoi cPEEREIHNIReNnzoi
aci d. Advantageously, the acid is, or the acid anhydride corresponds to, a
pol ybasic acid. WO 02/31021 PCT/ S&01/00192 6 Preferably, the acid is

i sophthalic acid. Conveniently the acid anhydride is phthalic anhydride.
Advant ageously the PEG has a nol ecul ar weight in the range of 3000-3700.
Accordi ng to anot her enbodi ment of the pfesent invention there is provided
a polyol alkyd resin. According to a further enbodi nent of the present
invention there is provided a nethod of making an aqueous pol yol al kyd

resin di spersiaon, (PAD), conpri si the steps of. heating i r tar a
pr edet er m néd éﬂ’fﬁuﬁtspélfﬂ%tpé C,esérfgtgg‘e Bresgit Vr?inh% o iC Q? aaé)ﬁ)(ﬁggi t(rel)e, to
a di spersing_tenpera , ' [ : ; SR noVidkic Brbiipd g, a
pol yol al ky%r?@g?ﬁqwmiﬁqﬁggusggg#ﬁgoa e tﬂ?%lhg]% 1rneﬁfbtC st%?e,1 a'f%%uc arate
that the te ffictide M x in the reactor is no nore than about 5C
above the d@%g@mﬁ St e?rper ature, with the tenperature in the reactor

bei ng held at about the dispersing tenperature for a period of tinme after

the addition of the resin Conveniently, the nmethod further conpri ng t he
step of coolTiege tdbgeatives tandr advantagespaagthe ackigvechdyudiei MPREOBHPT Y or

S 90 oML 1 Ui Soet LT B ) S, WL YR
| ution. ] i.ent | h ' .S | Sni

55700 nadaeayonueld e dFERTL PR EERTR LI PobRrt iRl MRS

60- 65C. with excellent properties.

According to the present invention there is provided a method of making a
polyol alkyd resin comprising an alcoholysis step of reacting polyethylene
glycol (PEG), an oil and a polyhydroxy compound; followed by an
esterification step of reacting the resultant mixture from the alcoholysis step
with an acid and/or an acid anhydride, and a polyhydric alcohol with the
esterification step being terminated on reaching a predetermined acid value or

predetermined viscosity.
Preferably the oil is safflower oil.
Conveniently the oil is soybean oil.

Advantageously the polyhydric alcohol and/or the polyhydroxy compound is
pentaerythritol.

Preferably the acid is p-t-butyl benzoic acid or benzoic acid.

Advantageously, the acid is, or the acid anhydride corresponds to, a polybasic

acid.



WO 02/ 31021 PCT/ SG01/00192 7 Preferably the amne is added in a nole ratio
anount in the range of 0.3-1.0:1.0 wth respect to the resin. Conveniently
the ami ndV?8239dkd in a nole ratio amunt in the range of PET/BGOHWY 1 0o
with respect to the resin. Advantageously the solids content of the

di spersion is in the range of 35-45% Preferably the solids content of the
dispersion is in the range of 38-40% According to anot her enbodi nent of
the present invention there is provided an aqueous polyol alkyd resin

di spersion, (PAD). According to a furthef embodi ment of the present
invention there is provided a nethod of maki ng an aqueous pol yuret hane

di spersion (PUD) froma polyol alkyd dispersion (PAD) conprising the steps
of heating i cLor . rm nad amount of water, and a

pr edet er m nggegﬁgﬁﬁt hl%facgdnlsggngﬂgﬁgtl%hga di spersing tenperature, and pouring
into the reactor, with stirring, a polyol alkyd resin, which has been
heated to a nelt state, at such a rate that the tenperature of the mx in
the reactor Gsnweaidmlyeththail athydtide s ahihabictanbyddidsper si ng t enper at ure,
with the tenperature in the reactor being held at about the dispersing
tenperature for a period of tine after the addition of the resin, followed
by reaction with an isocyanate. chai n_extender. Conveni ent| t hod
further conﬁd%@éa&Wésg’t%5$§gh%? mRjetHar weight & ﬂ&oﬁ%‘g? Qﬁégpg{]ﬁro “and
adjusting the pH and/or solids content of the dispersion. WD 02/ 31021

PCT/ SG01/ 00192 8 Preferably the amne is triethyl am ne,

2- am no- 2- et iy d thoPioORRAMRE em b dTBIRY bethapadsant ffvehBbrAhcrerisgiranided a

sol uti on. Conveni er%t y the dispersing tenperature is in the range of
55-70C.  Advyailyelgdkyékasii.ne di spersing tenperature is in the range of
60-65C. Preferably the amne is added in a nole ratio anount in the range
of 0.3-1.0:1.0

According to a further embodiment of the present invention there is provided a
method of making an aqueous polyol alkyd resin dispersion, (PAD), comprising
the steps of heating in a reactor a predetermined amount of water, and a
predetermined amount of an amine, to a dispersing temperature, and pouring
into the reactor, with stirring, a polyol alkyd resin, which has been heated to a
melt state, at such a rate that the temperature of the mix in the reactor is no
more than about 5°C above the dispersing temperature, with the temperature in
the reactor being held at about the dispersing temperature for a period of time

after the addition of the resin

Conveniently, the method further comprises the step of cooling the mix to room

temperature and adjusting the pH and/or solids content of the dispersion.

Preferably the amine 1is triethylamine, 2-amino-2-methyl-1-propanol,

dimethylethanol amine (DMEA) or ammonia solution.

Conveniently the dispersing temperature is in the range of 55°-70°C.

Advantageously the dispersing temperature is in the range of 60°-65°C.



wWith respect to the resin. Conveniently the amne is added in a nole ratio
anopunt in the range of 0.6- 0.95:1.0 with respect to the resin.

Advant agavast/ygioehe solids content of the dispersion is inP€HeGHIVGE Of
35-45% Preferably the solids content of the dispersion is in the range of
38-40% Conveniently the chain extender is an isocyanate-containing
conpound. Advant ageously the isocyanate-containing conpound is an

al i phatic conpound. Preferably the isocyanate-containing conpound is

i sophorone di-isocyanate. Conveniently 1 he isocyanate-containing conpound
is an aromatic conpound. Advantageously the isocyanate containing conpound
is a di-isocyanate. Preferably the chain extender is an

aziridi ne-containing conpound.. WD 02/31021. PCT/ S&1/ 00192 9 nyenj ently
the range oPrefgiabla 1s pfded B mé&r@m@mw@t% edangeef 824@?4-5-@#6 of
t he pol yol al.kyd dispersion.is in the range of between 10:90 and 30:70.
Advant ageoug‘@@‘ rteﬁ%ecrtg?lélée@fs”bqui val ents of the chain extender to the solids
content of the polyol alkyd dispersion is in the range of between 10:90 and
20: 80. Preferably the range of equivalents of the chain extender to the

sol i ds cont eRhvedbnilPaheAmMat ikl dh spebk Paid amdkatin the SmgeConveni ent |y
the reaction is perfornmed in the tenperature range of fromabout 25Cto

about 30C. A®Sor.divagh respanptohdhe restbodi ment of the present invention there
is provided an aqueous pol yurethane dispersion, (PUD). According to a
further enbodi ment of the present invention there is provided a one

i spor i on orveRaehe bR A TROB et obrEY Bsabio RaSIbERy SEReR s o

roomtenperature cure or a baking-type

Preferably the solids content of the dispersion is in the range of 38-40%.

According to another embodiment of the present invention there is provided an

aqueous polyol alkyd resin dispersion, (PAD).

According to a further embodiment of the present invention there is provided a
method of making an aqueous polyurethane dispersion (PUD) from a polyol
alkyd dispersion (PAD) comprising the steps of heating in a reactor a
predetermined amount of water, and a predetermined amount of an amine, to a
dispersing temperature, and pouring into the reactor, with stirring, a polyol
alkyd resin, which has been heated to a melt state, at such a rate that the
temperature of the mix in the reactor is no more than about 5°C above the
dispersing temperature, with the temperature in the reactor being held at about
the dispersing temperature for a period of time after the addition of the resin,

followed by reaction with an isocyanate chain extender.

Conveniently, the method further comprises the step of cooling the mix to room

temperature and adjusting the pH and/or solids content of the dispersion.



coating system According to another enbodi nent of the present invention
there is provided a filmnade fromthe dispersion of the present

i nvent i onWOA3002131021 PCT/ SG01/ 00192 10 In order that tRETS080193n nmay
be nore readily understood, and so that further features thereof nay be
appreci ated, the invention will now be described, by way of exanple, wth
reference to the acconpanying drawings in which: FIGJRE 1 is a graph
showing the stability of viscosity with time for exanples of PADs; FI GURE
2 is a graph showing the change in visco8ity with time for the exanples of
PADs of Figwe.1l;, FIGRE 3 i.s a graph show.ng the nge 1. PpH I X
mont hs for g{fﬁﬁiﬁ?lélé( Gg?e POBENC %JR%I%EY%MaIHg’r a%h*”g ovx,?‘r?{rgﬁétg1 %glﬂc}ﬁgﬁ%%ai n

Vi scosity ov i : of Figure 3; FIGURE 5
is a graph s oW %em&?ﬁ‘éﬂﬁ@Mﬁh@g@@fﬁi@%ﬁyﬁi for further exanples
of PUDs; and FIGURE 6 is a graph showi ng the change in viscosity over siXx
nonths for the further exanples of PUDs of Figure 5. The present invention
i s directed Converidingsthefdisprkiing tahphiaturk dsinMBE rafg50f539-70&E€ er bor ne pol yol
al kyd di spersions (PADs). One type of |ow VOC waterborne polyol alkyd

di spersions is obtained by dispersing a polyethylene glycol (PEG
nodi fi ed, solvent-free, alkyd resin which contains cert ino chem cal
structures. Advantagaouskyfthpslispsrsing kgmperagpe isitothedangs @gé@ Pt di -

i socyanates to give stable, fine particle size and | ow VOC pol yur et hane

di spersions which can be applied as 1K binders in coating systens. The

pol yol VO 02141% eorgl%lyptgya.%%?g‘{sogcg&% inxlmole ratio amount in the range of 0.3-1.0:1.0

with respect to the resin.

Conveniently the amine is added in a mole ratio amount in the range of 0.6-

0.95:1.0 with respect to the resin.

Advantageously the solids content of the dispersion is in the range of 35-45%.
Preferably the solids content of the dispersion is in the range of 38-40%.
Conveniently the chain extender is an isocyanate-containing compound.
Advantageously the isocyanate-containing compound is an aliphatic compound.
Preferably the isocyanate-containing compound is isophorone di-isocyanate.
Conveniently the isocyanate-containing compound is an aromatic compound.
Advantageously the isocyanate containing compound is a di-isocyanate.

Preferably the chain extender is an aziridine-containing compound.



al kyd di spersions al so can be crosslinked by reaction with polyi socyanates,
pol yfunctional aziridines and other crosslinkers to give | ow VOC binders in
2K coat W@ 0¥§¥eens. The invention al so has the advant ageBCHRGIKIAY PEG as
a non-ionic part of raw materials for making al kyd di spersions; using

i sophorone diisocyanate as a reactant to obtain 1K waterborne PUD systens;
and using an aliphatic polyisocyanate as a crosslinker to achieve 2K

wat er borne PUD fm shings. The invention also relates to coatings nmaki ng use
of these dispersions. Coatings made frdmthese dispersions are
particularly suitable for uses on surfaces such as wood, netal, gl ass,

pl astic and ot her substrates where traditional solvent-based pol yurethanes

are used. The al kyd resin of the present inveantion. i if

sol vent fr e&OnyRBIENtly ofhe Mdofé@?‘h"%r{t% O&eﬁ}%aicﬁg%‘héﬁéggﬁeg ruct %@ghss The
term"short oil". d vel : tinaym 41(g%§9idf bétweehi Adro0 Tha al kyd
di spersi on E?’%Sflt io?‘{gégr%éf%ldél&fg dc}ilggsepr)éelrséﬁﬁglht hg above resin in water with
an am ne negprglizer in the absence of other solvents. This process
produces a stable, fine particle size and | ow VOC content (<50 g/1)

wat er bor ne pol yol al kyd di spersion. The wat er borne pol yuret hane di spersions

(PUDs) for 1K system are obtained by performng a.urethape regctiaqgn, of a
pol yol al kyddiiastrgesisly thraBngiof reqaitvalents sfc fnghan eﬂﬁ@“%dtt@rgt‘?rﬂ ds

pol yur et hane di spersi ons  ( PU for 2K syste are obtaj ned hy,crassli nking
t he pol yol &PRiFat d’ifs‘bérpeﬂlﬁ?ll %q;;@))ﬁwetrﬁoa 15&8??\%%?8&8&?@6 eegt ]n(ga;'lE)8 ahd
crosslinker 5,14, the case of an isocyanate, the anmount of cross-linker may
be cal cul at 38%{1 the follow ng fornmula: WO 02/31021 PCT/ S&1/00192 12
| socyanat e cross-|inker needed 247 x (%H in resin) for equival ence of 100
pbw OH resin = % NCO in isocyanate resin )

Preferably the range of equivalents of the chain extender to the solids content

of the polyol alkyd dispersion is about 15:85.

Conveniently the reaction is performed in the temperature range of from about

25°C to about 30°C.

According to another embodiment of the present invention there is provided an

aqueous polyurethane dispersion, (PUD).

According to a further embodiment of the present invention there is provided a
one component (1K) or a two component (2K) coating system comprising the

dispersion of the present invention.

Preferably the coating system is a room temperature cure or a baking-type
coating system.

According to another embodiment of the present invention there is provided a

film made from the dispersion of the present invention.



The resul tant di spersions have | ow VOC content (<50 g/1) and fine particle
size, are cosolvent-free, and surfactant-free, and are physically and

chem cal | WO ®t3a¢le. The sol vent-free al kyd resin is prepa®d/SG0a/0 B noner s
by a two step process; alcoholysis, followed by esterification. A snal
anount of solvent (for exanple, butyl cellosolve) is helpful in the first
step of reaction, and is stripped off at the second step of the reaction.
Term nation of the reaction is controlled by achieving an predeterm ned
acid value and viscosity. The reaction tli0me and tenperature for obtaining

the proper degree of alcoholysis in the fir ste about hQur,
250C. | I n ]Ehén@ed;@rtaatsth@am@mmég’fag § OG T 11V§“E§F$P%%t ?H&f S%ﬁ‘at

bI
N, Compone AU HBEIRE B SR R 1 TR SH SROTL DRERDOE Gilg bVi o
PENTAERYTHRI (%%% EB@% & DE-1 ONI ZE
WATER #2 PE@E‘@%@& %&&gﬁé—ﬂ&\ﬁé%@ [ S£EWMLI C AC D WO 02/ 31021D

PCT/ S®1/00192 13 Procedure 1. Charge #1 into a synthesis reactor

equi pped with agitator, sanple tube, thernmoneter, ni tro%m? ur ge, decant er
and condens&@IGURRAtL ismagj'aq:)hcsﬁm)wmg the stability of viscosity with or examples

of PADs;

FIGURE 2 is a graph showing the change in viscosity with time for the
examples of PADs of Figure 1;

FIGURE 3 is a graph showing the change in pH over six months for examples
of PUDs;

FIGURE 4 is a graph showing the change in viscosity over six months for the
examples of PUDs of Figure 3;

FIGURE 5 is a graph showing the change in pH over six months for further
examples of PUDs; and

FIGURE 6 is a graph showing the change in viscosity over six months for the
further examples of PUDs of Figure 5.

The present invention is directed to methods of making stable low VOC
(<50g/1) waterborne polyol alkyd dispersions (PADs). One type of low VOC
waterborne polyol alkyd dispersions is obtained by dispersing a polyethylene
glycol (PEG) modified, solvent-free, alkyd resin which contains certain
chemical structures. This kind of polyol alkyd dispersion can react with di-
isocyanates to give stable, fine particle size and low VOC polyurethane
dispersions which can be applied as 1K binders in coating systems. The polyol



perform al cohol ysis. 2. After achieving the proper degree of al coholysis,
cool the reactor to the desired tenperature before charging 92. Then heat
up the rd¥@023103hain to carry out esterification. Term nBEESGEHMBact i on
after achieving the predetermned acid value and viscosity. The raw
materials requirements for the resin may include the follow ng: ALCOHOLS:
pentaerythritol, glycerine, trinethylol propane, trinethylol ethane,

et hyl ene gl ycol, neopentyl glycol, propylene glycol,

cycl ohexanedi net hanol, ACI DS AND ACI D ANHYDRI DES: benzoic acid, p-t-butyl
benzoic acid, capric acid, castor fatty [ onut .acid

d, fatt

di met hyl ol pikydi dispersicasi also Zaat h@|0rw%1}1}<?<§Ibé{cF%%ﬁpauw%af’%%ﬂ%?%é’?%}?s’

i d fatty acid, istic acid,, oleic.acid, pal i i fatt
her st car pebAsnetionkrriridinesrd dhgbpsSifiess to AR Bl ROYR Tatty

fumaric acid, iLso Q%halic acid, mal eic anhydride, phthalic anhydride,

t er epht hal i EOYA&SYXH el 1itic anhydride, OLS: soybean oil, castor oil,
coconut oil, dehydrated castor oil, linseed oil, safflower oil, tung oil.
WO 02/ 31021 PCT/ SG01/00192 14 The nol ecul ar wei ght of the PEGis

preferably fherh30@bi 853 kA theSadvdntawss ofaisingRBGsay bean-ionic pa ofaaty
suitable for the reaction, but safflower oil is, preferrgg. Benzoi ¢ aci d,
whi ch is usnadtbrjalasted makiagkalllydréisperatonsn UsiignisapBerongedUIRAYABHE B8 #hi s

| kyd resin, but p-t-butyl benzoi id | ferred, The_pref .
Cpeti 11 cat | berstan (ncolinityd b capirraiee) PLIBG et ad posihe pichbptic

Non- Vol atile Matter (NVM_ : : 60% i
St ene) *( ashobBAd Y ot itkel gt R AR FRRG R ) 52"

The invention also relates to coatings making use of these dispersions.
Coatings made from these dispersions are particularly suitable for uses on
surfaces such as wood, metal, glass, plastic and other substrates where

traditional solvent-based polyurethanes are used.

The alkyd resin of the present invention is a PEG modified solvent free, short
oil alkyd resin with certain chemical structures. The term “short oil” denotes a
level of less than 40% oil in solids. The alkyd dispersion (PAD) is prepared by
dispersing the above resin in water with an amine neutralizer in the absence of
other solvents. This process produces a stable, fine particle size and low VOC

content (<50 g/l) waterborne polyol alkyd dispersion.

The waterborne polyurethane dispersions (PUDs) for 1K system are obtained
by performing a urethane reaction of a polyol alkyd dispersion (PAD) with a
di-isocyanate. The waterborne polyurethane dispersions (PUDs) for 2K system
are obtained by crosslinking the polyol alkyd dispersion (PAD) with a

polyisocyanate or other crosslinker.

In the case of an isocyanate, the amount of cross-linker may be calculated by

the following formula:



4 Acid Value (AV) (ASTM D1639) 124:1; 15 1; 20W The col or and viscosity of
al kyd resin at 60%in xylene may range from3 to 7 for color and fromV to
Z5 for viweoayswyl but preferably with the range from3 tBCESEHOW00EY or, and
X to Z for viscosity. The acid value of the alkyd resin may range from 12
to 25, but preferably within the range from 12 to 15. The nol ecul ar wei ght
(Mv) of the resins typically range fromabout 3,000 up to 14,000, but
preferably within the range from4,000 to 10, 000. Hi gh nol ecul ar wei ght
resins tend to be very viscous and diffildult to disperse. During storage,
the al kyd resins exhibit good s ility, and are r.gady,d . st orage
time increab®SYRRYESTON Tgc hs), the surfaceﬁ‘ ggéé}ﬁn{e& form an
el asti c nenhrane.. Tlhi S n]gm)q algvg yre%?x[hi gi nate fromthe air- oxidation of
the resin, =ACIHTYRCEEGBEtVY RRYqual ity of the subsequent—atkyd —dispersion.
In order to mnimze this effect on the di sper sy gqw @cBosyarate r&in
preferable to discard the nmenbrane. WO 02/ 31021 PCT/ SQ01/ 00192 15 Pol yol
al |l -yd di spersions are prepared by pouring a pre-heated alkyd resin into
water with mld stirring. A general procedure is discussed below. The al kyd
resin i s heghedresaltantndispersicas ehavgelrwhy O€; C@h@nbéFé@I&{De@%%ﬂﬁnPafgple
de-ionized water is heated to tgeil%}as&%r ing t ergtur%&i{n n ermlag' on
reactor fiStz8darg epsodvedriEdfoANE SUFRE .t'?’:ﬂ"?ea’é phiggicglly apdichepiedlly o
t he desired N)/I\/P/o of the final product). A cal cul ated amount of an am ne
(for exanpl stablg.et hyl am ne, TEA), is added to the reactor wth efficient
stirring. The heated resin is then added to the enulsion reactor at such a
rate that the tenperature of the enulsion reactor is no nore than about 5C
above the difspeoiag-fr ateyig is Phpassdirom nfonamenebyaytwaesteplprotespd as
follows: A=R(AN)E / 56,100 A = weight of am ne

alcoholysis, followed by esterification. A small amount of solvent (for

example, butyl cellosolve) is helpful in the first step of reaction, and is stripped
off at the second step of the reaction. Termination of the reaction is controlled
by achieving an predetermined acid value and viscosity. The reaction time and
temperature for obtaining the proper degree of alcoholysis in the first step is
about 3 hours at 250°C. In the second step, the esterification is carried out at

230°C.

An example of reaction components and procedures is shown in Table 1.

Table 1

No. Component

#1 REFINED SAFFLOWER OIL

PEG

p-t-BUTYL BENZOIC ACID
PENTAERYTHRITOL

BUTYL CELLOSOLVE

LITHIUM HYDROXIDE MONOHYDRATE
DE-IONIZED WATER

#2 PENTAERYTHRITOL
PHTHALIC ANHYDRIDE
ISOPHTHALIC ACID




R = weight of total resin solids AN = acid nunber (solids) E = equival ent
wei ght of am ne. After conplete addition of the resin, the enul sion reactor
i s mai nt av@eld/3a921 about the di spersing tenperature for somETIGH/0P¥20r der
to cure the dispersion. The reactor is then cooled to roomtenperature,
the pH adjusted to neutral and the solids content adjusted to the required
val ue. Characteristics of the resulting dispersion are shown bel ow. WO
02/ 31021 PCT/ SG01/ 00192 16 Appearance MIky white Non Volatile Matter
(NVM 110C, 1 hr 35-45% Viscosity (BrodRfield, S63, 60 m 300-1800 CPS
Specific Gavity 1.04-1.07 VOC <50 Particle Size <5pmpH 6.5-8.5 No
hi gh- speed agitation is needed for the al kyd di spersion formation.
Typi cal |y, ated alkyd resin is added to a m xture of water and
am ne, at %%?—gwm mld stirring, in an anount sufficient to obtain a
di spersion qf (ahewd #35146 e eitsipaeeaot egalppdd, withl hgivitog daynpdertubeg, and
adj ustnent of the pHto a desired value to obtain a suitable viscosity.
Tri et hyl ani tlkeernatenonizeogent pyrge,l dpeanteinend efindsnpgrl ettieat dhe argage@r (DVEA)
and anmoni a solutign can  be used as neutralizing reagents, (AMP95 is
propri et aryPfoQﬁmr?éC@quiésélﬁyl -1 - propanol supplied by ANGUS Cheni e GVBH).
The anount qQf neutralizer . used duri t he di:s sL:ng IS, | he
range of O. %—'1. 04 & ?‘8“%3@? Bjoper ﬁggre@eququg&gcgﬁ}gi %&p&ggﬁgandéér 164]1:}{6
0.6-0.95: 1. Q4 .: ' FZe, ti ' ' ' 58N o ), may
be neasur ed%ﬁgll}:%tqqﬁgg%{? H%IQP ? ﬁcggtc}l%%ﬁ%gg%%ng%gg e§!kﬁO\s\}/nEEI lr%tﬁ&ﬂtoﬁgé%@trt .o d38§9

out esterification. Terminate the reaction after achieving the predetermined

acid value and viscosity.

The raw materials requirements for the resin may include the following:

ALCOHOLS: pentaerythritol, glycerine, trimethylol propane, trimethylol
ethane, ethylene glycol, neopentyl glycol, propylene  glycol,
cyclohexanedimethanol,

ACIDS AND ACID ANHYDRIDES: benzoic acid, p-t-butyl benzoic

acid, capric acid, castor fatty acid, coconut fatty acid, dimethylol propionic
acid, 2-ethyl butyric acid, lauric fatty acid, linseed fatty acid, myristic acid,
oleic acid, palargonic acid, soya fatty acid, stearic acid, tall oil fatty acid, adipic
acid, azelaic acid, fumaric acid, isophthalic acid, maleic anhydride, phthalic

anhydride, terephthalic acid, trimellitic anhydride,

OILS: soybean oil, castor oil, coconut oil, dehydrated castor oil, linseed

oil, safflower otl, tung oil.



The general and preferable reaction conditions for al kyd di spersion (PADs)
formation are shown belowin Table 3: Conditions No. Process Generally

Pr ef er ablWO 0¥3182kyd Resin pre-process 140C 1 to 1.5 hr 14BEI/8GH/003927 kyd
Resin added rate 50 min-70 min 60 mn 3 Stir rate 80-180 m 120-140 m 4
Tenperature 55-70C 60-65C 5 NVM 35-45 391 6 First added am ne ratio
0.3-1.0 : 1 0.6-0.95:1 7 Ami ne used AMP 95, TEA; AMB5 or TEA anmoni a
solution 8 Final product H Ad'ust to 6.5-8.5 Adjust to 7-7.5 WD 02/ 31021
PCT/ SG01/ 00192 17 The obtai ned al kyd dildlpersi ons have excel | ent storage

stability and a soli cont ent, of out 39WL% by wej p L.cl e size
i s general | yThenmiolesulanyeg goérﬂ%ﬁ' gﬁ% Br@?%ﬁ%ﬁ?%w &g?go'l%ﬁr]r?g%n.
The smal | particl,e size enhancgs .t abi | i t he dj;s -1 cles
and al so | eé’d_@ afid "sqybeap ood[]%f? gjﬁ) ﬂ%fﬁlsﬁaﬁfr?s?éﬂwh_ﬁ rﬁ%céﬁt?%ulgifta%gﬂg oggﬁ f e

al kyd di Spegﬁbfé?fed( Pé@ﬁ)oi@%f_‘db%%h% %@hﬁl‘l)hhséd‘i@%lﬁy&bfép%k:i‘tﬁ)r@fcaﬁvﬁgo 6
nont hs at room tenperature. wever, the pH value and viscosity of the

di sper si ons yegtiaddnabistaliey Gtesim dat parhuglibeszpicacid gestefated pr ol onged
storage tinme, separation was observed fromthe honogenous al kyd

di spersion, but the separation can be easily reversed with efficient
stirring. The polyol all-yd dispersions (PADs) of. the ent invention can
be reacted e presergd ﬁ%&f}%@ﬂépf%ﬁﬁ%é TF%&H‘BL@W laﬁraz’i%ganat e (1PDl),

to give stable, fine particle size, and | ow VOC content waterborne
pol yur et hane di spersions

Table 2
1 Non-Volatile Matter INVM), 110°C, 1 hr 100 %
(ASTM D-1259)

2 Colour (60% in Xylene) (ASTM D-1544) 3-5
3 Viscosity (60% in Xylene) (ASTM D1545) | X-Z
4 Acid Value (AV) (ASTM D1639) 12+1; 15+1; 2041

The color and viscosity of alkyd resin at 60% in xylene may range from 3 to 7
for color and from V to Z5 for viscosity, but preferably with the range from 3
to 5 for color, and X to Z for viscosity. The acid value of the alkyd resin may
range from 12 to 25, but preferably within the range from 12 to 15. The
molecular weight (Mw) of the resins typically range from about 3,000 up to
14,000, but preferably within the range from 4,000 to 10,000. High molecular

weight resins tend to be very viscous and difficult to disperse.

During storage, the alkyd resins exhibit good stability, and are ready to use.
As storage time Increases (more than 1.5 months), the surface of resin might
form an elastic membrane. This membrane may originate from the air-
oxidation of the resin, and will affect the quality of the subsequent alkyd
dispersion. In order to minimize this effect on the dispersing process, it is

preferable to discard the membrane.



(PUDs). Preferably, the range of equival ents of isophorone di-isocyanate
(IPDI) to the solids of the al kyd dispersions ratio is between 10: 90 and

30: 70, noY@02/3402F er abl y 10: 90, 15:85, and 20: 80. The recoRAEAEEHWYM i nal

tenperature range for PUD preparation in the nethod of the present
invention is between 25 and 30C. The pol yuret hane di spersions (PUDs) of the
present invention have relatively good appearance stability at room
tenperature. After 6 nonths of storage, the WO 02/31021 PCT/ SG01/00192 18
PUDs exhibit good stability in particlelSize, with only a slight increase
in pH value and a slight decrease in viscosity. The polyol alkyd

di spersions (PADs) can be crosslinked by reaction with crosslinkers to

give a type l,ow_VOC. bi i i ¥ A S
dsed in ok Sl B h S e R e LG e T80 Al T IR D
pol yi socyanat s, whd! MiluRGHIANAN @hktd Proesluwé ivdivelssed beflw.nkers. The
nmet hod of making [ ow VOC pol'yol —al kyd "di spersions of the present invention
can al so be applied to nake | ow VOC pol yester dispersions that can _ be
applied to nake a wi de range of |ow VOC coating systens. The ({)ol yol al kyd
di sper si ons THeAflgyd afesinhie herteddnta mqlkérﬁatﬁoﬁvfwliliﬁsithe silgplalgd apppatet s can

al so be used in processes of ki ng | ow VOC baking type coatin systens
g_nfj non- i sg@a‘@&%@f(‘?(@@{ﬁ?%‘i?ﬁé?% e_@‘rsB%@}‘}gn %@%P%%leggﬁgf%fh
ilms can e.from e_di sper ] i : us,
t he di sper 555%293'6@1 ﬁnl%lcﬁ(grr Fw@frgt'eé%\}}mgﬁn%e@ cémponen sdt(gl ‘él({:lﬁidg%eed
desired prqp?ﬁd £ fihensRRhng systens and also to obtain desired film
properties. eﬁglﬁstgerfgxl oRs can) be applied by casting, spraying, brushing
or rolling. The PUD coatings can be used on wood, glass, netal, plastic
and other surfaces. Sone interesting results were obtained in clear coats
prepared frowcalelated amount of an amine ?for example triethylamine, TEA), 1s added to

the reactor with efficient stirring. The heated resin is then added to the

emulsion reactor at such a rate that the temperature of the emulsion reactor is

no more than about 5°C above the dispersing temperature.
The amount of amine may be calculated as follows:
A=R(AN)E / 56,100

A = weight of amine
R = weight of total resin solids
AN = acid number (solids)

E = equivalent weight of amune.

After complete addition of the resin, the emulsion reactor is maintained at
about the dispersing temperature for some time in order to cure the dispersion.
The reactor 1s then cooled to room temperature, the pH adjusted to neutral and
the solids content adjusted to the required value. Characteristics of the

resulting dispersion are shown below:



wat er borne al kyd 1K PUD system of the present invention with the end
products having a range of appearances. The gl oss of clear coats is reduced
as the MDIYIWRENt is increased, with a | ow percentage oPCPERIYEWUB 11-1)
resulting in higher gloss. On the contrary, a high percentage of PUD

(PUD- 11 WO 02/31021 PCT/ SG01/00192 19 3) results in | ower gloss. These
type of 1K PUDs show good pignent dispersion when used in white coating
systens. In | ow VOC wat er borne al kyd 2K pol yur et hane, the pol yol al kyd

di spersions performed very well when crdéss-1inked with polyisocyanate. The
resul tant i , , - :
| evel | i ng, | Apgeaugesol vent  resi stance propertig 1 WRIEG | o ng | es
i | | ustrat el Nog-WotatptMatehiVid):110PC, Phepar at i on ¥+-484 vent-free Shorft O |
Al kyd Resi 1%&&%?& @’?88195’183 S@pvg ) gener al prodesw-egsd®CPSr epar ati on of
PEG nodi fi :,s s.\% ¢eRt T reeal Kyd resrns. The Taw ”f,b%—rli S are Iisted |pel ow
in Table 4 Pﬁ@ﬂl&@f@\‘ﬂwﬂaw_mw al-s—Arpunt—gr-as—06-9 - SAFFEOAFR-GH:
377.100 24| VOCHe®) 3350 128.600 8.23 p-t-BUTYlL C ACID 268 700 17. 19
PENTAERYTHRPAf$c18322600 14.23 BUTYL CELLOSOLVE 10<sk@ 0.65 LI TH UM
HYDROXI DE -v‘BﬂGJ.YDRATE 025440016 D WATER 0. 31 (é)‘é- 92 PENTAERYTHR TOL
130. 800 8. BP™ PHTHALI C ANHYDRI DE 3186002038 SORHHAH-E—ACHD—+66-—200
6.79 Water/solvent, Loss 99.500

No high-speed agitation is needed for the alkyd dispersion formation.

-+

Typically, a pre-heated alkyd resin is added to a mixture of water and amine, at
55-70°C, with mild stirring, in an amount sufficient to obtain a dispersion of
about 35-45 weight percent solids, following by curing, and adjustment of the
pH to a desired value to obtain a suitable viscosity. Triethylamine, 2-amino-2-
methyl-1-propanol, dimethylethanol amine (DMEA) and ammonia solution can
be used as neutralizing reagents, (AMP95 is proprietary 2-amine-2-methyl-1-
propanol supplied by ANGUS Chemie GMBH). The amount of neutralizer
used during the dispersing process is in the range of 0.3-1.0:1.0 (mole ratio),
more preferably in the range of 0.6-0.95:1.0. The particle size, and particle
size distribution (PSD), may be measured using light diffraction techmiques
known in the art.

The general and preferable reaction conditions for alkyd dispersion (PADs)

formation are shown below 1n Table 3:

Conditions
No. | Process Generally Preferably
1 Alkyd Resin pre-process 140°C 1 to 1.5 hr 140°C 1 hr
2 Alkyd Resin added rate 50 min-70 min 60 min
3 Stir rate 80-180 rpm 120-140 rpm
4 Temperature 55-70°C 60-65°C
5 NVM% 35-45 39+1
6 First added amine ratio 0.3-1.0:1 0.6-0.95:1
7 Amine used AMP 95, TEA,; AMOS or TEA
ammonia solution
8 Final product pH Adjust to 6.5-8.5 Adjust to 7-7.5




Product 1463.664 93.63 Total 1563.164 100 WD 02/31021 PCT/ SG1/ 00192
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ysis Charge 41 into a 2-L flask equi pped with agitator, sanple
tube, theveowster, nitrogen purge, decanter and condensePCT/Sear/ootyee
reactor to 250C, and then hold the reaction tenperature at 246 to 25
3 hrs. Cool the reactor to 170C. B. Esterification Cool the reactor to
170C and add 92, then heat the reactor to 230C, and hold the reactio

e at 227-233C for 1 h for the,}irst sanpling, then start
1 a predet erm ned aci d val ue

a@@?%’%g'ﬁxﬁ I )%ergps?oﬂ gl €A entT 8k oD sREARENAR S08Blid

e pared according to t net hod. (The
| 300l YITBY SvdishiTeRRE HaLidIsishe iSelenefdiynemadliathan
2%‘1%‘3?“@5 .mV\D@02/31 21 PCT/ SG01/ 00192 2:?@ kr ~ go 00 o
09 n@eNrQpréferably frona 0.0 tv 1.0 ;miNron Thd smll@atticle size enhances
the stability of the dispersed particles and also leads to the production of films

with high surface gloss.

The alkyd dispersions (PADs) have good stability in particle size of over 6
months at room temperature. However, the pH value and viscosity of the

dispersions decrease as the storage period is prolonged.

With prolonged storage time, separation was observed from the homogenous
alkyd dispersion, but the separation can be easily reversed with efficient

stirring,.

The polyol alkyd dispersions (PADs) of the present invention can be reacted
with a di-isocyanate, such as isophorone diisocyanate (IPDI), to give stable,
fine particle size, and low VOC content waterborne polyurethane dispersions

(PUDs).

Preferably, the range of equivalents of isophorone di-isocyanate (IPDI) to the
solids of the alkyd dispersions ratio is between 10:90 and 30:70, more
preferably 10:90, 15:85, and 20:80.

The recommended optimal temperature range for PUD preparation in the

method of the present invention is between 25 and 30°C.

The polyurethane dispersions (PUDs) of the present invention have relatively

good appearance stability at room temperature. After 6 months of storage, the
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PUDs exhibit good stability in particle size, with only a slight increase in pH

value and a slight decrease in viscosity.

The polyol alkyd dispersions (PADs) can be crosslinked by reaction with
crosslinkers to give a type of low VOC binders in 2K coating systems. The
crosslinkers used in 2K systems may be aliphatic or aromatic polyisocyanates,

aliphatic polyisocyanates, polyfunctional aziridines or other crosslinkers.

The method of making low VOC polyol alkyd dispersions of the present
invention can also be applied to make low VOC polyester dispersions that can

be applied to make a wide range of low VOC coating systems.

The polyol alkyd dispersions (PADs) of the present invention and their similar
products can also be used in processes of making low VOC baking type coating
systems and non-isocyanate (NCO group free) crosslinking type coating

systems.

Films can be made from these dispersions by methods known in the art. Thus,
the dispersions could be formulated with other components to achieve desired
properties of the coating systems and also to obtain desired film properties.
The dispersions can be applied by casting, spraying, brushing or rolling. The

PUD coatings can be used on wood, glass, metal, plastic and other surfaces.

Some interesting results were obtained in clear coats prepared from the
waterborne alkyd 1K PUD system of the present invention with the end
products having a range of appearances. The gloss of clear coats is reduced as
the PUD content is increased, with a low percentage of PUD (PUD-11-1)
resulting in higher gloss. On the contrary, a high percentage of PUD (PUD-11-

"~ O VvHi
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3) results in lower gloss. These type of 1K PUDs show good pigment

dispersion when used in white coating systems.

In low VOC waterborne alkyd 2K polyurethane, the polyol alkyd dispersions

performed very well when cross-linked with polyisocyanate. The resultant film

has excellent gloss, good DOI, excellent flow and levelling, and good solvent

resistance properties.

The following examples illustrate the present invention:

I. Preparation of Solvent-free Short Oil Alkyd Resin.

These examples show the general procedure for preparation of PEG-modified

solvent free alkyd resins. The raw materials are listed below in Table 4:

Table 4

No. | Raw Materials Amount,grms | %

#1 SAFFLOWER OIL 377.100 24.12
PEG 3350 128.600 8.23
p-t-BUTYL BENZOIC ACID 268.700 17.19
PENTAERYTHRITOL 222.500 14.23
BUTYL CELLOSOLVE 10.100 0.65
LITHIUM HYDROXIDE MONOHYDRATE | 0.2544 0.016
D.WATER 0.310 0.027

#2 | PENTAERYTHRITOL 130.800 8.31
PHTHALIC ANHYDRIDE 318.600 20.38
ISOPHTHALIC ACID 106.200 6.79

Water/solvent, Loss | 99.500
Product | 1463.664 93.63
Total | 1563.164 100




OMO0O NMOOOO ONOGLFa~NN NGC, M t7p-pOM+-0 Od. a
ZuCLcz"GzOOO ~ 03 W 02/31021 PCT/S&1/00192 23 Il. Preparation
of Low VO®W3WReborne Al kyd Dispersion (PADs). Al kyd di spBEEPEHKIIRADs) are
prepared by pouring a pre-heated alkyd resin into water with mld
stirring. A typical procedure is show below. The general characteristics
of the PADs are al so displayed in Table 6. A general procedure for
preparing | ow VOC al kyd di spersion (PAD) (REA- 1162) is discussed bel ow

Mat erial s Anmount, grams ALKYD RESIN { RMA- 1194} (AvV=12) 1500 DE-1ONl ZED
WATER 2363.6 TRIETHYL AM NE 32.47 Solid Content (9M\VM, 110C, 1 hour 38.5%
Put the base resin in 140C oven for 1 hour to obtain nelt status. Charge

t he cal cul ated amount of de-ionized water into an emnul sion reactor

A. Alcoholysis

Charge #1 into a 2-L flask equipped with agitator, sample tube, thermometer,
nitrogen purge, decanter and condenser. Heat the reactor to 250°C, and then
hold the reaction temperature at 246 to 253°C for 3 hrs. Cool the reactor to
170°C.

B. Esterification

Cool the reactor to 170°C and add #2, then heat the reactor to 230°C, and hold
the reaction temperature at 227-233°C for 1 h for the first sampling, then start
sampling every 20 mins. Hold at 228°C until a predetermined acid value and

viscosity at 60% solid in xylene are reached.

Table 5 presents some properties of alkyd resins prepared according to this
method. (The molecular weight of the polymers is measured using Gel

Permeation Chromatography, GPC).



fitted wth an anchor agitator. Heat the reactor to 60C. Charge the
cal cul at ed anount of TEA into enul sion reactor, under stirring at 100-120
rpm Tras®82/3%Rk base resin to enul sion reactor at such BCFaGel/Qx t he
tenperature of enulsion reactor is not higher than 65C. Wen the transfer
I's conpleted, hold the reactor at 60C for 30 mnutes with further
stirring. Cool the reactor to roomtenperature and adjust the pH of the
emulsion to neutral and the solid content to the desired values. Table 6
shows sone physical properties of al kydldi spersions (PADs): WD 02/31021
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II. Preparation of Low VOC Waterborne Alkyd Dispersion (PADs).
Alkyd dispersions (PADs) are prepared by pouring a pre-heated alkyd resin into
water with mild stiring. A typical procedure is show below. The general
characteristics of the PADs are also displayed in Table 6.

A general procedure for preparing low VOC alkyd dispersion (PAD) (REA-
1162) is discussed below:

Materials Amount, grams
ALKYD RESIN {RWA-1194} (AV=12) 1500
DE-IONIZED WATER 2363.6
TRIETHYL AMINE 32.47

Solid Content (%NVM), 110°C, 1 hour 38.5%

Put the base resin in 140°C oven for 1 hour to obtain melt status.

Charge the calculated amount of de-ionized water into an emulsion reactor
fitted with an anchor agitator. Heat the reactor to 60°C.

Charge the calculated amount of TEA into emulsion reactor, under stirring at
100-120 rpm.

Transfer the base resin to emulsion reactor at such a rate that the temperature of
emulsion reactor is not higher than 65°C.

When the transfer is completed, hold the reactor at 60°C for 30 minutes with
further stirring.

Cool the reactor to room temperature and adjust the pH of the emulsion to

neutral and the solid content to the desired values.

Table 6 shows some physical properties of alkyd dispersions (PADs):
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Exanpl es of general procedures and ingredients for the preparation of 1K
pol yur et hane di spersions (PUD) are shown bel ow. Fornula for PUD-1 system
PUD-1-1 PUD-07 Raw Materials Amount, s Ratio of solid content Alkyd

Di spersion (REA- 1162-0 1) 95.89 90 IPD 4.11 10 Total 100 100 PUD-1-2
PUD- 08 Raw Materials Anobunt, gnms Ratio of solid content
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Al kyd Di spersion (REA-1162-01) 93.62 85 IPDI 6.38 15 Total 100 100
PUD-1-3 PUD-09 Raw Materials Anount, s Ratio of solid content Al kyd

Di spersi oWO(RBA0211162-0 1) 91.20 80 IPD 8.8 20 Total 10CCIE:01/02] -4
PUD- 10 Raw Materials Amount, nms Ratio of solid content Alkyd Dispersion
(REA-1162-01) 88.60 75 IPD 11.40 25 Total 100 100 WO 02/31021

PCT/ S&1/ 00192 27 Fornula for PUDII Sys%5em PUD-11-1 PUD-12 Raw Material s

Anmount , gLns Rat i o—of —sptidcontentT A kygDrspersionT( REA-1165- 01) 95. 68
90 IPDI 4.32 10 Totdl (100 100 |PUD-11-2 |PUD-13|-Raw Mat eri alis Anount, s
Rati o of solid cante Al lkyd Di(spersion REA- 165- 01) 93.30 85 I PDI 6. 70
15 Total 100100 , P -3 (%UDM Raw Nargeria§ Amount | s|Ratio of solid
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| PDI 9.23 20 Total 100 100 PUD-11-4(PUD-15 Raw Materials Amount, s Ratio
of solid content Alkyd Dispersion (REA-1165-01) 88.07 75 IPDI 11.93 25
Total 100VQOB3MRAE cal cul at ed anount of al kyd di spersi on (PADS&EA19262 or
REA-1165) is charged into an enulsion reactor with a thernocoupl e,
agitator and kept efficiently stirred. Add the IPD to al kyd emul sion in
5-10 mnutes at roomtenperature. Wien IPDl is conpletely added, keep
stirring for another 30 m nutes at room tenperature, then keep it and
allowit to continue to react overni ght26 WO 02/ 31021 PCT/ S@1/00192 28
Adjust the pHto 7.5-8.0 using anmmoni a solution and test the physical
properties. The characteristics of the resulting PUDs are shown bel ow in
Tabl es 7, d 9. Tabl PUD- | -1 PUD-1-3 PUD-I-4 PUD 07
PUD- 08 PUDBIégT’W%mﬂg&Z%}r)St;&%eW%I%Rﬁhlge)yﬁi/%b. 00 42.85 44.42 45.85
110C, 1h) H 7.60 7.59 7.65 7.62 Viscosity, CPS 78 84 146 328 (Brookfield,
563,60 m

Examples of general procedures and ingredients for the preparation of 1K

polyurethane dispersions (PUD) are shown below:

Formula for PUD-I system

PUD-I-1(PUD-07) .

Raw Materials Amount, gms | Ratio of solid content (%)
Alkyd Dispersion (REA-1162-01) | 95.89 90

IPDI 4.11 10

Total 100 100

PUD-I-2(PUD-08)

Raw Materials Amount, gms | Ratio of solid content (%)
Alkyd Dispersion (REA-1162-01) | 93.62 85

IPDI 6.38 15

Total 100 100

PUD-I-3(PUD-09)

Raw Materials Amount, gms | Ratio of solid content (%o
Alkyd Dispersion (REA-1162-01) |91.20 80

IPDI 8.8 20

Total 100 100

PUD-I-4(PUD-10)

Raw Materials Amount, gms | Ratio of solid content (%
Alkyd Dispersion (REA-1162-01) | 88.60 75

IPDI 11.40 25

Total 100 100




Particle Size 0.772 13% 0, 439 0.778 14% 0. 453 0.789 18% 0.514 0.808 17%
0.593 0.471 17% 0. 143 0. 447 24% 0. 182 0.47121% 0. 144 0. 471 19% 0. 143 0.51
70% 0. 1539 0%3926205 0. 141 0. 164 61% 0, 161 0, 163 58% 0. 159PCHEGIE082p. yp- 11
PUD-11-1 PUD-11-2 PUD-11-3 PUD-11-4 PUD-12 PUD-13 PUD 14 PUD- 15
Appearance M| White NVMAb (110C, 42.95 44.35 46.18 47.39 |h) H7.61 7.64
7.60 7.65 Viscosity, CPS 226 154 250 1120 (Brookfield, S63, 60 m)
Particle Size (/gym) 2.879 94% 1.801 1443 90% 1, 740 2.435 87% 1. 798 6. 540
19% 4.249 0.604 6% 0. 263 0,597 10% 0, 287 0. 692 6% 0. 162 3, 127 51% 1. 754
0.487 7% 0. 182 WO 02/ 31021 PCT/ S@01/00192 29 0 3 N3 A.- NAANN MMV

V1ii-~-OM~N\DM 4~01-4--4NO-"-+ N.. UNN. \On'-ClcnyO
NNNON NPNorrcr)lu(ija %Ior%lt)t-ll%v%{em
PUD-II-1(PUD-12)
Raw Materials Amount, gms | Ratio of solid content (%)
Alkyd Dispersion (REA-1165-01) | 95.68 90 '
IPDI 4,32 10
Total 100 100
PUD-II-2(PUD-13)
Raw Materials Amount, gms | Ratio of solid content (%)
Alkyd Dispersion (REA-1165-01) | 93.30 85
IPDI 6.70 15
Total 100 100
PUD-II-3(PUD-14)
Raw Materials Amount, gms | Ratio of solid content (%)
Alkyd Dispersion (REA-1165-01) | 90.77 80
IPDI 9.23 20
Total 100 100
PUD-II-4(PUD-15)
Raw Materials Amount, gms | Ratio of solid content (%)
Alkyd Dispersion (REA-1165-01) | 88.07 75
IPDI 11.93 25
Total 100 100

The calculated amount of alkyd dispersion (PAD:REA-1162 or REA-1165) is

charged into an emulsion reactor with a thermocouple, agitator and kept

efficiently stirred.

Add the IPDI to alkyd emulsion in 5-10 minutes at room temperature.

When IPDI is completely added, keep stirring for another 30 minutes at room

temperature, then keep it and allow it to continue to react overnight.
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Adjust the pH to 7.5-8.0 using ammonia solution and test the physical
properties. The characteristics of the resulting PUDs are shown below in

Tables 7, 8 and 9.

Table 7
PUD-I
PUD-I-1 PUD-1-2 PUD-I-3 PUD-1-4
PUD-07 PUD-08 PUD-09 PUD-10
Appearance Milky White
NVM% 42.00 42.85 4442 45.85
110°C,1h)
pH 7.60 7.59 7.65 7.62
Viscosity, CPS | 78 84 146 328
(Brookfield,
$63,60rpm)
Particle Size 0.772 13% 0.439 | 0.778 14% 0.453 0.789 18% 0.514 0.808 17% 0.593
(1) 0.47117% 0.143 | 0.44724% 0.182 | 0.47121% 0.144 | 0.471 19% 0.143
0.51 70%0.153 | 0.14062% 0.141 0.164 61% 0.161 0.163 58% 0.159
Table 8
PUD-1II
PUD-II-1 PUD-II-2 PUD-1I-3 PUD-1I-4
PUD-12 PUD-13 PUD-14 PUD-15
Appearance Milky White
NVM% (110°C, | 42.95 44.35 46.18 47.39
1h)
pH 7.61 7.64 7.60 7.65
Viscosity, CPS 226 154 250 1120
(Brookfield, S63,
60rpm)
Particle Size (pm) | 2-879 94% 1801 | 2443 90% 1.740 | 2.43587% 1.798 | 6540 19% 4.249
0.604 6% 0.263 | 0.597 10% 0.282 | 0.692 6% 0.162 3,127 51% 1.754
0.487 7% 0,182
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|V Storage Stability Test Each of the al kyd di spersions (PADs) and 1K al kyd
pol yur et hane di spersions (PUDs) were exam ned for changes in viscosity, pH
and particle size at room
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tenperature for up to 6 nonths. Appearance stability of the dispersions of
the present invention at roomtenperature and high tenperature (50C) were
al so teswedy3wei ng the foll owi ng net hods: Room t enper at uP€T/Sa)1/@meEx k
appearance and test pH, viscosity and particle size of the dispersion

every week for the first two nonths, and then every two weeks thereafter
until 6 nonths. Record the tinme when the deposition of the dispersions
appeared and when it cannot be reversed through efficiently stirring, and
record the pH, viscosity and particle3gize data. b) Adjust the pH val ue of
the dispersion to the fixed value and record the change of the status,
viscosity and particle size of the dispersion every week for the first two
mont hs and then every two weeks thereafter until 6 nonths. Hi gh tenperature
(500 a) (hHéStomppddnihteTastd test pH, viscosity and particle size of the
di spersion every day. Record the tinme when the deposition of the

di spersions appeared and when it cannot be reversed and record the pH,

Yo the 1 xEach Brube alfyf EBeu Thar ShafEhe 3 EGaIRbNE4Eu ahPEribarli = Pe
size of tNEURPEISEARaRUALY FE1RNMEEL In MscoSRANGY 4 pacelesiof at Fogms esul ts

for a nunb exanpl es are shown below in s 10,11,12,13 and 14. WO

02/ 31021 PEHSGRAI0d308p t3% mbhthd, Appemaniesgebiditpof (RADjspstsiid of theof
particle size is shown in Table 10. During the 6 nonths of storage t here
was no si gpidsentitventiange roput teepsasture ped diigh termpoietiae, (5PHe) plare alsde and
vi scosity of djspersion ﬂecreasegW s the storage period increased. Table 10
Stability testad, semg thgdoHpwpg &e PADs) over six nonths storage

Room temperature:

a) Check appearance and test pH, viscosity and particle size of the dispersion
every week for the first two months, and then every two weeks thereafter until
6 months. Record the time when the deposition of the dispersions appeared
and when it cannot be reversed through efficiently stirring, and record the pH,
viscosity and particle size data.

b) Adjust the pH value of the dispersion to the fixed value and record the
change of the status, viscosity and particle size of the dispersion every week for
the first two months and then every two weeks thereafter until 6 months.

High temperature (50°C)

a) Check appearance and test pH, viscosity and particle size of the dispersion
every day. Record the time when the deposition of the dispersions appeared
and when it cannot be reversed and record the pH, viscosity and particle size
data.

b) Adjust the pH value of the dispersion to the fixed value and record the
change of status, viscosity and particle size of the dispersion every day until it

cannot be recovered.

The results for a number of examples are shown below in Tables 10,11,12,13
and 14.



at room tenperature {REA-1162-01, prepared: 24 Sept., 98; NVMo 38.6}. Tine
Particle Size Data pH Viscosity (CPS) pH Viscosity (nmonths) (CPS) 0 0.872
29% 0. 58WG@ 028¥03B0 0. 463 21% 0. 151 0.193 48% 0.164 1 M OPGPSGIBHMIL 586
7.03/ 0.461 18% 0. 139 0.15967%®.156 2 M 0.830 13%0.571 6.78/90 7.19/130
0.462 16% 0. 140 0. 154719%%. 153 3 M 0.850 13% 0. 653 6.56/92 7.18/98 0.463
16% 0. 140 0. 155 71% 0. 153 4.5 M 0.534 41% 6.36/50 0.536; 0.115.59%0.112 5
M 0. 535 46% 0. 553; 0. 117 6.16/22 54%0,118 6 M 0.946 9% 0. 436; 0. 423 5. 95/ 28
40% 0. 209; 0.126 51%0.121 7 M 0. 894 589 0. 413;0. 114 5.79/ 14 6.78/60

45%9. 1, 08 gH v e N ad ~ Table 11, Figure 1 and Figure 2 show
Vi scosi ty ﬁ%’a{ln?éﬁj{b(ﬂ(ﬁ sgérzi}%ﬁﬁg st or age perigod at a fixeg pH val ue, for
exanpl es ogtﬁ}%@ %@Aﬂ%ﬁ HSRahSWAn(PARE)10. 1REAs tHd 8nbRths ofABREAL, WO

02/ 31021 P
there was no significant change of the particle size. However, the pH value and

viscosity of dispersion decreased as the storage period increased.

Table 10 Stability test of alkyd dispersion (PADs) over six months storage
at room temperature {REA-1162-01, prepared: 24 Sept., 98; NVM% 38.6}.

Time Particle Size Data pH Viscosity (CPS) | pH Viscosity
(months) * (CPS)
0 0.872 29% 0.589 7.16/330

0.463 21% 0.151
0.193 48% 0.164
1M 0.823 15% 0.586 7.03/
0.461 18% 0.139
0.159 67% 0.156
2M 0.830 139 0.571 6.78/90 7.19/130
0.462 16% 0.140
0.154 71% 0.153
3IiM 0.850 13% 0.653 6.56/92 7.18/98
0.463 16% 0.140
0.15571% 0.153
45M 0.534 41% 6.36/50
0.536;0.115.59% 0.112
5M 0.535 46% 0.553;0.117 6.16/22
54% 0.118
6 M 0.946 9% 0.436;0.423 5.95/28
40% 0.209;
0.126 51% 0.121
™™ 0.894 55% 0.413;0.114 5.79/14 6.78/60
45% 0.108
* pH value not adjusted.

Table 11, Figure 1 and Figure 2 show viscosity change with respect to storage
period at a fixed pH value, for examples of PADs, (alkyd dispersion (PADs):
(REA-1165-02), AOGOSEA).



34 Table 11 008E-1; pH 6.67 O008E-2; pH 7,04 O08E-3; pH 7.57 O08E-4: pH

8.02 Ti HVisc. Time pH Visc. Tine pH Viso Tinme pH Vi CPS
(days) @@D"(Z@X ) CPS (days) CPS 0 6.67 310 0 7.04 1010%8’“?3.(%%%‘%0 0 8.02
5240 49 6.64 306 7 7.04 872 21 . 7.57 2596 21 8.04 5200 56 6.74 296 21
7.03 810 63 7.58 1956 91 8.06 5030 77 6.68 280 28 7.04 788 91 7.51 1826.
105 8.07 .5430 91 6.65 264 63 7.05 692 105 7.57 1952 133 8.40 3876 105
6.65 260 91 7.04 678 189 7.50 638 161 8.90 4850 133 6.62 156 105 7.05 732
189 8.84 2724 161 6.67 114 161 7.09 336 9 6.69 -100 189 7,14 288 Table
12 shows the deposition formation tinme. The honbgeneous status of al kyd

di spersions (PADS) may be recovered through efficient stirring. Table 12
The status change for al kyd di spersi ons { REA-1165-02, AOO8EA &

REA- 1167- 01, Ao004EA} Sanpl e Code pH Val ue Viscosity Appearance Deposit
(CPS) Appear ancgie tii e (weeks) REA-1165 008El 6.67 310 Wiite -2w X02 008E2

7.04 101phsROWHERBES TofE- 2360 0213w | 3854,8.762 5240 0bgdrohbr¥ehl ow 13w

REA- 1167 THAELEE] fBscWithge ] pE SWvisdOL 10@4H2 pE. T Ayisc DOAES | (oAl [>llisd
(days) CPS | (days) CPS | (days) CPS | (days) CPS
0 |667] 310 |0 7.04 ]1010 0 7.57 | 2160 0 8.02 | 5240
49 | 6.64| 306 |7 7.04 872 21 .| 7.57 | 2596 | 21 8.04 | 5200
56 | 6741 296 |21 7.03 |810 63 758 | 1956 | 91 8.06 | 5030
77 6681 280-.128 7.04 | 788 91 751 | 18261 105 8.07 |.5430
91 |[6.65] 264 |63 7.05 {692 105 | 7.57 | 1952 | 133 8.40 | 3876
105 | 6.65] 260 |91 7.04 | 678 189 | 7.50 | 638 | .161 8.90 | 4830
133 [ 6.62| 156 | 105 7.05 | 732 189 | 884 | 2724
161 | 667 114 |161 7.09 |336 .
189 | 6.69 1 ‘100 |189 |7,14 |288

Table 12 shows the deposition formation time. The homogeneous status of
alkyd dispersions (PADs) may be recovered through efficient stirring.

Table 12 The status change for alkyd dispersions {REA-1165-02, AOOSEA
& REA-1167-01, AOO4EA}

Sample Code pH Value | Viscosity | Appearance Deposit
(CPS) Appearance
time (weeks)
REA-1165 008E1 6.67 310 White ~Tw
#02 008E2 7.04 1010 $ ~Op
008E3 157 2160 4 >13w
' 008E4 ‘ 8.02 5240 nght Yellow >13w
REA-1167 004E1 6.70 ‘White R
#01 004E2 7.14 M . N ~Ow
004E3 7.47 d n
‘ 23w

IV-2, 1K Alkyd Polyurethane Dispersions (PUDs)



3 004E4 7.96 Light Yellow >23w [V-2, 1K Al kyd Pol yurethane Di spersions
(PUDs) WO 02/31021 PCT/ S@&1/00192 35 The results obtained fromone set of
exanpl es VU9 0B¢)831 are shown in Table 13, Figure 3 and Fi gB¢ESGIVURR t hose
froma further set of exanples of PUDs are shown in Table 14, Figure 5 and
Figure 6. Experinental information: (before reaction) PAD pH 6. 78, vise. 90
CPS (original pH 7.16, vise. 330 CPS) reaction tinme: after -2 nonths
(after reaction) adjust to pH-7.6 with_26% NH3/ H20 respectively after 1
day. Stabili ty Layer appearance time:3PUD-07: --11 weeks; PUD- 08:13

e 3 et BB Bin 8 SRR PR BB RS e
42.00 422 8%&53%@%& o, AR oy GOy HL6RpAY oAEDIR 023

SepL; 98, esin: AN 7.5 e' er Keep

time- - 2' mpiha 1&21%1@\14 MW@F&I&&@ pN 6:78; Vrsc: cP90 ) -
ReactlornPAD pH -6:78 ' "= 4.6=78 =4 .--6 78-, After PUD

process 6. 94 eQﬁngntaBmf@Iiﬁamle After overni ght 6.30 6. 17 6.42 6.58  NH,
H2O (26% 0.451100E 0.531100E 0. 38/ 100E 0. 43/ 100E Days
(before reaction) PAD pH 6.78, visc. 90 CPS (original pH 7.16, visc. 330 CPS)

reaction time: after ~2 months
(after reaction) adjust to pH ~7.6 with 26% NH3/H,0 respectively after 1 day.
Stability: Layer appearance tune: PUD-07: ~11 weeks; PUD-08:~13 weeks; all

others >6 months.

Table 13
PUD-I-1 . PUD-I-2 " PUD-I-3- | PUD-14
PUD-07-1 PUD-08-1 PUD-09-1 PUD-10-1
Date 261198 261198 261198 261198
NVM% 2200 3285 3442 | 4585
Original PAD pH |- 7.18 (REA 1162-01 A001E 23 Sept ;98 va '38:3; V‘sc cP330; Resm AN 7.53;
Keep time- -
Reaction:PAD pH : - 678
After PUD process 6.94
pH
After overnight 6.30 6.17 6.58
NH; H,0 (26%) 0.45/100E 0 53/1005 0. 43/1OOE
Days IpHES| Visc. |5 Visc. |: Visc.
0 77:60%] 78 84 328
8 7-33%] 94 106 634
11 - 760, 100 108 632
14 - w67 98 106 656
21 =168 92 104 626
35 .7-70z| 94 102 612
42 L1828 92 100 610
49 17.89'- 88 106 640
56 i7.9- 88 38 612
63 ~ 8.01: 88 98 560
77 7.92% 94 100 530 |
91 781 80 94 456" |
105 =803r.| 60 72 396
118 -8.11F] 72 : z| 80 420 |
133 58057 B4 [-2839%| 70 |ama: ‘ 380 |
147 7.98 68 831 | 72 [F*8%265] 110 446 |
161 791 [ 70 B8 78  [+810.4 128 490 |
175 7.79 72 8.01% | 72 | "B.06i-| 120 484 Y
189 784 | 70 801 | 70 | 807 [ 116 847 | 464 |
| Note ~11 weeks can | ~13 weeks can >27 weeks 527 weeks !\
L see layers see layers i |




PH Vise. s;pH Visc. = -~ Vise. pHVisc. 0 fT60 78 7-'5984 765,; 146

7x,80 '~ 328 8 7;33.: 94 7.59 106 tr 6:95 180 7.14 ;... 634 11 7.60.,.
100 a7.69y@02/311@B s7 e69 168 --7-62. - 632 14 . 7_698 10BCT/3GIN0292656 21
7,_68 92 104 8:05,2 = 170 '.8:15 --=- 626 35 7,:70 94102 8 :W4:;- 166

8:16:=:"r 612 42 e 7:82 92 =m 7.88 100 164 8:32=(r), 610 49 = 7.89",- 88
X;7_93: ' 106 8:71 176 X8:4 1<" 640 56 nv.9 88 .7.98 988: 57-e 164 8 -3612
63 8.01 88 847;: 98 "8 53 N 160 8.56 ' 560 77 7.92M 94 :8:39ti 100 t89;
160 e : 870 530 91 80 8.62T 948:7:7148 B 89-F-; F 456 105 8803 600 72 ";
=k$ _65~~" 110 396 119 '811:? 72 80 s 114 420 1 133 8.05' 648:39; 70 102 8
75rt - 380 147 7.98 68 8.31---" 72 110 8.68 - 446 _ 1 6 11 -7. 11- 70
-8:18' -: .. HBeBifentabEn{d2&t®N65 490 1 175 7.79 72 8.01. 72 8.06, 120 8,54
464 1 189 7.84 70 8,01 70_8. 7-_.116 8A4 Ks. 3 weeks
can >27 weelks 0}2766@&&@ el W‘gﬁaf %‘é%ﬁi@gﬁ’gg s 3&%‘2?%%61‘7 17 é0192

36 Experlqiﬁé i nformation: (before reaction) PAD pH 637, visc. 254 CPS
(original p vise. 4170 CPS) reaction time: >2 nonths

reaction time: >2 months
(after reaction) adjust to pH ~7.6 with 26% NH3/H,O respectively after 1 day.
Stability: Layer appearance time: PUD-12: ~19 weeks; all others>6 months.

Table 14
PUD:H-1 PUD-II-2 - SPUD-I-3 PUD-lI4
PUD-12-1 PUD-13-1 PUD-14-1 PUD-15-1
Date 011298 011298 011298 017298
NVM% 42.95 44 35 46.18 47 .39
Original PAD pH 7 28 (REA 1165-01, AOQZE;” 25 Septi98; NVM% V'sc cP4170; Resm AN’“‘IZ 81;
Keep time - ., ir > 2 months (30 Nov 8ENVM%6:39:825pH: 5“37 ;Visc., cP254) -
Reaction PAD pH SR TREE e
After PUD process pH 6.71 61.87 B 6.95 6 99
Afler overnight . 6.68 6.66 6.73 6.86
NH; H,0 (26%) 0.37/100e 0.32/100E O 32]1005 0.25/100E
Days -2PHEY Visc. [¥FPHEH Visc. |« Visc. [ »pHEE%| Visc.
0 7.6 226 | 7-64% 154 250 «, BE 1120
3 7515 | 246 753 170 238 |1 s
6 1617 247  |67:64= 198 272 #1.68F 1162
9 7.6 314 488 210 272 | 16074 1174
14 | 7.66.] 278 [-7.887 196 276 |- '8.00x | 1212 |
28 =77 286 ©7.84. 174 272 | "82-3,’1§:- S| 1374 |
35 7.88. 320 7.94:7] 2186 308 vB8i44: 1440
42 7.84 358 |- 8.02 224 294 847z 1340
49 7-87:] 262 - B~ 190 292 83554 1240
56 7.82 252 |..8:25%| 184 |z 8d7&-| 280 :'8@23,: 1236
63 7.86:, 248 18:29% 186 “281363L] 254 TIBA4R2: 1220 |
74 7885 238|817 166 2n8.080% 264 veoBEgR| 1168 |
91 774" 198 T7.94 - 158 ¥U842h{ 224 |--8:778-% | 1032
105 | 7.67°] 204 | 8.0f1 162 "8.24u:| 242 78:70 1082
119 | 7.64 136 | 7.89 130 B.29%7| 188 871 | 896
133 - 7.60- 132 | 7.83- 130 *8.442 190 8.64 | 830
| 147 1753 116 [ 780 112 825%] 162 | 8.59 830
‘ 161 7.51 | | 7.74 8206 | 8.50 _
| 175 741 | 108 7.65 104 8.31 144 8.37 8230
180 . 7.45 92 7.62 104 8.25 144 8.22 830
‘ Note | ~19weeks can >27 weeks >27 weeks >27 weeks
L see layers |




(after reaction) adjust to pH-7.6 with 26% NH3/ H20 respectively after 1.

day. Stability: Layer appearance tine: PUD-12: -19 weeks;-all others'>6

nont hs. W@PBY&0y pUD [1-1 PUD-I1-2 ,PUD-I1-3 PUD-II-4 PREX/SGON00PID- 13- 1

PUD-14-1 PUD-15-1 Date 011298 011298 011298 011298 NVMxp 42.95 44.35 46. 18

47.39 Oiginal PAD pH 7.28, (REA" 1165-01, AQO2E"25 Sept;-x98; NVMw-4p 65;

"Visc."cP4170; -Resih. AN 12.81; - =Color 3) "' - Keep tinme > 2

nont hs. (30; No98, ~NVWMB9: 82? pH , 6.'37;;Vsc., cP254): Reacti on PAD -pH

6:37 nr ;> After PUD process pH 6.71.6.87 6.95 6.99 After overnight .

6 68 6.66 6.73 6,86 NH, H20 (26% 0.37/100E 0.321100E 0.321100E 0. 25/ 1o0E
ti pH' =1 Avicgmpanisem, of gie. appsIrnae \Atalitypgl sPUBHWitR Wlam IJo81 226 7. 64

154 ''s7 7.4 238 6 7.61;
120047 ofirlpefatls s dRomy phh T B, 15480 e qufen 85065, 0= 272
7 60 1174depbditibn®® PUAY 8nd PAIBGpearcd96 276 - -8.00,-!, 1212 28 7:77-- 286
' 7.84= 174 x'8:15 272 -8'31- 1374 35 7.88- 320 7.94:= 216 8.23,,, - 308
8 44.- 1440 42 7.84 358 8.02 224 8718:x- 294 84-7r: 1340 49 7-87 262
8. 41w 190 " 2 ‘ 1236 63
7.86-,, & :29%%%&@??%"6%%% %@ﬁgﬁ%f%%’m? é‘ggﬁ aﬁgg x1.7 :: 166
815 8 264tenfperBure: 11 88 91 7=74 198 -7.94 158 ' "8:42, c. 224 878" 1032
105 7.67—204—..8.01 162 "8 24 242 — 8¥70 1082
|  Alkyd Dispersion Deposit Polyurethane Deposit
(PAD:s) appearance time Dispersion (PUDs) appearance
(weeks)
1 2 3 1 3
REA- #01/001E PUD-I-1 PUD-07 ~Sw
1162 PUD-I-2 PUD-08 >19w
PUD-I-3 | PUD-09 >19w
PUD-I-4 PUD-10 >19w
REA- #01/002E PUD-II-1 | PUD-12-1 ~19w
1165 PUD-II-2 | PUD-13-1 >19w
PUD-II-3 PUD-14-1 >19w
PUD-II-4 | PUD-15-1 >1%9w
#03/008EB | <2w | <5w | >11w | PUD-II-1- | PUD-12-3 | >llw
PUD-II-2- | PUD-13-3 | >1lw
#02/008EA | <3w | <5w | <6éw | PUD-II-3- | PUD-14-3 | <I3w
#04/009EA | <2w | <Ow | >9w PUD-14-4 <Tw
#06/013E-1 | <lw | <2w | <6w PUD-14-5-1| <2w | >6w
#06/013E-2 | <lw | <lw | PUD-14-5-2 | ~1w | ~1lw
#06/013E-3 | <lw | <lw PUD-14-5-3 | ~lw | ~Iw
#08/006EB-A | <3w | <3w | >3w PUD-14-6-1 | >3w
| #08/006EB-B | <lw | <lw | <lw PUD-14-6-2 | >1w | >3w

1. Samples kept still at room temperature, appearance change monitored,

2. Stability test at room temperature, with no adjustment of pH every time;

W)

Stability test at room temperature, with pH adjusted every time.

The products of the above examples were formulated with some additives to

test their film properties.



119 7.64 136 7.89 130 8.?7.9= 188 8:7.1 896 133 7.60- 132 7,93- 130 -8.44=
-J 190 8.64 830 147 7.53 116 7.80 112 8.25 162 8.59 830 161 7.51 7.74
8.26 8.50vVaQyy3P21¥1 108 7.65 104 8.31 144 8.37 83 180 7.4BCDIGF/@292104 8. 25
144 8.22 830 Note -19weeks can >27 weeks >27 weeks >27 weeks see |ayers
WO 02/ 31021 PCT/ SQ01/00192 37 A conparison of the appearance stability of
PUD with PAD at room tenperature is shown below in Table 15. This table
lists the time when the deposition of3%UD and PAD appeared. Table 15
Conparing t hg eppealanceaistability of PUDs with PADs at room tenperature:
Al kyd Di spersion Deposit Pol yurethane Deposit (PADs) appearance tine

Di spersi on (PUBDs}KapPagans elearvisaksvas forgatgd trepd mﬁ@@@mmm@
PUD-07 -9w 1162 ,PUDQ%@% ljlfl_ﬁ} 0%5 19w. PUD- | - 3 PUD- 09 >19V\{i E%D 11-14 PUD- 10
>19w REA- #OFPUBOE ri=13. pdie; $03ting GRMBCFEETPGBMAIssdpi. 13llgwing oy
PUD- H 3 PUD-.14-1.>t19w PUD-11-4 PUD-15-1 >19w 903/ 008EB <2w <5w >11w
PUD- I I -1- PUBSESICRS) 1\ pUD- 1 1-2- PUD-13-3 >11w

Materials Amount/g

PUD-12-3 126.36 (PUD-II-1),
NVM: 41.07

Servosyn Web Co.8% 0.99

Active 8, 38% 0.29

Butyl Cellosolve 15.0

Exxol D-40 0.77

Total 143.41

The additives were added and mixed efficiently. The sample was then drawn
on the substrate - glass, paper, wood, tin and aluminium, at a wet thickness of
about 3mm. All panels were cured at room temperature for 7 days before being
subjected to physical testing in accordance with the ASTM methods.

Coating characteristics and dry film properties are set out below:

Weight of solid % 36.9
Viscosity (s63, 60rpm) 476
Film appearance Clear, glossy, soft and flexible

Gloss (glass, 60°) (ASTM D523)

173

Pencil Hardness (glass, scratch) | HB
(ASTM D3360)
Sward Hardness (ASTM D2134) | 24
Color, Yellowing 13.40
Dry Time: (ASTM D1640)
Set to touch 30 min
Tack free 85 min
Thorough dry 100 min
Adhesion (Al 10x10, Imm) 100/100 passed
(ASTM D3359)
Bending Test (Al) Crazing lines formed between

clearance 5~15mm

Impact Test (ASTM G-14)

Direct Impact

> 30 in-1bs

Indirect Impact

< 15 1in-lbs




902/ 008EA <3w <bw <6w PUD-11-3- PUD 14-3 <13w 904/ 009EA <2w <9w >9w

PUD- 14-4 <7w 406/013E-1 <lw <2w <6w PUD- 14-5-1 <2w >6w #06/ 013E-2 <l1lw <iw
PUD- 14- 530 02/§102ly 906/ 013E-3 <l w <l w PUD- 14-5-3 - 1w - 1wPCHOEIIBEEB- A <3w
<3w >3w PUD- 14-6-1 >3w 408/ 006EB-B <l1lw <lw <lw PUD- 14-6-2 >l w >3w 1.

Sanmpl es kept still at roomtenperature, appearance change nonitored; 2.
Stability test at roomtenperature, with no adjustnent of pH every tineg;

3. Stability test at roomtenperature, with pH adjusted every tine. The
products of the above exanples were formgy ated with some additives to test
their filmproperties. WO 02/31021 PCT/ SG&01/00192 38 1K PUD clear coat 1.
A 1K PUD gl oss clear coat was fornul ated based on al kyd pol yur et hane

di spersi on QPUDIKIPUD lohhelosealeangostonpoirtiutated baped s dlityklep dlgl:tenhdmreg
ingredients: Materials Amount/ PUD-12-3 126.36 (PUD-1]1-1), NvVM 41.07
Servosyn Veldispergion 0(RIID-IAS)i vgrh& cg8umD. PIPBiftan coainissd| the followinexxol
D-40 0.77 Total_ 143.41 The additives were added and m xed efficiently. The
sanpl e was iRESdEMtin  on the substrate - gl ass, paper, wood, tin and

alum nium at a wet thickness of about 3mm All panels were cured at room
tenperature for 7 days before being

Materials Amount/g

PUDB-14-7 126.26 (PUD-II-3)
NVM% 43.87

Servosyn Web Co.8% 1.04

Active 8, 38% 0.31

Butyl Cellosolve 15.3

Exxol D-40 0.82

Total 143.73

The additives were added and mixed efficiently. The sample was then drawn
on the substrate - glass, paper, wood, tin and aluminium, at a wet thickness of
about 3mm. All panels were cured at room temperature for 7 days before being

subjected to physical testing in accordance with the ASTM methods.

Coating characteristics and dry film properties are set out below:

Weight of solid % 36.9
Viscosity (s63,60rpm) 242
Film Appearance Hazy, hard film
Gloss (glass 60°) 36.1
Pencil Hardness (glass, scratch) | F
Sward Hardness . 10
Color, Yellowing 14.61
Dry Time:
Set to touch 20
Tack free 30
Thorough dry 30
Adhesion (Al 10x10, Imm) 100/100
Bending Test (Al CrazingatO0 T
Impact Test
Direct Impact >20 in-lbs
Indirect Impact <5 in-lbs




subj ected to physical testing in accordance with the ASTM net hods. Coati ng
characteristics and dry filmproperties are set out below Wight of solid
% 36. 9 ViR 8HBY1 (s63, 60i m 476 Fil m appearance C ear, gPEH8§G01I/@dx and
flexible doss (glass, 60 (ASTM D523) 173 Pencil Hardness (gl ass, scratch)
HB (ASTM D3360) Sward Hardness (ASTM D2134) 24 Col or, Yellow ng 13.40
Dry Tinme: (ASTM D1640) Set to touch 30 min Tack free 85 mn Thorough dry
100 m'n Adhesion (A 10x10, Inm 100/ 100 passed (ASTM D3359) Bendi ng Test
(Al') Crazing lines formed between cl earédnce 5-15nm | npact Test (ASTM G 14)
Direct Inmpact > 30 in-Ibs Indirect Inpact < 15 in-l1bs WO 02/ 31021

PCT/ S&1/00192 39 2. A 1K PUD | ow gl oss cl ear coat was fornul ated based on

al kyd pol yur et ha | spersi on PUD 3 sition
conprised the gd&ﬁ‘eg&ﬁ%gowigi%ﬁséééaéﬁtoé WI% %‘W‘gf@%ii‘?é?fﬂgﬁ %%W@Q‘Be 26
(PUD-11-3) ﬁv pe@sﬁ)%‘ %IZUD-HQ). The coating composition comprises the following

ingredients:

Materials Amount/g L

PUD-13-3 45.00 (PUD-II-2)
NVM% 42.62

Servosyn Web Co.8% 0.353

Active 8, 38% 0.10

Butyl Cellosolve 5.29

Exxol D-40 0.277

Total 51.02

The additives were added and mixed efficiently. The sample was then drawn
on the substrate - glass, paper, wood, tin and aluminium, at a wet thickness of

about 3mm. All panels were cured at room temperature for 7 days.

The film 1s clear, hard and flexible, and has a gloss appearance between those

of examples 1 and 2 above.

1K PUD White Paint
1. A 1K PUD white paint was formulated based on alkyd polyurethane

dispersion (PUD-II-1,3). The formula and procedure are shown below:

(PUD-II-1)PUD-12-3 (PUD-II-3)PUD-14-3
Materials Amount/g Amount/g
Grind Paste
PUD 65.30 66.92
Dowanol DPM 6.62 7.36
Butyl Collosolve 13.27 14.74
Disperbyk 190 3.31 3.68
Surfynol DF-210 0.79 0.88
Ti-Pure R 902 66.29 73.66




Servosyn Wb Co.8% 1.04 Active 8, 38%0.31 Butyl Cellosolve 15.3 Exxol
D-40 0.82 Total 143.73 The additives were added and m xed efficiently. The
sanpl e w0 PH&W2Hrawn on the substrate - gl ass, paper, WBGEHSGIVWIENd

alum nium at a wet thickness of about 3mm All panels were cured at room
tenperature for 7 days before being subjected to physical testing in
accordance with the ASTM net hods. Coating characteristics and dry film
properties are set out below. Wight of solid % 36.9 Viscosity (s63,60 m
242 Fi |l m Appearance Hazy, hard film G dds (glass 60 36.1 Pencil Hardnes
(glass, scratch) F Sward Hardness-10 - Color—Yellpwing 14. 61 Dry Tinge:
Set to toudiRid@e Tack free 30 |Thorough d 30 Adhesion (Al 10x10, 1mm)
100/ 100 Ber{dmityll€stlofoig¢ Crazi ng8etc O T Inpact TesR0B rect |npact >20
in-1bs Indigggy |nmpact <5 in-lhsgMO 02/31021 PCT/ S@RE 00192 40 3. A {IK
PUD | ow gl sﬁetk'fl)gﬁlf'n coat—was formutatedbased onaf kKyd potyuretitane

PUD 96.07 98.45
Final Additives

Servosyn Web Zr 12% | 1.06 1.18
Servosyn Web Co 8% 0.79 0.88
Butyl Cellosolve -1 1.33 1.47
Total 275.06 291.68

The additives were added and mixed efficiently. The sample was then reduced
to a proper application viscosity with deionized (DI) water and drawn on the
substrate - glass, paper, wood, tin and aluminium. All pahels were cured at
room temperature for 7 days before being subjected to physical testing in
accordance with the ASTM methods.

Coating characteristics and dry film properties are set out below:

(PUD-II-1) PUD-12-3 | (PUD-II-3) PUD-14-3

Weight % Solid 50.3 49.3

Viscosity (KU) 93 90

pH 7.91 8.21

Dispersion (H) 6~7 6~7

Sag (ASTM D4400) Clearance 8 Clearance 12

Gloss (ASTM D523) 62.5 64.2

Hiding (ASTM D2805) Out of crytometer £ Out of crytometer £
0.0005 range 0.005 range

Pencil Hardness, HB F

(Wet film thickness 120m)

Yellowing 5.34 4.64

2. A 1K PUD white paint was formulated based on alkyd polyurethane

dispersion (PUD-II-1). The formula and procedure are set out below:



di spersion (PUD-I1-2). The coating conposition conprises the follow ng

I ngredients: Materials Anount/ PUD 13-3 45.00 (PUD-11-2) NVMAb 42. 62

Ser vosyn W@B2/83928% 0. 353 Active 8, 3 8% 0.10 Butyl Cel | BeHPG/®IPO Exxol
D-40 0.277 Total 51.02 The additives were added and m xed efficiently. The
sanple was then drawn on the substrate - gl ass, paper, wood, tin and

alum nium at a wet thickness of about 3nm All panels were cured at room
tenperature for 7 days. The filmis clear, hard and flexible, and has a

gl oss appearance between those of exarrghes 1 and 2 above. 1K PUD Wite

Pai nt 1. A-1K-PUB—whit t
L e P IR IEs, Tocy on AT Ky pol yur ethane
(PUD-11-1 PUD-12-3 PUD-11-3 PYDiHUD- %tléﬁr% g WhsEMD-12r0untl/ g Gi nd
Paste PUD B5.30 66.92 Dowanpl DPM 6.62 7.36 [B3Ry1)3 Coll osol Ve 13.27 14.74
Di sper byk 3.68 Sur 210 0.79 k- Pure R 902 .2
73. 66 WD 02 afgi*i‘ﬂspa/ SEOH 00 }f*gr“i’l’“’% B #unty 902 66. 29

Grind Paste

PUD12-3 65.30 65.30

Dowanol DPM 6.62 6.62

Butyl Cellosolve 13.27 13.27

Disperbyk 190 3.31 3.31

Surfynol DF-210 0.79 0.79

Ti Pure 706 66.29

Ti-Pure 960 66.29

Rinse

Butyl Cellosolve 18.56 18.56

Exxol D-40 1.67 1.67

Let-Down

PUD-12-3 96.07 96.07

Final Additives

Servosyn Web Zr 12% | 1.06 1.06

Servosyn Web Co 8% | 0.79 0.79

Butyl Cellosolve 1.33 1.33

Total 275.06 275.06

The additives were added and mixed efficiently. The sample was then reduced
to a proper application viscosity with de-ionised water and drawn on the
substrate - glass, paper, wood, tin and aluminium. All panels were cured at
room temperature for 7 days before being subjected to physical testing m
accordance with the ASTM methods.

Coating characteristics and dry film properties are set out below:

WD-PUD-12-DR-02 | WD-PUD-12-DR-03
Weight % Solid 50 ' 49.5
Viscosity (Krebs units, KU) | 93 90
Dispersion (H) 7 7
Sag Clearance:10 Clearance: 6
Gloss, 60° (3mm on paper) | 90 55.9
Pencil Hardness, F F
(Wet film thickness 3mil)
Yellowing (3mil on paper) | 3.23 3.24 ]




Ri nse Butyl Cellosolve 18.56 20.6 Exxol 1.67 1.86 Let-Down PUD 96. 07
98.45 Final Additives Servosyn Wb Zr 12% 1.06 1.18 Servosyn Wb Co 8%
0.79 0. 88WOBt3921Cel | osol ve 1.33 1.47 Total 275.06 291. 6@PCTIHIANHIRt i ves
wer e added and mi xed efficiently. The sanple was then reduced to a proper
application viscosity with deionized (D) water and drawn on the substrate
- glass, paper, wood, tin and alum nium Al panels were cured at room
tenperature for 7 days before being subjected to physical testing in
accordance with the ASTM net hods. Coati Mg characteristics and dry film
properties are set out below PUD-I1-1 PUD-12-3 PUD-11-3) PUD 14-3 Wi ght
% Sol i d 50. 3349\ 31K BEEYiwhitg mgntgsvagolonmylated beseg) OﬂDﬁéﬁUér gpbretipng- 7
6-7 Sag (ASTMspé40s) (FUedi-dhc@hs fareainanderofedudt asssqtASTREDSR3) 62.5 64. 2
H di ng (ASTM D2805) CQut of crytonmeter f Qut of crytometer f 0.0005 range
0.005 range Pencil Hardness, HB F _(Wet filmthickness 120/1n) Yell ow ng

5.34 4.64 P A 1K PUD white pai nt (REBI1I-0IPUDa1L 46 based on al kyd
pol yur et hang WD-PUD-14-DR-03__| WD-PUD-14-DR-04

Materials Amount/g Amount/g
Grind Paste
PUD14-3 66.92 66.92

| Dowanol DPM 7.36 7.36
Butyl Cellosolve 14.74 14.74
Disperbyk 190 3.68 3.68
Surfynol DF-210 0.88 0.88
Ti Pure 706 73.66 :
Ti-Pure 960 73.66
Rinse
Butyl Cellosolve 20.6 20.6
Exxol D-40 1.87 1.86
Let-Down
PUD-14-3 98.45 98.45
Final Additives
Servosyn Web Zr 12% 1.18 1.18
Servosyn Web Co 8% 0.88 0.88
Butyl Cellosolve 1.47 1.47
Total 291.68 291.67

The additives were added and mixed efficiently. The sample was then reduced
to a proper application viscosity with DI water and drawn on the substrate -
glass, paper, wood, iln and aluminium. All panels were cured at room:
temperature for 7 days before being subjected to physical testing in accordance
with the ASTM methods.

Coating characteristics and dry film properties are set out below:



di spersion (PUD-I1-1). The fornmula and procedure are set out bel ow. WO

02/ 31021 PCT/ S01/00192 42 (PUDII-1)PUD 12-3 WD PUD-12-DR-02 WD- PUD- 12-
DR- 03 Matve@ PZB¥2Inpunt/ g Anount/g G ind Paste PUD12-3 65PGDSE8/®192 Dowanol
DPM 6. 62 6.62 Butyl Cellosolve 13.27 13.27 Disperbyk 190 3.31 3.31
Surfynol DF-210 0.79 0.79 Ti Pure 706 66.29 Ti-Pure 960 66.29 Rinse Butyl
Cel | osol ve 18.56 18.56 Exxol D-40 1.67 1.67 Let-Down PUD 12-3 96.07 96. 07
Final Additives Servosyn Wb Zr 12% 1.06 1.06 Servosyn Wb Co 8% 0.79 0.79
Butyl Cellosolve 1.33 1.33 Total 275.084275.06 The additives were added

and m xed efficiently. The sanp st henreduced o—a—proeper—apphi cation
viscosity With de-ionised water jiNHDd]?H%lﬂnDRT{@ sW TPmbl{:ﬁ(ﬁ’ﬁg; paper ,
wood, tin andeahusi Boum All paneMs.were cured at 4b@m tenperature {for 7
days bef ore@g&&gtysm}ect ed to physical testing in 91

Dispersion (H) 7 7

Sag Clearance >26 mm Clearance >26mm

Gloss, 60° (3mm on paper) | 67.1 42.4

Pencil Hardness, F F

(Wet film thickness 3mil)

Yellowing (3mil on paper) |3.24 3.24

Low VOC waterborne alkyd 2K polyurethane.

A 2K high gloss varnish was formulated based on polyol alkyd dispersion. The
crosslinker for the system was RHODOCOAT WT-2102, an aliphatic
polyisocyanate from CRHODIA. The ratio of NCO/OH was 1.1/1.

Two-component low VOC waterborne PU Clearcoat based on polyol alkyd
dispersion and RHODOCOAT WT-2101. The starting formulation is below:

Ingredients Weight
%
Part 1 | REA-1165-09 71.53
{NVM% 38.52, Eq.wt.(OH): 298¢ (solid)}
Surfynol 465 0.19
DI water ’ 7.45
BYK307 0.07
BYKO011 0.10
BYK348 0.35
Part2 | RHODOCOAT WT 2102 20.28

The part 1 and part 2 were added and hand mixed. The sample were then
reduced to a proper application viscosity (62 Kus) with DI water and drawn on
Q panels for testing. All panels were cured at room temperature for 7 days
before being subjected to the physical testing in accordance with the ASTM

methods.



accordance with the ASTM net hods. Coating characteristics and dry film
properties are set out below. WD PLED 12-DR-02 WD- PUD-12-DR-03 Weight %
Solid 50WMOIE3NRKcosity (Krebs units, KUY 93 90 Di spersiBAT/S6N/0IN Sag

Cl earance: 10 Cl earance: 6 doss, 60 (3mm on paper) 90 55.9 Pencil
Hardness, F F (Wt filmthickness 3ml) Yellowng (3m| on paper) 3.23
3.24 WD 02/ 31021 PCT/ SQ01/00192 43 3. A 1K PUD white paint was fornul ated
based on al kyd pol yuret hane dispersion (PUD-I11-3). The formnmula and
procedure are set out below UD -3 PUD4k4-3 WD- PUD- 14- DR- 03

WD- PUD- 14- DR-04 WMaterials Anount/g Amount/ Gind Paste PUD 14-3 66.92

66.92 Dowanal_.DPM.7, 7 el ve 14.74 14.74 Disperbyk 190
3.68 3.68 @fi’raf%o haﬁg@qﬁ‘%ﬁt‘?‘g%‘@w&mﬁéﬁ#ﬁ%oe 73.66 Ti-Pure 960y73. 66

Rinse ButyIGElhP8OKYEdLPak 178krB2) EXXOl [Bo991. 87 1.8
Viscosity 62 Kus
VOC (gram/liter) <50g/liter
Impact-Direct (inch/lbs) 80
Mandrel testing (ASTM D522-88) Pass 1/8 inch
Pencil Hardness H
Gloss 20°/60° .83.7/91.8
Crosshatch Adhesion (ASTM D3359) | 5B
Dry time (1.8 mm DFT) 10 hours
MEK Double rubs (ASTM D4752) 100+

In this specification the term “comprising” means “including or consisting of”

and the term “comprises” means “includes or consists of”.

The features disclosed in the foregoing description, or the following claims, or
the accompanying drawings, expressed in their specific forms or in terms of a
means for performing the disclosed function, or a method or process for
attaining the disclosed result, as appropriate, may, separately, or in any
combination of such features, be utilised for realising the invention in diverse

forms thereof.



Let- Dowmn PUD-14-3 98.45 98.45 Final Additives Servosyn Wb Zr 12% 1. 18
1.18 Servosyn Wb Co 8% 0.88 0.88 Butyl Cellosolve 1.47 1.47 Total

291. 68 29W092/3101e additi ves were added and nmi xed effici eMANRGOTIHEIZanpl e
was then reduced to a proper application viscosity with DI water and drawn
on the substrate - glass, paper, wood, ili and alum nium Al panels were
cured at room tenperature for 7 days before being subjected to physical
testing in accordance wth the ASTM neté®mds. Coating characteristics and
dry filmproperties are set out below. WD 02/31021 PCT/ SG01/00192 44

WD- PUD- 14- DREQAIMS PUD- 14- DR-04 Weight % Solid 46.1 47.7 Viscosity (KU 90
91 Dispersion (H 7 7 Sag C earance >26 nun CI earance >26mm d oss, 60
(3mm on paper) 67.1 42.4 Pencil Hardness, (Wet film thickness 3m )

bol yuret nanet. A o RERRU,(a8dod a3 %&%gyf?%sﬁ%ﬁ@%{ s B kG ien vy
di spersi on. JP%ea&ixﬂﬁﬁJoﬂW%Byleﬁ@rOIhw XIYE maha%ﬂRlaQ@CE%T d@éoaooﬁéu

aliphatic polyisocyanate from CR e ratio of N was 1.
Two- conponenfolloave VB amtstehficateorPkie@l ca”arm&hcbﬁse&suharﬂoﬂnyodhreaﬂqud the

alcoholysis step with an acid and/or an acid anhydride, and a polyhydroxy
compound with the esterification - step being termiinated on reaching a

predetermined acid value or predetermined viscosity.

2. A method according to Claim 1 wherein the oil is safflower oil.
3. A method according to Claim 2 wherein the oil is soybean oil.
4, A method according to any one of the preceding claims wherein the

polyhydric alcohol and/or the polyhydroxy compound is pentaerythritol.

5. A method according to any one of the preceding claims wherein the acid

is p-t-butyl benzoic acid or benzoic acid.

6. A method according to any one of Claims 1 to 4 wherein the acid is,

and/or the acid anhydride corresponds to, a polybasic acid.

7. A method according to Claim 6 wherein the acid is isophthalic acid.

8. A method according to Claim 6 or Claim 7 wherein the acid anhydride 1s
phthalic anhydride.

0. A method according to any one of the preceding claims wherein the

PEG has a molecular weight in the range of 3000-3700.



di spersi on and RHODOCOAT WI-2101. The starting fornulation is bel ow

I ngredi ents Weight Part 1 REA-1165-09 71.53 {NVM4% 38.52, Eq.wt.(OH): 298¢
(solid)} VBap¥y9dl 465 0.19 DI water 7.45 BYK307 0.07 BRRDIGOH01L BYK348
0.35 Part 2 RHODOCOAT WI 2102 20.28 The part 1 and part 2 were added and
hand m xed. The sanple were then reduced to a proper application viscosity
(62 Kus) with DI water and drawn on Q panels for testing. Al panels were
cured at roomtenperature for 7 days before being subjected to the
physical testing in accordance with the4ASTM nethods. WO 02/ 31021

PCT/ SG01/ 00192 45 Coating Characteristics and Dry Film Properties. Wight
% Solid (Part 1/Part 2) 39.59 Viscosity 62 Kus VOC (gramliter)

<50g/liter |Inpact-Direct (inch/lbs) 80 Mandrel testing (ASTM D522-88) Pass

S et EeneLl e U o 20 O B S e
(Ii)gngZ)st Ilgg+l)]|tcg19}gr|§ms c Eh&i%feﬁ?ﬂep&of[ erm "conprising" nmeans "incl ’l.ldl ng or
11. A method of making an aqueous polyol alkyd resin dispersion, (PAD),
comprising the steps of heating in a reactor a predetermined amount of water,
and a predetermined amount of an amine, to a dispersing temperature, and
pouring into the reactor, with stirring, a polyol alkyd resin, which has been
heated to a melt state, at such a rate that the temperature of the mix in the
reactor is no more than about 5°C above the dispersing temperature, with the
temperature in the reactor being held at about the dispersing temperature for a

period of time after the addition of the resin.

12. A method according to Claim 11 further comprising the steps of cooling
the mix to room temperature and adjusting the pH and/or solids content of the

dispersion.

13. A method according to Claim 11 or Claim 12 wherein the amine is
triethylamine, 2-amino-2-methyl-1-propanol, dimethylethanol amine (DMEA),

or ammonia solution.

14. A method according to any onc of Claims 11, 12 or 13 wherein the

dispersing temperature is in the range of 55°-70°C.

15. A method according to any one of Claims 11 to 14 wherein the

dispersing temperature is in the range of 60°-65°C.



and the term "conprises” neans "includes or consists of'. The features

di sclosed in the foregoing description, or the followng clains, or the
acconpanyW@02#ieds ngs, expressed in their specific fornms ACTHIGHBPIR of a
means for perform ng the disclosed function, or a method or process for
attaining the disclosed result, as appropriate, may, separately, or in any
conbi nation of such features, be utilised for realising the invention in
diverse forns thereof. WO 02/31021 PCT/ SG01/00192 46 CLAIMS : 1. A

met hod of making a polyol alkyd resin céprising an al coholysis step of
reacting pol yethylene glycol (PEG, an oil and a pol yhydric al cohol;
followed by an esterification step of reacting the resuLtant m xture from
the al coholigsi s Astephod advoadingdp dnsmaesy Gamaeild tadRywppgel thegmape is

pol yhydroxy conmpound with. the esterification.- .step; \bei termnated on
reachi ng a apdedier ér%okebatéft?@o\?&&&%ﬂ&‘? resqek Qfﬁiﬁﬁghov‘(vét@grsef?ﬁcrp C) tth&

nmet hod accordi.ng to Caim1l wherein the oil is safflower oil. 3. A nethod
according t&8%¥aim2 wherein the oil is soybean oil. 4. A nethod according
to any one of the preceding clains wherein the polyhydric al cohol and/or
t he pol yhydroxy conmpound is pentaerythritol. 5. A method according to any
one of the preced agthddbosordheyr i Gldimel Gwibdreinghp-amihety hddeth mordnelsi d or
benzoic acid. 6. A nethod according to any .one. of %l ins.1l to 4 wherein the
acid is, amattormohst acibe r@:hg\%/@ff)éeoﬁé’rlr%%glﬁﬁpﬁf%,Ozhep’{ﬂsﬁfbasi c acid. 7. A
met hod according to Claim6 wherein the acid is isophthalic acid. 8. A

nmet hod according to Caim6 or aim7 wherein the acid anhydride is

phthalic ang%gdriggmwﬁggéﬂgﬁ%%gﬁ %@%f@%&%ﬂ}{ 19N& 9F WhéEeRI BRI

cl aims wherein ar weight 1n the range of 3000-3700.
content of the dispersion is in the range of 35-45%.

19. A method according to any one of Claims 11 to 18 wherein the solids

content of the dispersion is in the range of 38-40%.

20.  An aqueous polyol alkyd resin dispersion, (PAD), made according to the

method of any one of Claims 11 to 19.

21. A method of making an aqueous polyurethane dispersion (PUD) from a
polyol alkyd dispersion (PAD) comprising the steps of heating in a reactor a
predetermined amount of water, and a predetermined amount of an amine, to a
dispersing temperature, and pouring into the reactor, with stirring, a polyol
alkyd resin, which has been heated to a melt state, at such a rate that the
temperature of the rix in the icacior is no more than about 5°C above the
dispersing temperature, with the temperature in the reactor being held at about
the dispersing temperature for a period of time after the addition of the resin.,

followed by reaction with an isocyanate chain extender..

22. A method according to Claim 21 further comprising the steps of cooling
the mix to room temperature and adjusting the pH and/or solids content of the

dispersion.



WO 02/ 31021 PCT/ SG01/00192 47 10. A polyol alkyd resin nade according to
the method of any one of Cains 1 to 9, or a nethod equival ent thereto.
11. A net WOP26024aki ng an aqueous pol yol al kyd resin di spdiEVEH1/00PAD) ,
conprising the steps of heating in a reactor a predeterm ned anount of
water, and a predeterm ned anount of an amne, to a dispersing
tenperature, and pouring into the reactor, with stirring, a polyol alkyd
resin, which has been heated to a nelt state, at such a rate that the
temperature of the mix in the reactor i4’ no nore than about 5C above the
di spersing tenperature, with the tenperature in the reactor being held at
about the dispersing tenperature for a period of time after the addition

of the resinjg 12.A AnsBbRostRegaLdiongldidn &l abiCldinf o0t hekrGanmel shig §he
steps of cooling the mx to roomterrper ature and adjusting the pH and/or

sol i ds cont dfitthglarhiine, 2eisper 2inethylt B-prépanet hdichedlcylotidinod atonCI(BMEA), or
Claiml1l2 wherein the amne is triethylamne, 2-am no-2-nethyl- 1-prop

anol , di et wla@%maw@lso}ﬁﬁ% (DVEA), or ammonia solution. 14. A nethod
according to any Uric of Clainms 11, 12 or 13 wherein the dispersing
tenperature is in the range of 55-70C. 15. A nethod according to any one of

50 65C. VD 091 31001 BN SUBLIBBEGS “He b A ket Rod ack crd na L anione of

dainms 11 t%%y'%ré’m%&hﬁeﬂahﬁe@mﬂ‘&e'rﬁn agfesk-ype@ nol e ratio amount in the
range of 0.3 0:1°0 with respect to% resin. 17. A method according to

Claim16 wherein the amine is added in a nole ratio anmount in the range of
0.6-0.95:1.0 with-respect to the resin.
25. A method according to any one of Claims 21 to 24 wherein the

dispersing temperature is in the range of 60°-65°C.

26. A method according to any one of Claims 21 to 25 wherein the amine is
added in a mole ratio amount in the range of 0.3-1.0:1.0 with respect to the

resin.

27. A method according to Claim 26 wherein the amine is added in a mole

ratio amount in the range of 0.6-0.95:1.0 with respect to the resin.

28. A method according to any one of Claims 21 to 27 wherein the solids

content of the dispersion is in the range of 35-45%.

29. A method according to any one of Claims 21 to 28 wherein the solids

content of the dispersion is in the range of 38-40%.

30. A method according to any one of Claims 21 to 29 wherein the chain

extender is an isocyanate-containing compound.

31. A method according to any one of Claim 30 wherein the isocyanate-

containing compound is an aliphatic compound.



18. A nmethod according to any one of Clains 11 to 17 wherein the solids
content of the dispersionis in the range of 35-45% 19. A nethod according
to any onWOiR23@2dins 11 to 18 wherein the solids content RET/SGHE/08I93per si on
is in the range of 3 8-40% 20. An aqueous pol yol al kyd resin dispersion,
(PAD), nmade according to the nethod of any one of Clainms 11 to 19. 21. A
nmet hod of maki ng an aqueous pol yur et hane di spersion (PUD) froma polyol

al kyd di spersion (PAD) conprising the steps of heating in a reactor a
predet ermi ned anount of water, and a pres@term ned anmount of an amne, to a
di spersing tenperature, and pouring into the reactor, with stirring, a

pol yol al kyd resin, which has been heated to a nelt state, at such a rate
that the tenperature of the mix in the ieac,oi iiS no nore than about 5C
above the dBaper #i myethedpecerding toi Clrithe Ot dpéd atiicseiin thendspemeats:

bei ng held at about the digpersig&@te ezraturet for a period of tinme after
t he additi onceftayiae caEIPRUNd 1§ PP Be@'lsroézgé{‘? bn with an isocyanate chain
extender.. 22. A nethod according to Claim?21 further conprising the steps
of cooling the mx to roomtenperature and adjusting the pH and/or solids
content of the dijxswtﬁb@nacomiﬁgl@l@ﬂﬁ@w SERHiA08R21s08PaRide-cAntmeiingd
according to Caim21 or Caim22 wherein the amine is triethylamne,

2- am no- 2- nethibolndivpaammatiti cehpyiret hanol am ne (DVEA), or ammoni a
solution. 24. A nmethod according to any one of Clains 21, 22 or 23 wherein
the dispersing tenperature is in the range of 55-70C. 25. A nethod

according to_any qne o ains .21 to 24 wherejn.the | Speksi rature
is in the radge o 6@3%98 ASOrAIRE G 1Y g@Eo?%i § 1 @njgoﬁge \%ﬁe}a%gﬂ%lg 21
to 25 wherein th ' L S; WA ; )l; i@ anount in the range of
(273 oSS BbIE RSB ARt e Wil

35. A method according to any one of Claims 21 to 29 wherein the chain

extender is an aziridine-containing compound.

36. A method according to any one of Claims 21 to 35 wherein the range of
equivalents of the chain extender to the solids content of the polyol alkyd

dispersion is in the range of between 10:90 and 30:70.

37. A method according to any one of Claims 21 to 36 wherein the range of
equivalents of the chain extender to the solids content of the polyol alkyd

dispersion 1s in the range of between 10:90 and 20:80.

38. A method according to any one of Claims 21 to 37 wherein the range of
equivalents of the crosslinker to the solids content of the polyol alkyd

dispersion 1s about 15:85.

39. A method according to any one of Claims 21 to 38 wherein the reaction

is performed in the temperature range of from about 25° to about 30°C.



resin. 27. A method according to Claim26 wherein the amine is added in a
nole ratio amount in the range of 0.6-0.95:1.0 with respect to the resin.
28. A netW&28de4r di ng to any one of Cains 21 to 27 wher AIGT/SG98/0819R | ds
content of the dispersion is in the range of 35-45% 29. A nethod according
to -any one of '"Clains 21 to 28 wherein the solids content of the

di spersion is in the range of 38-40% 30. A nethod according to any one of
Clainms 21 to 29 wherein the chain extender is an isocyanate-containing
conpound. 31. A nethod according to any Yhe of O aim30 wherein the

i socyanate- containing conpound is an aliphatic conpound. WO 02/31021

PCT/ SQ01/ 00192 50 32. A nethod accor di ¢ (Egzgj 3 ok e thdre
i socyanat e- 4bnt athi #5€CH X‘Heﬁéanlgs(gls %F%ﬁé i-llméoxglf}gélate.o 33.é A net hod

according to_C ai r& ' 4 ey aduivaignt themgound is an
aromatic cor’FBS 8@%%?%%%@839%%2?%?%%10 any gdrlle of Clainms 30 to 33
wherein the isocyanate containing conpound is a di-isocyanate. 35. A

met hod according to any one of Clains 21 to 29 wherein thtg c({1ai n . ext ender
is an aziri dine- cAnbm monponenpURY.co3BNg AYFEnhcOMIEDRY R 1ePEAYToRE of
Clainms 21 to 35 wherein the range o equi,val ents of the.chai ader to
the solids cOlimni0,dir & hEO FOMRINER} C%ﬁt%e%sitt%ﬂ %Oénl?r%ﬁﬁ%@kérqgﬁ ISFSE

bet ween 10: 90 8&21}}3 - 70. 37. A nethod according to any one of Clains 21 to
36 wherein tHe ge-of equivalents of the chain extender to the solids
content of the polyol alkyd dispersionis in the range of between 10: 90
and 20:80. ge of 38. A nmethod according to any one of Clains 2;. to 37
wherein the f&n A coating system according to Claim 41 wherein the coating system 1s 2

room-temperature cure or a baking-type coating system.
43. A film made from the dispersion of Claim 20 or 40.

44.  Any novel feature or combination of features disclosed herein.



equi val ents of the crosslinker to the solids content of the polyol alkyd

di spersion is about 15:85. 39. A nethod according to any one of Clains 21

to 38 whd¥Y@PH3WRAk reaction is perforned in the tenperat uPET/PEAGWILS from
about 25 to about 30C. WD 02/31021 PCT/ S&1/00192 51 40. An agueous

pol yur et hane di spersion, (PUD), maded%ccording to the nethod of any one of
Clains 21 to 39, or a nethod equivalent thereto. 41. A one conponent (1K)

coating system conprising the di sp ﬁﬂﬁgl &Dﬂj ai m 20, or a two conponent
2K t t AL 2. A coat
(2K) coating system %905‘ npr i th élre(s%glf,l ?33 845 coating

tion
system according to i
roomtenperature cure BF‘g‘éalﬁéﬁk’Pﬁ?%ﬁfB C‘?fU%%t‘”’ieng pﬁges)]A filmmade from
the dispersion of Caim20 or 40. 44. Any novel feature or conbi nati on of

features di scl osed herein. WD 0 310 301/ 00192 . 52 A CLA| M5
[recei védApinetiing ofvmakingtd spiuentapscer Y%‘nCETYSC?WYb OBPEENE £8. %/‘gohggfls and
original clains 1-44 replaced by new clains 1-46 (6 pag{ A rret hod of
maki ng a solusfiing rearpulgeolentisien dfreasiting cwhyntindensgelaro oﬁl}@i Isanglngy
enul sifying re-arrangenent step of reacting polyethylene glycol (PEG, an

oi | and apopblyty dicdoholalfeltdvadd, by eh lestagfcdipnasiepesf esacting dlid maulsIrEpniefure
reacting the resultant mxture fromthe al coholysis and emul sifying

re-arr angerRp theSA8ehoM did aad eafilléfydier@ardngeindnt gyt g€ acidn@dr a acid
pol yhydroxy conpound with esterification step being termnated on reaching

a predeter Qﬁ%eaﬁhcﬁj By Rbx P& &ﬁlrdmvﬂﬁdesi’érﬁi%%nt ¥tep DefhdRERAMtACEPT di Ng

]
to Clalmf erein theBIWrst oce S o the synthesis Is an al cohol ysi s

d emulsif h d a 1
anerein DI LERREHE T TR A e TR B g oo 7

2 A method according to Claim 1 wherein the first process of the synthesis is an alcoholysis

and emulsifying re-arrangement step.

3 A method according to Claim 1 wherein the oil content in the alkyd resin is less then 40%

in solid.

4 A method according to Claim 1 wherein the acid number of the alkyd resin lies between

12 to 25.

5 A method according to Claim 1 wherein the molecular weight of the alkyd resin is

between 3,000 to 14,000.

6 A method according to Claim | wherein the quantity of organic solvent in the process is

controlled so that the solvent content of the product is zero by weight.

7 A method according to any one of the preceding claims wherein the PEG has a molecular
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in solid. 4 A nethod according to Caim1l wherein the acid nunber of the
alkyd resin lies between 12 to 25. 5 A nethod according to Caim1 wherein
t he nol ecWOaR2/3pilght of the alkyd resin is between 3, 000 RGF/SGHLO0E2 6 A
met hod according to Caim1l wherein the quantity of organic solvent in the
process is controlled so that the solggent content of the product is zero
by weight. 7 A nmethod according to any one of the preceding clains wherein
t he PEG has a nol ecul ar AMENDED SHEET (ARTICLE 19) WO 02/ 31021

PCT/ S&01/ 00192 53 weight in the range of 3000-3700. 8 A solvent-free

pol yol al kyd. resi r¢hopg to the method of any of Clains 1 to 7,
or a net hoﬁglg&ﬁ?\}gﬁgﬁ gtoﬁeret%j.d% A net hod of maki ng an aqueous

sol vent-free polyol alkyd resin dispersion, (PAD), conprising the steps of
heating in a reactor a predeterm ned anmount of water, and predeterm ned
anount o Arsohwntiéreepolyal dikspecssi ngyde ecpetiag tr e nartldbdofanyngf Glaine t ke,
reactor, with stirring, a polyol alkyd resin, which has been heated to a
el t st at eqr Ahe§Yg Bg@valb@ltBerefoat the tenperature of the mix in the reactor
is no nore than about 5 C, above the dispersing tenperature, wth the
tenperature in the reactor being held at about the dispersing tenperature
for a period of time after the addition of the resin. 10 A nethod according
to d ai A 9Awmethed roft mekiak kand aqessin salyent-free pobeod sdkydh &sey dispgrsios, PEP):

nodi fied, low oil content and solvent-free. 11 A nethod according to Claim
9 further canpisisi Hg ttpy efitzating éxtaeraaalor supfedeteaninedranamuont ofowvatbi, | ander or
and enusifier added in the dispersing process. 12 A nethod according to
Aaim9 fugxteb@térrﬁﬁéﬂ)ﬁin%hﬂgoﬁ bereihe 0% ERp&ohyadhpadded ind pdiringdinspeiesi ng
process. 13 A nethod according to Cains 9, 10, 11 or 12 wherein the

di sper si ng, &, &AP&Lf ﬂfrﬁné,% ﬂo’[‘y&l hfcyd 898V IREL B2 ben Keated to a melt state, at such a
rate that the temperature of the mix in the reactor is no more than about 5 °C, above the

dispersing temperature, with the temperature in the reactor being held at about the

dispersing temperature for a period of time after the addition of the resin.

10 A method according to Claim 9 wherein the alkyd resin used to process dispersing is PEG

modified, low oil content and solvent-free.

11 A method according to Claim 9 further comprising there is no external surfactant/or and

solubilizer or and emusifier added in the dispersing process.

12 A method according to Claim 9 further comprising there is no co-solvent added in the

dispersing process.

13 A method according to Claims 9, 10, 11 or 12 wherein the dispersing temperature is in the

range of 55°-70 °C.
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AMENDED SHEET ( ARTI CLE 19) WD 02/ 31021 PCT/ S&01/00192 54 14 A net hod
according to Clains 9 to 13 wherein the dispersing tenperature is in the
range OVWPOBEWEE C. 15 A nethod according to any one of EXEPG8I/®1920 14
wherein amine is added in a nole ratio anmount in the range of 0.3-1.0:1.0
with respect to the resin. 16 A nethgd according to any one of Cains 15
wherein amine is added in a nole ratio anmount in the range of 0.6-0.95:1.0
wWith respect to the resin. 17 A nmethod according to any one of Clains 9 to
16 wherein the solid content of the dispersionis in the range of 35-45%

18 A ﬁ&g?d pﬁaﬁto(a qt%(ﬂgn?(% %néllm(g@et 3 GhabiiBind Ftsgcér}%g}%ﬂﬁé&hﬂlré Rensed f'a‘ch

conte fonisin e range o 9 An aqueous

sol vent-free polyol alkyd resin d| spersion, (PAD), made according to the
met hod of %AR)"-6neCof Clains 9 to 18. 20 A method of mmking an aqueous
sol vent-free pol yurethane dispersion (PUD) froma solvent-free polyol

al kyd di spersion (PAD) conprising the steps of heating in a reactor a

predet gg m&%@t%ﬁ%ﬂ@%rdﬁ% t%ﬁf bne 3f'éla"i‘rn99€f6]qa%1{é‘réqﬁgmﬁm§ RHJQS indmeFiMge tO a

di spersing ourlnglnto he reactor, with stirring, a

pol yol al k heat mel t state at such a rate
that the té??ﬁ@f tB%Eang?oP%gaan}( Wl ’heépregoctﬁ reaél no more than about 5C

above the dispersing tenperature, vvlth t he terrperature in the reactor
bei ng held at about the dispersing tenperature for a period of tine after

the additA enetidd bderdi@Stdany ohd @malbbé reatticinamitehisiasidey anatreolehatio
extender. 21 A nethod accor im20 further conprising the urethane

reaction iasnauak i theragpge 05@5&9§1 Qd@F@ﬁe?@Cb’iodE%%m 22 A method according to
Claim20 further conmprising there is no external surfactant/or and

?X:Q‘LII'FICLEZ §§)methoc{1 %cceon}ijlﬁgg ft!ﬁ) earnyac()jn%egf 'Cnautnrs]% o %Be\;\/ﬁér&% teMONRER nRHE G the

dispersion is in the range of 35-45%.

18 A method according to any one of Claims 9 to 17 wherein the solid content of the

dispersion is in the range of 38-40%.

19 An aqueous solvent-free polyol alkyd resin dispersion, (PAD), made according to the

method of any one of Claims 9 to 18.

20 A method of making an aqueous solvent-free polyurethane dispersion (PUD) from a
solvent-free polyol alkyd dispersion (PAD) comprising the steps of heating in a reactor a
predetermined amount of water, and a predetermined amount of an amine, to a dispersing
temperature, and pouring into the reactor, with stirring, a polyol alkyd resin, which has
been heated to a melt state, at such a rate that the temperature of the mix in the reactor is
no more than about 5°C above the dispersing temperature, with the temperature in the
reactor being held at about the dispersing temperature for a period of time after the

addition of the resin, followed by reaction with isocyanate chain extender.

21 A method according to Claim 20 further comprising the urethane reaction is carried on

after dispersing process.

22 A method according to Claim 20 further comprising there is no external surfactant/or and

solubilizer or and emusifier added in the dispersion.
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WO 02/ 31021 PCT/ SQA01/00192 55 23 A nethod according to Caim 20 further
conprising there is no co-solvent added in the dispersion. 24 A nethod
accordi ngv@ 82/820a1 nrs 20 further conprising the steps of coBfTARGIHMHEI2ZYi x to
room tenperature and adjusting the pH and /or solid content of the

di spersion. 25 A nethod according to im20 or Claim24 wherein the am ne
is Triethylam ne, D nethylethanol am (DVEA) or ammonia solution. 26 A
met hod according to any one of Clains 20, 24 or 25 wherein the dispersing
tenmperature is in the range of 55-70C. 27 A nethod according to any one of
Clainms 20 to 26 wherein the dispersing tenperature is in the range of

60- 65C,,28, A net hod accor di one_ of . . I18. 0, I e
i ne 74 duasii o RRCl i 20 ARt R g Maliga TG dp AR A G
respect tqlidpesidgesin. 29 A nethod according to Clains 28 wherein the am ne
is added in a nole ratio amount in the range of 0.6-0.95:1.0 with respect
to the resin. 30 A nethod aqcordin% to any one of Cains 20-29 wherein the
sol i ds 280 ewthadfaceerdingdp §paimsi2@riuitkericamphising Akgyeersfof3golymytheanix Ao framod

according.to any one, of ai, s - er el h lids. content of the
di spersi oﬁelf'gerfliy‘i‘r% ?’ll}ad ardéuﬁggg :tzh‘e pigg%g&r\ggﬁfg&)n%é’% Rgtclfggcl:s g‘%b"fhng to any one of

Cl ai ns 20-31 wherein the chain extender is an isocyanate-containing

conpound. AB3nAhsEhLBQAdIAEAeTCRg 20002 0YaiAN24 GfhekdiRith® addndVRE MRiethfIMRine,
i socyanat e-contai ning conpound is an aliphatic conpound. AVENDED SHEET
( ARTI CLE 1¥mepgylethageamineciPMEIEH) pamaponigsolatiom net hod according to any
one of Clains 32 to 33 wherein the isocyanate-containing conpound is
i sophorone di-isocyanate.

26 A method according to any one of Claims 20, 24 or 25 wherein the dispersing temperature

is in the range of 55°-70°C.

27 A method according to any one of Claims 20 to 26 wherein the dispersing temperature is

in the range of 60°-65°C.

28 A method according to any one of Claims 20 to 27 wherein the amine is added in a mole

ratio amount in the range of 0.3-1.0:1.0 with respect to the resin.

29 A method according to Claims 28 wherein the amine is added in a mole ratio amount in

the range of 0.6-0.95:1.0 with respect to the resin.

30 A method according to any one of Claims 20-29 wherein the solids content of the

dispersion is in the range of 35-45%.

31 A method according to any one of Claims 20-30 wherein the solids content of the

dispersion is in the range of 38-40%.

32 A method according to any one of Claims 20-31 wherein the chain extender is an

isocyanate-containing compound.

33 A method according to any one of Claims 32 wherecin the isocyanate-containing

compound is an aliphatic compound.
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35 A nmethod according to any one of Clains 32 wherein the

i socyanat e-contai ning conpound is an aromatic conpound. 36 A net hod
accordi ngve 82/3M91 one of Cains 32 to 35 wherein the i socyBOEBEIEWA2ai ni ng
conpound is a di-isocyanate. 37 A nethod according to any one of C ains

20- 31 wherein the chain extender is an aziridine-containing conpound. 38 A
met hod according to any one of Clainms 28to 37 wherein the range of

equi val ents of the chain extender to the solids content of the polyol

al kyd di spersion is in the range of between 10:90 and 30: 70. 39 A net hod
accordi,ng n . I : i I f RO -ents of
the ¢ gi r‘{\ g&%%ddg&%{%ﬁ% &e%s‘gp ?gdgfggaﬁglgn%wg §j{, h%eh%%? ;?gerggf’%ﬁéﬁg‘f&é’@lg on is
in the rargmpofind Basophernd Qi-B86cyandte20: 80. 40 A nmet hod according to any one
of Clainms 20 to 39 wherein the range of equivalents of the chain extender
to the solids content of the polyol alkyd dispersion is. about 15:%%. 41 A
met hod 3ac dorieihgd t ascaiingoie a8y engiHs CHoms U0V IHeReths SReYanalEctonEining

per f or med Ci R, opxbcfista%rﬁpcﬁﬁﬁfc%roﬁw%ﬁﬁ'@e of from about 25 to about 30C. 42 A
n -

aqueous solv ree pol yurethane di spersion, (PUD), nade according to the
met hod of any one of Clains 20 to 41, or a nethod equivalent thereto. 43 A
one conpongemiethdddccofiid RYady she 0T Cdapisi 3 tvy35 Mehectiis pler Sooyunafe ddn&dimnd9, or
two conponent (2K) coating system conprising the dispersion of CaimA4l.
44 A coat i0gweysd i HdtSYHI¥Y to O ai m 43 wherein the coating systemis a
room AMENDED SHEET (ARTICLE 19) WD 02/ 31021 PCT/ S&1/00192 57 tenperature

cure or,-a paki t i t - fi t i ion
of & aPh £ Yikga 'XBFafnh B PHE LR TIai 20,31 WILERESS LA Al ReR
di scl osed AagfdhdcontAMoNOERPSHEET ( ARTI CLE 19)

38 A method according to any one of Claims 20 to 37 wherein the range of equivalents of the
chain extender to the solids content of the polyol alkyd dispersion is in the range of

between 10:90 and 30:70.

39 A method according to any one of Claims 20 to 38 wherein the range of equivalents of the
chain extender to the solids content of the polyol alkyd dispersion is in the range of

between 10:90 and 20:80.

40 A method according to any one of Claims 20 to 39 wherein the range of equivalents of the

chain extender to the solids content of the polyol alkyd dispersion is about 15:85.

41 A method according to any one of Claims 20 to 40 wherein the reaction is performed in

the temperature range of from about 25° to about 30°C.

42 A aqueous solvent-free polyurethane dispersion, (PUD), made according to the method of
any one of Claims 20 to 41, or a method equivalent thereto.

43 A one component (1K) coating system comprising the dispersion of Claim 19, or two

component (2K) coating system comprising the dispersion of Claim 41.

44 A coating system according to Claim 43 wherein the coating system is a room-
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temperature cure or a baking-type coating system.
45 A film made from the dispersion of Claim 19 or 42.

46 Any novel feature or combination of features disclosed herein.
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