6 April 2005 1 "LOWVOC POLYCOL ALKYD DI SPERSI ONS AND POLYURETHANE

DI SPERI ONS" THE PRESENT | NVENTION relates to | ow vol atile organi ¢ conpound
(VOC) pol yol al kyd di spersions and pol yuret hane di spersi onsé Apmtzbggls f or
their productions, and coatings produced therefrom Under new environment
standards and regul ations, there is an increased interest in devel oping

| ow or near-zero VOC coating systens. Waterborne polyurethane coatings are
an inportant part of this new devel opnment effort. Waterbone pol yuret hane
di spersions are non-toxic, non-flammable and do not pollute air or water,
and they have potential for use in the coatings industry. As polyurethane
coati ngs have advant ageous properties, such as superior abrasion

resi stance, td&lghwess Vlien PALYIGISI StADE®,D COBISPRRSIONS StANGe and a

wi de range of C i rengths, they have attracted nore attention
than ot her sy ﬁﬂéﬁé@%ﬁq Bhﬁmlﬂoﬁﬁ’éper sions are obtained by

i ncorporation of an ionic group froma salt (iononer dispersion), and/or a
hydrophilic side group, into the polynmer structure. Mst of the current
commer ci al pollyik g‘tRE&:EéTT INYERFBObh sl {tRURS Jowe oaldtilg osysmice 6mpsendor epar ed by
one of the fo i N roaches.  Eifher the pol yurethane is

pol yneri zed ikbgwggﬁbgkﬁﬁy?% %65W§?@%f?h?ﬁﬁﬁnﬁﬂggﬁﬁ%ﬁﬁﬁFﬁﬂmﬁﬁéQE or an

i socyanat e-t etheimabéstiphs RAd ¥o@ingt prodl&danedsbm @ melt or in an aprotic
solvent, and is then chain extended with a diamne in the water phase, in
the presence of a neutralizing tertiary amne, (J. Polym Sci, Polym
Chem, 1996, - . ril, 2005 .2 re.generally, four main
net hods have ggg%ﬁ%‘g%%? g&%{r?%?susct:aengg{%gb nd e ?@B%I}Ssi ‘?{E:lgl‘gflrlgﬁe?%/edt he acetone
process (US 4829761) devclopidglow us pehrizBropV EAEdatiflg sPAbMST ¥ NaBBml Sper si ons,

wherein the po(l)lﬁr ﬁ{ﬁgane tPOl mer is synthesized as a solution in acetone.
After thi nni ng®YHERAE EP5 R AGERCEY Rafterithis pewodeyelopment effdrt. with the

hydr ophobi c pWaYéfBém@?b[}ﬁhrélﬁzﬁﬁi Rigepisifl agé'hi)lg-_gqxi&irﬁatni-liin?mﬁﬁ anfgod Suitable
counter ion nust be added to ensure the stability o he di spersions as it
forms, some clRtskallémeirardwater. fandtthey haws potestialafddade imaké rgatigsdi f fi cul t

to | ower the n I finpal .coati.n system Al though this
process is suﬁ\{%ﬁ}é} %\g%tc)lr)}e"‘%t%%‘%yco ﬁ%dﬁvﬁﬁdggﬁ?gﬁ%ﬂs PIORRYES oTUCB &N cal
structures ofsupelisy abtasivanre3fstancfie tdighkst 0 cREMRHC fedfidile, Wakblioar € sol uble
in acetone. Consequently, the resulting polyurethane paint filns are not
very sol vent F¥SEesARd agKidgdange ot mechamgalistiengihel thext havenattpetodess (i JS
4009307) can mbR! fehii@thaflYilel SRRl YUr et hane di spersions by di spersing
hydrophilic isocyanate (NCO p%éepofyrrers wi th pol yketim ne or ketazines in
water. The effect of water on the blocked am ne within the dispersion
results in h eneou xtension of the amine claimto form

pol yur et haneﬁér%e)rgj.emwﬂa?% @?Pﬁrﬂ‘”ﬂ%”ée BI’@ﬁI‘?ﬁWéPC%’%ﬁH@“ pt yriogic graup

hydr ophi I i Ca|ﬂ‘<)inrﬂ)ﬁﬂtf@i&ﬁ{me@rd§9d@@1ls¥ﬁ‘i?,raddﬁorrﬂ KRBoifid si‘ﬁ@tgﬁéup ifignnL eacted with
a diamine. If the reaction is controlled carefully, the'reaction of the
NCO groupds VAYME Strughesy néMegniofathes cowent tdeemmereiat | polywicthansat er . | n

order to contg : ' J, & e, prepol r, a snall. amunt of

sol vent nust b e?&i‘ﬂgd(}) ﬁ%@%ﬁryge%ltehg agg Py pc%gcg%\‘?@?\t"?iﬂf‘f: Méwd’i‘%per sion. 6
Apri | tngS_ 3 twhagpipirgachen ltElﬂldtnome r’q?iljr%rpmlag@%,pol x riYed Vidr &tdadgt pr epol ymer
is synthesiz w,.sol vent content medi um i S process can ensure a
suitabl e vi 52@@{)@44@#&@ n JHPGTSPL ith BerH PR b SPFERNatlerBinatedrprank e

di spersi on apdhehdiiB pr&at&Nsl Phdl &Ceesh § 1Hg¥]\§ it is subject to
the conpatability of ,p ?ﬁa pol yur et hane pr%%g%g%’“w \{%]%eélrghghnd chain

ext ender, and@xiesded with adiapine gsthe hetarpbass instberpresencs ol derbiralighg ur f act ant s

hi abl e . di describes oil
o1 ed, caragyPOUE b A OSSP Ran e e HERST BHS- wni ch ar e

prepared by dispersing urethane nodified alkyd resin. Urethane reaction is
carved out before dispersing process. The resin fromthis patent has solid
contents of from70 to 90% After dispersing and neutralization, the

obt ai ned pol yuret hane di spersions still have solvent contents of from7 to
10% making it difficult to low VOC content in the final coating system
The particle size of the dispersions obtained fromthe above processes is
related to the stirring rate. The present invention seeks to provide
stable, |ow VOC, polyethylene glycol (PEG nodified, aqueous polyol alkyd
di spersi ons (PADS) which can be used in two conponents (2K) coating
systens, and al so aqueous pol yuret hane di spersions (PUDs) which can be
used in one conponent (1K) coating systens, and their nethods of
production. In particular, the present inventions seeks to provide a new
met hod for the preparation of |ow VOC pol yuret hane di spersions conbi ning

P . .




6 esterification step being term nated on reaching a predeterm ned acid
value or predeterm ned viscosity. Preferably the oil is saffl r oil.
Conveniently the oil is soybean oil. Advantageously the pd?éﬂ'g&ﬁ% al cohol
and/ or the pol yhydroxy conpound 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. 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 the2zpresent invention there is provided
a solvent-free polyol alkyd resin. According to a further enbodi nent of the
present i nvenMoon geheraldy,i four pnajvi edods heYh decbusehie JotucEoFtoRlst - f r ee
aqueous pol yol. al kyd resin dispersion, (PAD), conprising the steps of
heating in a VEBEE8PSa 6 April 2005 7 predeternined amount of water, and a
predeterm ned anount of an amine, to a dispersing tenperature, and pouring

into the reactor, with stirring, a solvent-free_(i) | yol . al kyd resin, which

has been heat Edsty the msptone paeeEss AUS s4R20762) i widahyused dn (HAREWSt ure of t he
mx in the reactor . 16s LaeaRe AAY Sof di sPRh&IRG

t enperat ure, W&&ﬁre{ﬂnagetﬂgﬁ‘%%?g%’ure ?lrﬁI tﬁgog)gract or%ge)?lﬁeé hel d at about the

di spersi ng t eapearsalutioe if acetangerified tiohning the afatasy thehwganidisplvent Bf t he
resin. Conveniently, the. ho ur.t her ¢ rises the.s o) oling the
mx to room t@ﬁﬁg‘?‘gt‘ﬁ ewﬁﬂgt Sdi‘;i’(f%?l?}}?gmt W@Py%%ra %?%rprggplltta gd c%un %nt of the
di sper si on. Pﬁﬁfiﬁ . YAL ReuitiRid Countertlibn ffubybasddee to ensure the stability

2-am no- 2-net hyl -1 - propanol, di net hyl et hanol_ami ne (DVEA) or a ni a
sol uti on. ConvEnhedispersione adi it femes, rgmeeeyeizgnt rand; @rf%taphén?%:%g of
55-70C. Advant ously the,di j 139 thd Adae cha of

60- 65C. Pref e?@%%y n{ab?é’gaﬁidﬁfgfc?ds?qé%‘g% %h%ngetn%{:dé{tgrgtllﬁ(} am)unf I ir%%"tahe range
of 0.31.0: 1. Osydtdrh. rAIsReh thie frbeess és buitabGofor anlighly lpyodusergaaibnendi s added in

a nole ratio anount in the range of 0.60.95:1 0 with respgect t he resin.
Advant ageous| yangaef sbemigal %ﬁtt“éfi‘?t‘)fgfuo[t)%ét Fnpbr ks Bsf?gitg pf(ﬁf gb?)af‘nge of

3545% 6 Aprih.:30 fier t i Ct REtILA réthaersion is
in the range y‘@’a%o&l‘%/&%é‘grag%g&t t(;t%a{%o 11k‘lﬁélfrsly’enbodi man% I;(g):‘pﬁlt he present

i nventi on t hepeint films areindeekry solseitvesmtarftr ee aqueous pol yol al kyd resin

di spersion, (PAD). According to a further enbodi nent of the present
invention there is provided a nethod of making a sol vent-free aqueous

pol yur et hane sdi SRy, $hORetfP)anfl e fizme52boeen (US 40691V yah yadl&hikhdi sper si on

(PAD) conprising the steps of heati n%ylf n.a reactor a predeterm ned anmount
of water, andualityr polvnesthangcdspRBORT QF disReEHIE, bydrophticyisog¥snaie,
tenperature, OUL ] o b0t it Oy kibhiResSh nfdidrn OFnee gl yent - f 1 ee
pol yol al kyd%‘g@@ﬁf‘fp\ﬁ@ﬁ%‘%{%@%‘@g’é‘% ﬂfgfé‘i%e"a to asmelt _srt ate, at such a rate
that the tenmpetatsn tedflodkded amine imithiththerdispetgon rsulio imbemoghgnusnbout 5C
above the dispersing_tenperature ith the tenperature in the reactor

bei ng hel d at exisBgign of e aﬂ}l’%ep@f’“é'”?geyfrﬁr%b?’é‘ft nBerST a period of time after
the addition of the resin, followed by reaction with an i socyanate chain
extender. Conveniently, the nethod further conprises the step of cooling
the mix to r Ghindiyenipethat prepolamidr anixing Pragetshe prAranblisalls srediiedont ent ~ of
the dispersion. Preferably .the, an hso tri @ ine.  If th

di net hyl et handF AR ﬁﬁ&{edo‘rﬁha‘ﬁ%r%ﬁi %ggo%%cﬁ%dgﬁlﬁl&ﬂ‘@%ﬁngnt Iy the

di spersing t eypakishus eontfolled chtgullyangerdatti@bef’ e NGOvamupdsewil Ithe t he

di spersing tenperature is in the range of. 60-65C.. 6 il 20 9

Pref erabl y t halizmingelominger aver| the ée%%P% With iwé‘teé'm)lﬂn‘?rdég{ot ﬁ‘é‘%’?"gﬁ‘&% of
0.31.0:1.0 with r Sk Ny AHOBRSTLESH bolvédiemadti ke addedadded in a
mole ratio annwﬁsr?tog?ﬁ%?&%é ?‘é“lﬁggmf)"?’ 0.60.95:1.0 with respect to the resin.
Advant ageous| ywihitierenodinstts acortodwent of the Hispelisioper sion is in the range of
3545% Preferably the solids content of the dispersionis in the range of
38-40% Conveniently the chain extender is anisocyanate-containing
conpound. Advant ageously the isocyanate-containing conmpound is an aliphatic
conpound.



Preferably the isocyanate-containing conmpound is isophorone di-isocyanate.
Conveniently the isocyanate-containing conpound is an azomati ¢ conpound.
Advant ageously the isocyanate-containing conpound is a di-P@B@fﬁW&te.
Preferably the chain extender is an aziridine-containing conmpound.
Conveniently 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. 6 April 2005 10 Advant ageously the range of equivalents of the
chain extender to the solids content of the polyol alkyd dispersionis in

t he range of between 10:90 and 20: 80. Preferably the range of equival ents
of the chain extender to the solids content of the polyol alkyd dispersion
i s about 15: 8hast3piytheitehmelt firbeess,sbe polynrethanp erdpotyres i syathesizednper at ur e
range of from apout  25C t bout 30C . Accardin i ment of
the present i HVORtSObYFME ﬁ@?@?%eﬁﬂ%v' é@r%egsoﬁa\l}%ﬁ%% ?gghgfgéé’%%& ol yur et hane
di spersion, (BPigle pARaRIEHNBIprefoldmbyrihich @ibddkdaiNpenion hed phement
invention there is provided a one _conponent (1K) or a two caonponent (2K)
coating syst emxicnsipn pricery oty s Foveven 110f SB‘Piéctp}Pé@‘eﬁ?mP%‘@H& ‘bfﬁ
Preferably theg c I i 4 e e i ng-type
coating syste © ﬁ@&%‘gg}aﬁ%%%%mﬁ%rﬁg?ﬁ%%mﬁ%ﬁﬂégﬁeﬁ%%b?gigﬁ?ﬁi@ﬁventi on
there is proviglpgtea thd bse vhdemt ronmsoiteat dnd parfactants ab achesvpraesthbie i nventi on.
In order that the jnvention nay be nore readily understood, and so that
further featudt8eE8r eof may be appreciated, the invention will now be
descri bed, by way of exanple, with reference to the acconpanyi ng draw ngs
in which: 6 April 2005 11 FIGURE | is a graph showing the stability of
viscosity w t S iBuwe Nor5004739sleessibes oftApedifipd.Grampoxylimowp genlp®inghowi ng t he

change in viscosity. wwth.tine for,the e S 1 Qf : I 1; FI GURE
3 is a graph ?HEW%IQE’“FhQISBﬁ%’B% WHICEHargvé?éBs%ex Bt g?'é)ggg lgitgbr#{peﬁes of
PUDs; FI GURE 4nhddfic gikadResioiathahd eactiomge carfiett iomc dsfdry dispersirgd x nont hs
for the exanples of PUDs of Figure 3; FIGURE 5 is a ﬁ%&osho%/ng t he
change in pH ®sessi kheissionomghismatenk bps solidopfents %‘? O °FI GURE 6 i s
a graph show 1 | S jo inSd f fkperdibgs furt her
exanpl es of P%&@Spéﬁg%%%ﬁe%ﬁgggﬁj&&f@?ﬁiﬁl?ﬁfﬁ&%ﬁ& (?g%t ed to nethods
of maki ng st alatil hhessoWREt cént&iig Hfl fromet torlHds, meakpey  dittianlk yadlost ¥¥ér si ons
(PADS). One type of. | ow YOC wat er bor ne pol yol al kyd di spersions is

obt ai ned by dicSpERGinAle fral SRS Bre gl ycol (PEG nodified, sol vent-free,
al kyd resin which contains certain chem cal structures. This kind of

pol yol al kyd di spersion can react with di-isocyanates to give stable, fine
particle size Thecbardsie vioe ofpbe dispetsioan obiingdelramndhe ahAYE RTEEFFEHE appl i ed as
1K bi nders in _coatin stenp. The pol yol al kyd di spersions al so can be
crosslinked bﬁe %gé glgnsﬁ}(m}g[%{%pol yi socyanat es, pol yfunctional aziridines
and other crosslinkers to give |ow VOC binders in 2K coating systens. 6

April 2005 12 The invention al so has the adyantage usi PEG as a

non-i oni ¢ par tThef Prepenly IRYRIEIPN ofeeks &t pﬁ‘é‘ﬂ&%gﬁtagﬁ’k)}ﬂgd??g{er%‘?ﬁﬁﬂgy]e]ﬁesi ng

i sophorone di ia%‘-ffc%%ilﬁﬁé? mABHA, TRACSANYolFA AR dRpdKiona(BADRY RenidlD Syst ens;
P

and using an atic’ polyisocyanate as a crosslinker to achieve 2K
wat er bome PUD cki rtiesitsed g8 . twBheniponents i(9K) abafing siskamess and AwWarqusgys naki ng use

at er bone_PUD dintesisedga tvar wss 0
par i cul ar |y SoPLRnene AR dE ALy bR BE IS RERRIORRLFO o, (o

pl astic and otaglinsiReiisakRBtheid afethods bagioduafu. sol vent - based pol yur et hanes
are used. The alkyd resin of the present invention is a PEG nodified

solvent free, short oil alkyd resin with certain chemcal structures. The
term "short ol paniSH0LES pfbskBleblont SaRs LOBRVIR ALY ddindPldrdfe The al kyd
di spersion (P )p I'S prepared by di spersing e above resin in water with
an am ne neut rpabpazation dfiow MO@pshnothant difphmions cbmbming 1oMisi andmodcess
produces a stable, fine particle size and | ow VOC content (<SQOg/1)

wat er borne pol yol al kyd dispersion. The wat er borne pol yuret hane

di spersions (PUDs) for 1K systemare obtained by perform ng a urethane
reaction of a solvent-free polyol alkyd dispersion (PAD) with a

di -i socyanate. The waterborne pol yuret hane dispersions (PUDs) for 2K
system are obtained by crosslinking the solventfree pol yol al kyd di spersion
(PAD) with a polyisocyanate or other crosslinker. In the case of an

i socyanate, the amount of cross-linker may be cal cul ated by the follow ng
formula: 6 April 2005 13 |Isocyanate cross-|linker needed 247 x (%H in
resin) For equival ence of 100 pbw OH resin = NCO in isocyanate resin



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 cally stable. The solvent-free alkyd resin is preparef”HERPHononer s
by a two step process; alcoholysis and enul sifying re-arrangenent,
followed by esterification. A small amount of solvent (for exanple, butyl
cellosolve) is helpful inthe 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 tinme and tenperature for obtaining the proper degree of

al cohol ysis and enul sifying rearrangenent in the first step is about 3
hours at 250Conimgohps mectiegohiness structnee, ead elsp foredictsothai eancly sdlled out  at
230C. An exanpl e of .reaction c nent s_and .pr.ocedures i h in Table 1.
Table 1 No. COWETBBHHFTWP WARRH @%&&FE@A&?@% ?—*%éﬁ%‘-’r?’- RS eERES C A D
PENTAERYTHRI T@s, B84Ixd CELLOSCLVE LI THI UM HYDROXI DE MONCHYDRATE DE- | ONI ZED
WATER #2PENTAERYTHRI TOL PHTHALI C ANHYDRI DE | SOPHTHALIC ACID 6 April 2005
14 Procedure 1. Charge #1 into a synthesis reactor equi pped with agitator,
sanpl e tube, _thernmoneter. nitr RN £5 r. Heat the
reactor to pef%htﬂeefﬂngfec%e rf%?nglangﬁ%ﬁg‘%e%?ftggng reigg}lﬁﬂagélg%g@ag Af ter
achi evi ng t henftiadefor g peepaditioal efopallystiananiispersidrsi eypespllyear mangenent ,
cool the reactor to the_ desired {enperature hefore ch%h%i n%.#iz. d Then heat
up the react ofrggysaale, epd alse (9 Pryide ol airethmedISRESIOR P M B 1 eact i on
af ter achi evi r L ] aﬁé‘gﬁl yi siidsYincihA@mer aW

materi al s reqEgpgﬂg%@g&?gngt@gegg??%gﬁgﬁﬁdﬁ?I ude_o_t_Eg@féol | owi ng: gALCC]—IC]_S:
pent aer yt hri t eblyerny| rgsistangee gopd i adbedign, dhardnesp affexibility, i ssatbh yaststanee:hane,

et hyl ene glycol, neopentyl glycol, propylene glycol,

cycl ohexanedi A&d ﬁ%ﬁ%?orAéFﬁ%’ ND ACI D ANHYDRI DES: benzoic acid, p-t-butyl
benzoic acid, capric acid, castor fatty acid, coconut fatty acid,

di net hyl ol propionic acid, 2-et h¥l butyric acid, lauric fatty acid,

li nseed f at t y The ptesenhjpyestipr hascthe lollogying advan@ees: pal azgoni ¢ acid, soya
fatty acid, stearic acid, tall oil fatty acid, adipic acid, azelaic acid,
fumaric acid isophthalic acid, malefic anhydride, phthalic anhydride,
terephthal i c agi d, Theiinentibh ialows tiydnsedef pédyetBylesoghwah (BEEG) iclwt or oi |,

coconut oil, dehydrated castor. oil,. linseed oil, .saffl.ower oil, tung oil.
6 April 2005 P?Pamﬁénr?glaﬁﬁ’élféf'mﬁeilugmg%ﬁ tR PGP PEFEF APYS r om 3000 to
3700.  Saff| 0gfnialioRFichRYRRARNGbhicUeuRGhid thélbbBiIce siriétuicherieact i on,

but safflower oil 1s preferred. Benzoic acid, ich is usually used in

al kyd prepar a¢subiant wam wiayobdh eclfpmivisélied, vithaus cgrselent @af nextggal

p-t-butyl benzoj¢...acid is p errned. €4: .err { L1 1 of the

al kyd resin atst?%}hlzglfseg’ ’f"ﬂ“f&@]cep Oiyoquéjla edlgfeﬁ@{lsi %ng'ﬁfclﬁ‘eafr’l\}gﬁgre@(s NVM) |

110C, 1 hr (AgHIIM 235Rhd 88pasiohonay b60btained Xyl ene) (ASTM D- 1544) 3-5
3Viscosity (60%in Xylene) (ASTM D 1545) X-Z 4Acid Val ue (AV) (ASTM

D1639) 1211; 1511; 20f1 The col or and viscosity of alkyd resin at 60%in

xyl ene may range frem Sp&nodiailPAIN OF A GréeRMndehBord Sxhidit Yoscosity, but
preferably with the range ?romB to 5 for ‘color, and X to Z for viscosity.
The aci d val uecafivithevitd koroe crosslinkablgymezomgess fand molymers, 28l msytbepr ef er abl y

within the range fr 12 to .15. The lL.ecul ar wei gh f _the resins
typically rané‘geq‘ ‘r“oﬁ{n%%%tmatgl,gogéﬁte{?ﬁ' ?“S)t % o8eSKG a{?)? ée%wr%eg]lfv?/ﬁ% thin the
range from 4, Q0Quice AR vOIIbodiattectsogn), Wakghlanr mebtnnck@nihgtyo be very
viscous and difficult to disperse. During storage, the al kyd resins

exhi bit good strigent gayermant segmlations pnt G sed thysshave sref CopimRECiphcr eases
(rmore than 1.5va{mnths), the surface of resin mght forman elastic
menbrane. Thi s Ie&hbr ane may originate fromthe air



6 April 2005 16 oxidation of the resin, and wll affect the quality of the
subsequent al kyd dispersion. In order to mnimze this effect on the

di spersing process, it is preferable to discard the nmenbr &feridobyol al kyd
di spersions are prepared by pouring a pre-heated solvent-free alkyd resin
into water with mld stirring. A general procedure is discussed below The
alkyd resin is heated to a nelt state. Meanwhile, the cal cul ated anmount of
de-ionized water is heated to the dispersing tenperature in an emul sion
reactor fitted with an anchor stirrer. (The anmount of water is based on the
desired NVMbo of the final product). A gal cul ated anbunt of an am ne (for
exanple triethylamne, TEA), is added to the reactor with efficient
stirring. The3heat The Padsnof the tohesentaihdentidnoand theiresimblad produetachanr at such a
rate that the tepperature of the enulsion reactor is no, nore than about 5C
above the di spé? B¢ H@edtlﬁri’ﬁ‘é"reéfteﬁrogma#ﬁ’é IavroYiAt @%lW%C%y'g&é'st&%lﬁcm ated as

fol lons: ASR(AN forl 5580 0400 WEhSRL:) o3l RoF cBRtfiNys@nst ot al resin
solids AN :a?wd&nulﬁgéﬁr ?sﬁgs%li@ég:e?ui?/allentg%?i 5ht 0 3m’ rslie. 6 April
2005 17 After conplete addition of the resin, the enul sion reactor is
mai nt ai ned at ,, abo t he di spersi t ure.for some time in order to
cure the di shbr si ﬁ\f.’ pFPﬁ%SSrOZg‘&kH}gqg‘g \?ﬁgﬁf@%wﬁ ejtp(BCSFBtOIH‘nV?IEIr?BeCraﬁt ure, the
pH adj usted  }1Qo MeUiphaéd A ehakliyy B VERC @@g&a&t dRgbrdheGviiieh the beequi r ed
value. Characteristics of the resulting dispersion are shown bel ow

Appear anceM | ksedvim rakinganwigde raige|of lovaVEr cqakipRPYSIAE, 1 hr 35- 45% Vi scosity
(Brookfield, S63, 60rpn) 300-1800 CPS Specific Gavityl.04-1.07 VOC (g/1)<50
Particle Size<Sm PH6.5-8.5 No hi gh-speed agitation is needed for the al kyd
di spersi on fofyati Ohe lowypOCaPADs af pieeplesatt eitivationemid fhieke sahikyd resin is
added to a m'xtgre of wgt?er and _gm’ ne, at 55-70C, J#Pth Hjldé\% Lrring, in
an anmount suf PiodPeiRiare stablsRvar g widgirass o iigHPERIULES Jiom 50 4 %‘léht per cent
solids, foll oyidyeH Pi¥omP 68% o@yd adj ustment of the pHto a desired val ue

to obtain a suitabl’e viscosity. Triethylam ne,
2- am no- 2- et hyl -1 - propanol , di net hyl et hanol am ne (DMEA) and ammoni a

2 no 2ot Ry 1 -1 B ORRRG anse) B TR B Rl Yotk SR L ount of

neutralizer ugepregitei By VIOE dipspas dispersiods @oaminG idric tahé noarigeic of
0.3-1.0:1.0 (nole ratio), nore preferably in the range of 0.6-0.95:1.0.
The particl e 8&ioEps indRePolymer sretyeze di stribution (PSD), nay be neasured
using light scattering techniques known in the art. 6 April 2005 18 The
general and preferable reaction conditions for al kyd di spersion (PADS)

f or mati on ar eThésowbjdotvevandradvalthges 3nayCdenatihidved by the application of the

No. ProcessCGeneral | yPreferably 1Al kyd .Resin, re-. processl4QC 1 to,1.5 hr140C
1 hr 2A kyd ReRent Jg B AT SGe G B TSGE] Ry dsalddo me20- 140
m 4Tenper at ur gigerdiB4P Oarftd GhANVIEBALiGe 3Broliubik] rist pastiied @blylifethane

rati 00. 3-1.0:10.6-0.95:1 7Am ne usedAMP 95, TEA; ammoni a sol uti onAMBS or
TEA dispersions with excellent properties.

According to the present invention there is provided a method of making a
polyol and alkyd resin comprising an alcoholysis and emulsifying
rearrangement 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 and emulsifying rearrangement step

with an acid and/or an acid anhydride, and a polyhydric alcohol with the



8Fi nal roduct HAd ust to 6.5-8.5Ad ust to 7-7.5 The obtai ned al kyd

di spersions have excellent storage stability and a solid content of about
3911% by weight. The particle size is generally snaller tBaariR00% cron,
preferably from0.01 to 1.0 micron. The snmall particle size enhances the
stability of the dispersed particles and also |leads to the production of
films with high surface gl oss. The solvent-free al kyd di spersi ons (PADS)
have good stability in particle size of over 6 nonths at roomtenperature.
However, the pH value and viscosity of the dispersions decrease as the
storage period is prolonged. Wth prol gnged storage tine, separation was
observed fromthe honogeneous al kyd di spersion, but the separation can be
easi |y rever seslerifidatibn efehibeingnernsinated ongeaching spledetsimihedeacipohiel al kyd

di spersions (PADS) of the present invention can be reacted with a

di - i socyanat e°f Bige¢temained sensiyne dii socyanate (IPDI), to give stable,
fine particle size, and | ow VOC content waterborne polyurethane

di spersions (PUDs). 6 April 2005 19 Preferably, the range of equivalents
of i sophor one Pdiferablythacihisesaffld®@irpilt 0 t he solids of the al kyd di spersions
ratio is between 10:90 and 30: 70, nore preferably 10:90, 15:85, and 20: 80.
The reconmmended optinal tenperature range for PUD preparation in the nethod
of the presentCohteilydRe bibisky¥e@ni2S> and 30C. The sol vent-free

pol yur et hane di spersions (PI1Ds) of the present invention have relatively
good appearance stability at roomtenperature. After 6 nonths of storage,

t he PUDs hi hi i L ' [ [ ' l4i ght
norcase | n provaRGRSaT bbbyt BB Shbof Mol hidioB iy 31 (.
pol yol al kyd 64 jspesesitiaitst. ( PADS) can be crosslinked by reaction with

crosslinkers to give a type of |l ow VOC binders in 2K coating systens. The
crosslinkers used in 2K systens nmaybe aliphatic or aromatic

ol yi socyanat eforedblyRhaididisnol whisPesasReR orbehadie gl onal aziridines or

ot her crosslinkers. "The nmethod of making | ow VOC pol yol al kyd di spersi ons

of the present invention can also be applied to nmake | ow VOC pol yester

di spersions that can be applied to make a.w de range of |o OC _coati ng

systens. The E@l" th‘gezgflg%%%l §6@r§5ro‘ﬁsh‘fpﬁ%¥)”§‘?’d?@% CBFrgipeorrll\f% i\{ﬁvgnti on and

their simlarpplbsiicicd.can al so be used in processes of nmaking | ow VOC

baki ng type coating systens and non-i socyanate (NCO group free)

crosslinking type coating systens. 6 April 2005 20 Filns can be nmade from

t hese di Spersb%f@-ﬁﬁéttﬁﬁtaﬁﬁ%isg Whyid 24 he art. Thus, the dispersions could
e

be formul ated w r conmponents to achieve desired properties of the
coating systens and also to obtain desired film properties. The

di spersions ¢ be.appljed. casting, .sprayjng,, brushing or rolling. The
PUD coati ngs g{éﬂv%erﬁlgréfae ?Fﬁ‘%&fm" Fdar%@’é‘?ﬁwﬂa}’&dﬁr astic and ot her

surfaces. Sone interesting results were obtained in clear coats prepared
fromthe waterbone al kyd 1K PUD system of the present invention with the
end product s Adsentagrossly AigREGhanp pwiaculec esighthethg rangs o6 B0QY-3410.coat s i s
reduced as the PUD content is increased, with a | ow percentage of PUD
(PUD-11-1) resulting in higher gloss. On the contrary, a high percentage
of PUD ( PUD11A3pordfgub tasother dnabvulimenit@s she pragseinvypéonothertKs prdvgiehow good
pi gnment  di spersi on when u?e i.n white coating systenms. In | ow VOC
wat er borre al k§doratfEre R ¥ ASeYd resithe pol yol al kyd  di spersions per f or med
very well when cross-linked with polyisocyanate. The resultant film has
excel l ent gloss, good DO, excellent flow and |levelling, and good sol vent
resi stance pr dpeortlingsto Bhéurfher | eovbodimentaoditiess préseuts inventon Rberprigsent
invention: |. Preparati.o o}fgggl vent-frete sShort Q| f\lté esi.n These
exanmpl es showPIHE ege%é’}eé‘P P FETE? £ el Ega e B PO di’f'"ed sol vent
free al kyd regispersioRNgPADY, ngdh@irisileS tied &tdpsSbEchdagh@wini n takle 4: 6 April
2005 21 Table 4 No. RRaw Material sAmount, s #1SAFFLONER O L377.10024. 12 PEG
3350128. 6008. 23 p-t-BUTYL BENZO C ACI D268. 70017. 19

PENTAERYTHRI TOL222. 50014. 23 BUTYL CELLOSOLVELO0. 1000. 65 LI TH UM HYDROXI DE
MONCHYDRATEOQ. 25440. 016 D. WATERO. 3100. 027 #2PENTAERYTHRI TOL130. 8008. 31
PHTHALI C ANHYDRI DE318. 60020. 38



| SOPHTHALI C ACI D106. 2006. 79 Wat er/ sol vent,
Tot al 1563. 164100 A. Al cohol ysis and emnul sifyi ng rearrangenent Charge #1
into a 2-L flask equipped with agitator, sanple tube, thesmpaeies,

Loss99. 500 Product 1463. 66493. 63

ni trogen purge, decanter and condenser. Heat the reactor to 250C, and then
hol d the reaction tenperature at 246 to 253C for 3 hrs. Cool the reactor
to 170C. B. Esterification Cool the reactor to 170C and add #2, then heat

the reactor to 230C, and hold the reaction tenperature at 227-233C for

1h

for the first sanpling, then start sanpling every 20 mns. Hold at 228C
a predetermned acid value and yiscosity at 60%solid in xylene are

unti |

reached. Table 5 presents sonme properties of alkyd resins prepared
accordi ng to phidstermiiied athouiiToewiet, ead|aafredédlihedimbitd dTohYAHEAS, | S

measured using Gel Perneation Chronatography, GPC). 6 April 2005 22 v-i

~

N

Gt

a(Jispersing temperatyre, pnd pouringonty, the reactor, with stirring, a
solvent-free 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 is 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.

Preferably the amine is added in a mole 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%.
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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

a solvent-free aqueous polyol alkyd resin dispersion, (PAD).

According to a further embodiment of the present invention there is
provided a method of making a solvent-free aqueous 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 solvent-free 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,

Preferably the amine is tricthylamine, dimethylethanolamine (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.

/~O
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Preferably the amine is added in a mole 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 1s 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.
Conveniently 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.

~ -+
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Advantageously 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.

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

a solvent-free 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.
omp. g p p

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.

In order that the invention may be more readily understood, and so that
further features thereof may be appreciated, the invention will now be
described, by way of example, with reference to the accompanying

drawings in which:
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FIGURE 1 is a graph showing the stability of viscosity with time for
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 VOQC
(<50g/1) waterbore 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 alkyd dispersions also can be crosslinked by reaction
with polyisocyanates, polyfunctional aziridines and other crosslinkers to

give low VOC binders in 2K coating systems.
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The invention also has the advantages of using PEG as a non-ionic part of
raw materials for making alkyd dispersions; using isophorone diisocyanate
as a reactant to obtain 1K waterborne PUD systems; and using an aliphatic

polyisocyanate as a crosslinker to achieve 2K waterborne PUD finishings.

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-hased 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 (<50g/l) waterborne polyol alkyd

dispersion.

The waterbomne polyurethane dispersions (PUDs) for 1K system are
obtained by performing a urethane reaction of a solvent-free polyol alkyd
dispersion (PAD) with a di-isocyanate. The waterborne polyurethane
dispersions (PUDs) for 2K system are obtained by crosslinking the solvent-
free 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 foilowing formula:
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Isocyanate cross-linker needed 247 x (%OH in resin)

For equivalence of 100 pbw OH resin =

% NCO in isocyanate resin

The resultant dispersions have low VOC content (<50 g/l) and fine particle
size, are cosolvent-free, and surfactant-free, and are physically and

chemically stable.

The solvent-free alkyd resin is prepared from monomers by a two step
process; alcoholysis and emulsifying re-arrangement, 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 and emulsifying re-
arrangement 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
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Procedure
L. Charge #1 into a synthesis reactor equipped with agitator, sample

tube, thermometer, nitrogen purge, decanter and condenser. Heat the

reactor to perform alcoholysis and emulsifying re-arrangement.

2. After achieving the proper degree of alcoholysis and emulsifying re-
arrangement, cool the reactor to the desired temperature before charging #2.
Then heat up the reactor again to carry 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,
oleric 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 oil, tung oil.
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The molecular weight of the PEG is preferably from 3000 to 3700,
Safflower oil and soybean oil are both suitable for the reaction, but
safflower oil is preferred. Benzoic acid, which is usually used in alkyd
preparation, can also be applied in this alkyd resin, but p-t-butylbenzoic

acid is preferred.
The preferred specifications of the alkyd resin are listed in Table 2.

Table 2

1 Non-Volatile Matter (NVM), 110°C, 1 hr | 100 %
(ASTM D-1259)
2 Colour (60% in Xylene) (ASTM D-1544) 3-5

3 Viscosity (60% in Xylene) (ASTM D 1545) | X-Z

4 Acid Value (AV) (ASTM D1639) 12+1; 15+1; 20+1

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-
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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,

Polyol alkyd dispersions are prepared by pouring a pre-heated solvent-free
alkyd resin into water with mild stirring. A general procedure is discussed

below.

The alkyd resin is heated to a melt state. Meanwhile, the calculated amount
of de-ionized water is heated to the dispersing temperature in an emulsion
reactor fitted with an anchor stirrer. (The amount of water is based on the
desired NVM% of the final product).

A calculated amount of an amine (for example triethylamine, TEA), is
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 1s 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 amine.

I-ICC~U~O~i----~
€ April 2005
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Wat er borne Al kyd Di spersion (PADS). Al kyd di spersions (PADS) are prepared
by pouring a pre-heated solvent-free alkyd resin into vvat%rA\m 5m'Id
stirring. Atypical procedure is shown below The general characteri stics
of the PADS are also displayed in Table 6. A general procedure for
preparing | ow VOC al kyd di spersion (PAD) (REA1162) is discussed bel ow

Mat eri al sAmount, ams ALKYD RESI N { RWA- 1194} ( Av=12) 1500 DE-1 ONI ZED
WATER2363. 6 TRI ETHYL AM NE32. 47 Solid Content %\NVM, 110C, 1 hour 38. 5% Put
the base resin in 140C. oven for 1 hour,to obtain nelt status. Charge the
cal cul ated anobunt of de-ionized water into an enulsion reactor fitted with
an anchor agi @ comphad 10 : d anount
of TEA into emul sion r_eag%dgﬁ?ﬂ gﬁg{g?&i‘lh trhr@%%m&gl?;%g@%?gafa?%‘?ﬁ%ﬁagnsfer t he
base resin toaketfl Bicodispersiog otemperature hfoa soaice tinfeain tdsder toerpey aliair e of
emul si on reac is.n hi gher. than 65C. When the transfer i s conpl eted,

hol d t he reac%dgsrlp ellg OHGSECt}efr%%t%ds fhf’ﬂﬁ?‘g‘sgtwqow EOPEREICSINe PH agustehol t he
reactor to roen henfbr atdirtie aggdidedbetitntt hejubtddoto t e %ﬂgxlix%iio%ﬁlg. neutral
and the solid content to the desired values. Table 6 shows sone physical
properties of terighicsd g rspultingpdimrsion grerghoivin b6 25 00 O O O GO Mrn N
O0rnOOW.-i MW

Appearance Milky white
Non-Volatile Matter (NVM) 110°C, 1 hr 35-45%
Viscosity (Brookfield, $63, 60rpm) 300-1800 CPS
Specific Gravity 1.04-1.07
VOC (g/) <50

Particle Size <Sum

pH 6.5-8.5

No high-speed agitation is needed for the alkyd dispersion formation.
Typically, a pre-heated solvent-free 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-methyi-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 scattering techniques known in the art,
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The general and preferable reaction conditions for alkyd dispersion (PADs)

formation are shown below in Table 3:

Conditions
No. | Process Generally Preferably
1 Alkyd Resin pre-process 140°C 1to 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; | AM95or TEA
ammonia solution
8 Final product pH Adjust to 6.5-8.5 Adjust to 7-7.5

The obtained alkyd dispersions have excellent storage stability and a solid
content of about 39+1% by weight. The particle size is generally smaller
than 5 micron, preferably from 0.01 to 1.0 micron. The small particle size
enhances the stability of the dispersed particles and also leads to the

production of films with high surface gloss.

The solvent-free 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
homogeneous alkyd dispersion, but the separation can be easily reversed
with efficient stirring.

The solvent-free 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 waterbomne

polyurcthane dispersions (PUDs).

N OO
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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 solvent-free polyurethane dispersions (PUDs) of the present invention
have relatively good appearance stability at room temperature. After 6
months of storage, the PUDs exhibit good stability in particle size, with

only a slight increase in pH value and a slight decrease in viscosity.

The solvent-free polyol alkyd dispersions (PADSs) 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.

MOOVO
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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-
11-3) 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 Qil 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:

M
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Table 4

No. | Raw Materials Amount, grms | %

#l1 SAFFLOWER OIL 377.100 24.12
PEG 3350 128.600 8.23
p-t-BUTYL BENZOQIC 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

A. Alcoholysis and emulsifying rearrangement

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).
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Pol yur et hane Di spersion (PUDs) Exanples of general procedugegripinds
ingredients for the preparation of 1K solvent-free pol yurethane di spersion
(PIID) are shown below. Fornula for PUD-I system PUD-I-1(PUD07) Raw

Mat eri al sAmount, sRatio of solid content (% Al kyd D spersion

(RF, A-1162-01) 95.8990 | PDI 4. 1110
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Tot al 100100 PUD-1-2 PUD-08) Raw Material sAmount, sRatio of solid content (%
Al kyd Di spersion (REA-1162-01)93.6285 | PDI 6.3815 Tot al 100100
PUD-| - 3(PUD-09) Raw Material sAmount, sRatio of solid contenpr{ 2008l kyd
Di spersi on (REA-1162-01)91.2080 | PDI 8.820 Total 100100 PUD- | - 4( PUD- 10) Raw
Mat eri al sAmount, sRatio of solid content (% Al kyd Di spersion
(REA-1162-01)88. 6075 | PDI 11. 4025 Total 100100 6 April 2005 28 Fornula for
PUD- Il system PUD-11-1(PUD-12 Raw Material sAnount, gnsRatio of solid
content (% Al kyd D spersion (REA-1165-01)95.6890 |IPDI 4.3210 Total 100100
PUD-I1-2 PUD-13 Raw Material sAmount, sRatio of solid content 9% Al kyd
Di spersi on (REA-1165-01)93. 3085 | PDI 6. 7015 Total 100100 PUD-11-3 UD-14) Raw
Mat eri al sAmoufit, pgRathiich &f L@ MOT waidrBorne Rlk Al BispersionBASishn
( REA-1165-01) 90. 7780 | PDI 9. 2320 Tot al 100100

Alkyd dispersions (PADs) are prepared by pouring a pre-heated solvent-free

alkyd resin into water with mild stirring. A typical procedure is shown
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 stirnng.

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):



PUD-11-4(PUD-15) Raw Material sAmount, sRatio of solid content Al kyd

D spersion (REA-1165-01)88.0775 |1 PDI 11.9325 Total 100100 The cal cul ated
amount of al kyd di spersion (PAD: REA-1162 or REA-1165) is ehargegsi nto an
emul sion reactor with a thernocouple, agitator and kept efficiently
stirred. Add the IPD to alkyd emulsion in 5-10 m nutes at room
tenperature. When IPDI is conpletely added, keep stirring for another 30
mnutes at roomtenperature, then keep it and allow it to continue to
react overnight. 6 April 2005 29 Adjust the pHto 7.5-8.0 using amoni a

solution and test the physical properties. The characteristics of the
resul ting PUDs__are. shown-bel-owi o
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IIl.  Preparation of 1K Solvent-free Polyurethane Dispersion (PUDs)

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

solvent-free polyurethane dispersion (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 (%)
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
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Formula for PUD-II system
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-II4(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-1 165)
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-I-2 PUD-1-3 PUD-I-4
PUD-07 PUD-08 PUD-09 PUD-10
Appearance Milky White
NVM% (110°C, | 42.00 42.85 44.42 45.85
1h)
H 7.60 7.59 7.65 7.62
Viscosity, CPS | 78 84 146 328
(Brookfield,
S563,60rpm)
Particle Size 0.77213% 0.439 | 0.778 14% 0.453 | 0.789 18% 0.514 | 0.808 17% 0.593
(prm) 0.47117% 0.143 | 0.447 24% 0.182 | 0.47121% 0.144 | 0.471 19% 0.143
0.51 70%0.153 | 0.140 62% 0.141 | 0.164 61% 0.161 | 0.163 58% 0.159
Table 8
PUD-II
PUD-II-1 PUD-II-2 PUD-1I-3 PUD-II-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,
563,60rpm)
Particle Size 2.87994% 1.801 | 2.44390% 1.740 | 2.43587% 1.798 | 6.540 19% 4.249
(um) 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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IV Storage Stability Test

Each of the alkyd dispersions (PADs) and 1K alkyd polyurethane
dispersions (PUDs) were examined for changes in viscosity, pH and particle
size at room temperature for up to 6 months. Appearance stability of the
dispersions of the present invention at room temperature and high

temperature (50°C) were also tested, using the following methods:

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 as shown below in Tables 10, 11, 12,

13 and 14.
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IV-1. Alkyd dispersion (PAD)
Stability of particle size is shown in Table 10. During the 6 months of
storage, 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 pH Viscosity
(months) (CPS) * (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 13% 0.571 6.78/90 7.19/130
0.462 16% 0.140
0.154 71% 0.153

M 0.850 13% 0.653 6.56/92 7.18/98
0.463 16% 0.140
0.155 71% 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
6M 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), AOOBEA).
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Table 11
008E-1; pH. 6.67 008E-2, pH 7.04 008E-3; pEl 7.57 008E-4: pil 8.02
Time | pH | Vise, | Tims | pH | Visc. | Time pH | Visc | Time pH Visc,
(days) CPS days) CPS i (days) CPS_| (days) Crs
0 6671 310 |0 7.04 110610 0 7.57 | 2160 0 8.02 | 3240
49 16841 306 7 7.04 872 21 1 7.57 ) 2396 21 3.04 5200
56 | 6741 296 |21 7,03 1310 63 | 7.58 | 1956 | 91 | 8.06 | 5030
77 |'6.68| 280-.28 7.04 | 788 91 | 7510 [ 18267 105 | 8.07 [.5430
91 1865 264 |63 7.05 |632 105 7.57 | 1952 133 240 3876
105 [6.65 ] 260 |91 7.04 {678 189 750 | 638 |.161 890 | 4830
133 | 6.62 156 | 103 7.05 1732 189 5.84 2734
161 |667] 114 j161 | 7.09 336
183 | 6.6% 3 -100 | 18% 7.14 1288
Table 12 shows the deposition formaHon time., The homogeneous stamé of
alkyd dispersions (PADs) may be recoversd through efficient shrring,
Table 12 The stafus change for alkyd dispersions {REA-1165-02, AGOSEA
& REA-1167-01, ADO4EA}
Sample Code pH Valne | Viscosity | Appearance Depaosit
(CPS) Appearancs
Hime (weeks)
REA-1163 008E1 8.67 310 White ~Tw
#02 008E2 7.04 1010 b .
008E3 7.57 2160 i 13w
008E4 .02 5240 Light Yellow S 13w
REA-1167 (004E1 6,70 White T
201 004E2 7.14 l o
004E3 7.47 d .
004E4 7.96 Light Yellow v
>33

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

O'-~
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The results obtained from one set of examples of PUDs are shown in Table 13,
Figure 3 and Figure 4; and those from a further set of examples of PUDs are
shown in Table 14, Figure 5 and Figure 6.

Experimental information:

(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% NH/H,O respectively after 1 day.
Stability: Layer appearance time: PUD-07: ~11 weeks; PUD-08:~13 weeks; all

others >6 months.

Table 13
PUD--1 - PUDA-2 T PUDA-3: PUD-(-4
PUD-07-1 PUD-03-1 PUR-09-1 PUD-10-1
Date 261188 261198 267158 251198
NVM% 42.00 4285 44.42 45.85
Criginal PAD pH |-« 7,48 (REA- 1152-0f-A001E 723 SepL:96; NW/ 3813; V"sc 2P330; Re..m AN 7.53;
oo . e e d -‘-‘Co*i'or.E)"—"" T
Keeplimer - - - 2:months {25-NeviE 9B ENVH %708/8: *pH Gi78; VisclePID )~
ReactioniPAD pH I BAB e BWBEe | FREFABH 8 S I . B8
Afler PUD process 5.94 6.95 7.23 748
pH
Afler ovemight 6.30 6.17 6.42 85.58
NHy H:0 (26%) 0.45/100E 0.53/4008 0. oBhOOE 0.43/1008
Days TpHES Visc, |s8nH o Visc, [SEBE Visc. |, AFpHen Vise.
0 B0% 78 84 145 |f7%80#%:0 328
8 <7334 g4 106 180 Teld ™ 534
1 - 60 100 108 168 --752. -1 8632
14 - TEB T 38 106 172 jRili8ay| B35S
21 1L 68y g2 104 170 '_.8."1 571 626
35 L7108 g4 102 168 7B 16“‘ 65312
42 T8 2N 92 100 164 ‘-'-*8:32-‘ x B10
49 L7.89% 88 106 176 [miBAiwle] B840
56 27.9- 88 a8 164 |89 612
63 ~ 801 88 38 160 | 2=8,56%2] 560 |
77 7925 94 100 160 [-B7057] 530 )
91 B AT 80 24 148  [|«¥288QES|  456° i
105 =803, 60 72 110 [iz38:84p-| 386 !
119 ENEE 72 BD 114 -.8Bg| 420 |
133 S8.0577] 64 70 102 | .85y | 380
147 7.98 62 72 10 |- 868 --| 446 |
161 BTN 70 78 128 |.. 8.65- 420 |
175 779 72 72 120 £.54 44
189 7.84 70 a0t [ 70 16 847 464 |
Nole ~11 weeks can | ~13 weeks can »>27 weeks >27 weeks 1
see lavers see layers ' l
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Experimental information:

(before reaction) PAD pH 6.37, vise, 254 CPS (original pH 7.28, visc. 4170
CPS)

reaction time: >2 months

Lhpe wan
Ll 1wt

ction) adjust to pH ~7.6 with 26% NHa/H,0 respectively after 1 day.

Stability: Layer appearance time: PUD-12: ~19 weeks;all others>@ months.

Tahle 14

PUD-1 PUD-N-2 CaPUD-N-3, PUD-1I-4
PUD-12-1 PUD-13-1 PUD-14-1 PUD-15-1
Dzte 017238 071238 011238 17258
NVIMY% 42.85 44 35 46,18 47,39
Original PAD pH {728 (REAM165-01, ACOZEZ25 Sept; P40 Resinl AN/A2.81;
T <. R . L
Keep lime - ., e TiVisc., cP25d) =
Reaclion PAD-pH . -
Afler PUD process pH .71 6.89
Afler overnight . 5.68 6.86
NH; H,0 (26%) 0.37/100E 0.32/10CE 0.32/1008 0.25/100E
Days ShHE| Vise, MFpHE| Visc. =5pHESE] Visc, o rpHIRY] Visc.
o 7.61= 226 |, 764 154 IATBRE| 250 |-, .TBR- | 1120
3 7.61r; 2486 7,53 170 sh428l 238 F el
5 “fe0 18 247 {%G7:64m™ 128 Cn s 272
g 7.6 314 BB 210 272
14 786 78 |-7.86v] 196 276 |
28 =TT 286 |".7.B84. 174 L : 272 I
35 7.88. 320 7.94:5 218 “8.230 308
a2 784 | 358 | 8.02 | 224 88T 294
49 .87 202 |- 8Ad= 180 -~ 8818251 292
56 TEB2 252 |.-8:257 |  1Ba | Bi7&-| 280
3 8B, 248  }£8:29% 186 “EB36mn| 254
74 7887 238 [.8117A 166 |nB8I581%% 264
91 774" 188 |77.94 7 158 Frglarha 224
105 7.57" 204 . B.01 162 “8.24us| 242 28170 1082
119 7.54 136 7.89 130 ‘B.28%F 188 LEYAR 8es !
133 - 7-60- 132 7.83- 130 *8.441 180 8.654 830
147 7.53 118 7.80 112 825 - 162 8.59 830
161 7.51 7.74 8.26 8.50 |
175 7.81 108 T7.65 104 8.31 144 8.37 | 820
180 745 g2 7.62 104 8.25 144 822 | 830
Nole ~1Sweeks can »27 weeks >27 weeks >27 weeks
see layers
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di spersions (PADS) and 1K al kyd pol yuret hane di spersions %B\?Qﬁgoog\ere

exam ned for changes in viscosity, pH and particle size at room
tenperature for up to 6 nonths. Appearance stability of the dispersions of
the present invention at roomtenperature and high tenperature (50C) were
al so tested, using the follow ng nmethods: Room tenperature a) Check
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 nmonths. Record the tine when 3he deposition of the dispersions
appeared and when it cannot be reversed through efficiently stirring, and
record the. pkinpwissaost ttye appeapart iscibditsideldat avithhPARjaistootrhe pH val ue of
t he dispersion to.the fixed val d .rec t he han of, the status,

Vi scosi t y "HMFTPNF T éﬁ‘oéms?g%wd? T#ﬁéaigl slg'ésr {s%%’genhsé glre)cltlm g’ Ui the first two
nont hs andeiigRn@YeUY dndrAmeeksathereafter until 6 nonths. High
tenperature (50C) a) Check appearance and test pH, viscosity and particle
size of the dispersion every day. Record the tine when the deposition of
the dispefsi.QRs appeaiet dedpWhancd dabganoobube Wieveiseed: apbg record the pH,
viscosity and particlé size data. b) Adjust the pH value of the dispersion
to the fixeeevallae and record the change of status, viscosity and particle
size of fthe Iif T ] i

: O EVETY Ot T TG 6a be T ECoV I—Tte results
9 Ié‘%;%%r% es| as_s 6g:l}\llégsghﬁb%l aw _ﬂp#ﬁ f%é%%g 11 ?5&%&3 and 14.

For a nufbero P appear. m persi ' appedrance
' (weeks)
1 2 3 1 3]

REA- #01/001E PUD-I-1 PUD-O7 ~Qy
1162 PUD-I-2 PUD—Og >10w
FUD-I-3 PUD-G9 >19w

PUD-I-4 PUID-10 >19w

REA- #01/002E PUD-U-1 | PUD-12-1 ~19w
1165 PUD-I-2 PUD-13-1 >19w
PUD-II-3 | PUD-14-1 >19w

PUD-II-4 | PUD-15-1 >19w

H03/008EB | <2w | <Sw | >11w | PUD-II-1- | PUD-12-3 | >11lw
. PUD-II-2- | PUD-13-3 i >11w
#02/008EA | <3w | <5w | <6w | PUD-I1-3- | PUD-14-3 | <13w

#04/009EA | <2w | <Ow | >9w PUD-14-4 | <7w
#06/013E-1 | <lw | <Dw | <6w PUD-14-5-1 | <2w >Eow
#06/013E-2 | <lw | <lw PUD-14-5-2 | ~1w ~Tw
#O6/013E-3 | <iw | <lw PUD-14-5-3 | ~1w ~1w
#08/006EB-A | <3w | <3w | >3w PUD-14-6-11 >3w
#08/006EB-B | <lw | <lw | <lw PUD-14-6-2 1 >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;

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

V3

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

test their film properties.



6 April 2005 34 IV-1. Al kyd dispersion (PAD) Stability of particle size is
shown in Table 10. During the 6 nonths of storage, there was no significant
change of the particle size. However, the pH val ue and vi scboiérhé &L

di spersion decreased as the storage period increased. Table 1 ?a ility
test of al kyd di spersion (PADS) over six nonths storage at roomtenperature
{ REA- 1162- 01, prepared: 24 Sept., 98; NVM/@E8.6}. TineParticle Size DatapH
Vi scositypH Viscosity nmont hsCPS *CPS) 00. 872 29% 0. 5897. 16/ 330 0. 463 21%
0.151 0.193 48%0.164 1 M. 823 15% 0.5867.03/ 0.461 18%0.139 0.159 67%
0.156 2 MD. 830 13% 0.5716. 78/ 907. 19/ 13330. 462 16% 0. 140 0.154 71% 0. 153 3
MD. 850 13% 0. 6536. 56/ 927.18/ 98 0.463 16%0. 140 0. 155 71% 0. 153 4.5 M. 534
419%6. 36/ 50 0. IBBEPODIA&r2830 0. 112 5 M. 535 46% 0. 553; 0. 1176. 16/ 22 54% 0. 118
6 MD. 946 9% 0.436; 0.4235. 95/ 28 40% 0. 209; 0.126 51% 0. 121 7 M. 894 55%

0. 413; 0. 1145. 79116 PrEP glysa slgaconras framyddtedbbasod oadjkysitedyurdhbhe 11,

Figure 1 and RiQufind W W S i.tyv. change wth respect to storage period
at a fixed pH_v%I use, or \gix?r'rpllﬁe?é C%%”%A‘B& O(Slattllofzf(?nﬁ’ingffgﬁéq %HO(’V%S):

( REA- 1165- 02) ingkedigdEs). 6 April 2005 35 008E-1; H 6.67008E-2; H

7, 04008E- 3; alt—#-5+-008F4—=aH 8,02

1 . S0 \Y)
Ti mepHVi sc, Ti Ma}t\%ﬁlﬁ\/"i sc. Ti mepHWi scTIRPERE se. |

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 3 mils. 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 {563, 60rpm) 476
Film appearance Clear, glossy, soft and flexible
Gloss (glass, 60°) (ASTM D523) 173
Pencil Hardness (glass, scratch) (ASTM D3360) | HB
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 (A1 10x10, Imm) (ASTM D3359) 100/100 passed
Bending Test (A1) Crazing lines formed between
clearance 5~{5mm
Impact Test (ASTM G-14)
Direct Impact > 30 in-1bs
Indirect Impact <15 in-lbs




days) CPSdavs) CPS(da s) CPS(da s) CPS 06. 67310 10Or7. 041D10017. 572160~ Ol
8.0215240 49 ~6.641 . 3067204872217.5725961 218. 045200 566. 74296
1217.038106317. 581956918. 06~ 5030 776.68280 6. Ansi
~.287.04788917.5113261058. 075430 916.65264637.056921057,5719@5&%@@.4033 i 6
1056. 65260917. 046781897, 50638. 1618. 904850 |i 36. 621561057. 057321898. 84c724
1616.671141617. 093361 1896. 69' 100l E97, 142881 Table 1? shows the deposition
formation tinme. The honpbgeneous status of al kyd di spersions (PADS) maybe
recovered through. effficient stirring Table 11 Table 12 The status change
for al kyd dispersions {REA-1165-02, AOQBEA & REA-1167-01, AOO4EA} Sanple
CodepH Val ueVi scosi fyy~ (CPS) Appear anceDeposit Appearance tinme (weeks)

REA- 1165008E16. &7 3X0OWUD elowsloss?8e 7 1049, ~2160~>13w
OOSE48. 025240Li ght Yel | ow>13W 1 ¢ et i AR sl e 38 2120
NG 00" : EZ7. 14kolgietoneatispamiqn (RIFa#E3). 08he ghutingtoropesition e@uptisel 2, 1K
?.1lyd Ponur&ﬁnggvﬁgzﬁﬁgagﬁgs (PUDs) 6 April 2005 36 The results

obt ai ned from one se exanpl es of PUDs are shown in Table 13, Figure 3

and Fi gure 4| Mardalkhose from a furthamoslg of ekanples of PUDS arze shown
in Table 14, ['WpUGe 5 and F ~UTE 6.  ExpEfg mental oy payeton—(vefore
reaction) PAD pH 6.78, vise. 90/ CPS (original p g%gk?f 87vise. 330 CPS)
reaction ti rregera(tsgﬁweszorggpt hs 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. Thc sample was then
drawn on the substrate — glass, paper, wood, tin and aluminium, at a wet
thickness of about 3 mils. 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°) (ASTM D523) 36.1
Pencil Hardness (glass, scratch) (ASTM D3360) | F
Sward Hardness (ASTM D2134) 10
Color, Yellowing 14.61
Dry Time: (ASTM D1640)
Set to touch 20
Tack free 30
Thorough dry 30
Adhesion (Al 10x10, lmm) (ASTM D3359) 100/100
Bending Test (A1) Crazingat 0T
Impact Test (ASTM G-14)
Direct iImpact > 20 in-lbs
Indirect Impact <5 in-lbs




(after reaction) adjust to pH ~7.6 with 26% NH~it-120 respectively after 1
day. Stability: Layer appearance tinme: PUD-07: -11 weeks; PUD- 08:--13
weeks; all others >6 nonths. Table 13 PUD ~-1~ PUC, - 1| -2~ PU%IH%@ PUD-I| -4
PUD- 07- 1PUD- 09-i PUC-C9-1 , PL'D- 10-1 Dat 626119826119D261198"'3
NVM& 2. 0042. 8544. 42 45.85 Ori 9i nal , PAD pH7, 16- (REA-i11 62- 0f ~AOO E; 23 SeplL;
98 =1JVrd% 38."'3; Vsc. cPJJO Ruin: AN 7.53; .. - - e :-'"-""Color B.)~
‘r-c: ~~,"~. Keep tine- ~~~ - 2"fi|01|}is (25~Nov. "'
98, - NVhf | * 38J83%, ~pH16i 78~ Vsc: cP90 ) Re2cti onPADpH-' 6: 78 ~s~.-:=; -
678: ~N~--~5 +~~w ~~~ Ti 7,8;tir: After PUD process
pH6. 946. 957237. 19 Afler overni ght6 306 76 426.58 NH, HzO
(26%0 45/ 700H). A3hgo 3 0 c ~X, P ii
LY s, R R NG sl R B Vb peR o
"1 ?7?59~: ~ 84 Pﬁmfﬁhm%dlqusllep (PUD- HGPr)f Tl&'280e$m§ &Bnpo@éxongc?onﬁﬁrs;s 106ya
6| 96i v~} 1807 i O~~iDO' ~:7..69i: ; B~~s759a; v1ii f| 8
' 7:62. - 632 13fh~f°£nfg’%“%mg’é°§‘e“? T.B :y106' Lyl e= (=] 7 ~i72~ ~7d97.i - : 65S
2| 7.:68. 192, Materia®1<104: % 805n gl?O&umguﬁt/% ==. 9§25 35. 77 70794 Z 2W,
-102fi 4. 8‘.04mr§“0’—8—rﬁﬁ—r$u A2~ F 93— 7I 88 yxt 10Q: ~=; 8] ~B;
F.tJ164= _8;32;1- ~~610 49=7.89]-88:;7 0% x; meﬁ 74k . ">':,~176:;",S;
4| " 1" ~6a0 E@%Fvo%naﬁeb 50%, . 98l ~~i 8: 136 : 4 B2 63~ 8.p1<88==8
-98 ~ 8% tl¥e31;§Q,J = 1 X% 60 3{5 2. 925 9a_s8: 39~ ~; 100 ~8i -09: x;
7! 1160: : : 877Q Butyl CoRolve 5.29
Exxol D40 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 3 mils. All panels were cured at room temperature for 7

days.

The film is clear, hard and flexible, and has a gloss appearance between

those of examples 1 and 2 above.

1K PUD White Paint

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-1I-3)PUD-14-3

Materials Amount/g Amount/g
Grind Paste

PUD 65.30 66.92
Dowanol DPM 6.62 7.36

Butyl Coliosolve 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




9i ',;.8:41:-80_ 8.62-~>: 94E _~877.:'J148_,"~8: 89t _ ~456' |

105' ?8.: 03>, 6D: : ~B: STf; 72_; ='. 8: 65}a110 8; ed4~-cC 396 ' 119.'8.117?72:
8:58' = 8D~ 8i 5lv=~=: 114"-:8:84' -'J d20 133~: 8. 05" 64; 8: 39; —’77920% 32=a. ~{
102',8)75?' | 380 147 i 7.98608. 31-' ~7?2. :_-828-::- J110~ 46 1
161--7. 91-708:18' -~~-78: -8F19;-=-'~1L8 ~-, 8. 66490

1757.79725.01. 72~' 8. 06~."'J i2D8. 64464 1 1897.84708.01708.071 168 47464

Noi e-11 weeks can see | avers-13 weeks can see | ayers>27 weeksl >27 weeks ~
11i 6 April 2005 37 Experinmental information; (before reaction) PAD pH
637, visc. 254 CPS (original pH 7.28, visa 4170 CPS) reaction tinme: >2
nonths (after reaction) adjust to pH - -B2G with 269\H} / H20 respecti veI y
after 1 day. Stability: Layer appearance tinme: PUD-12: -19 weeks;'all

ot hers' > 6rmmrtgs. Table J. 4 PYUD=11-1 ~ PUD-11-2~ .~~PUD-11-3. PUD-I}|-4

PUD- 12-1 | 181144dR=14- 1 PUDsF¥5- 1 Dat e01f 298 013398071298 01; 298
NV~A%2. 95 Wk p46. 18 47,39 Qpijgimal PAD pH7: 28, (+Bsn' ti 6~i, AO02E, | .25
“eplL; ¥99~~N W~CT cPQUT70;RESI N 11 N 2081, Keep 1 i me —===f.~> 2
nont hs; ( 3of ~~‘5§ +N Vht%7C,9§%,7rle6 137;; VSGyg 46P254) 1" - Reaclion
PAD~pH - - g=37:) _ " g e—AH-er— upreecss

pfi 6. 716. 8760 08BAJGIARE er over ni ght 6. 686. 666. 736, 86 NH, HzO (26%
j 0. 37hooE0. B tovECV 82 BodE">~0.| 28R00E Days-' ' ?' pH-1VPsc. ~i

PHr ~Vi sc. ' : { Sd@tynWEls €0 8% - ~1pHO~" : Vi sc. 0.88
Butyl Cellosolve - 1133 -1 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 paﬁcls 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
Digpersion (H) 67 G~
Sag (ASTM D4400) Clearance 8 Clearance 12
Gloss (ASTM D523) €25 642
Hiding (ASTM D2805) Out of crytometer £ Out of crytometer £
0.0005 range 0.005 range
Pencil Hardness, 1B ¥
(Wet film thickness 120£m)
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:



07.61,".' 226 ~. 7:642-154 ~:7i 7c6?+ ~250, .7:65 1120 37:51x; 2467. 53170" 7;
42=;;238- 6-7:0'17.' 247~c7.=. 64 1y8;,a7r' 0"5-J~c -27257;.68_-1i 62

97.6:' 314~. 7! 86r 210; ~ 7965 ; , ; , 2727t 60~~" . 1174 6 Aori 2

147.66: 278-.7:88: ' 196~ =8i 07,;'.'.: j276,' 8.00, !' 1212 28 °Aprl2005
,7177:-286'.7.84,i 74~ E8:-i Sb~272"": 31e: ~. 1374

357. 88-3207. 94r 216' . 0. 23, . . 308' ~- 8' 44: " 1440 427.84~ 358

8. 022248i 18i r 5~2948: 47, ~1340 ~ 497, 87v2ti 2~ 8: 11- 190~~-: 81482; 292" -
Bi 387: '} 1240 j 567,.82252~-8:25:184: G :-Bij 7~ t~280"-'8'.42+- :1236 |

637.86: , 248' 8: 23' : 186" . 1: 8: 36+. . 254- ~=. 8_42: .~ 1220 ~ 747188.:238: , 8r] ~Te;
166_sr8: ' SB~- 264’ ' _89F8Y: 1168 | 917' ¥4 ' 108' Z.94 :158' "8:42 ::;:224-' 8:
78~ - 1032 | [T057. 67" 204X 8. OT] T4 2=Be 01082119

J DAL D12 e 130

7.641367. 89130-879="+H8—8> —89 133

7,93-130' 8. 44=-—~-1908 00" 4830 1‘2@371)@??@349? 8011 ¥ FPYD-12-DReI33 59836
1617.51~( 7, TMptedds 50 175] 7] Anenm@s7. 651048. 3Ameladg. 37] 83ri [1807
45927. 621048 LoindicdPas@®. 22830 _ |Nol e- 19 weeks can|see Tayers( >27 eks~ >27
weeks>27 weel;s 6 April 2005 (38 A conparison of the appearance qtability
of PUD with PRDDa2-3room tenper@tiore is shown bekowyin Table 15. [This table
lists the ti mPowr@hDPNE deposiad2on of PUD and PABrappeared. Tablle IS
Conpari ng t heBappeeasiee st abillli3tzy of PUDs with| PABS at room tenperature.
Al kyd Di sper $Popékpokiot Pol yur dt3tdne~ Deposit ( PARS) appear ance
ti meDi sper si phurfRoRY-dppear anged.Toweeks 1231 3{ p.79

t 2EA- n01/ 001 EPURME Z06PUD- 07~~9wW 66282PUD- 1- 2PUD- 0B>19w i PUD- i - 3FUD{09>i 9w

Ti-Pure 960 60.29
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% i.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 in 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° (3mils on paper) | 90 55.9
Pencil Hardness, F F
(Wet film thickness 3mil)
Yellowing (3mil on paper) 3.23 3.24




PUD- | - 4PUD- 10>19w REA- ~* O1/ 002EPUD- | | - 1PUD- 12- 1- 19w 1165PUD- u- 2PUD-i 3-i >19w
PUD- | | - 3PUD- 14- i >19w PUD- I | - 4PUD- 15- 1>19w
' 1 f 03/ 008EB<2w<Sw>| | WPUD- 1 | - 1- PUD- 12- 3> | w PUD-) | - 2- PUD- 13-
n02/ 008EA<3WKSW<EWPUD- Tl - 3- PUD- 14- 3<13w n04/ 0095A<2W<9V\/>9\A/Fﬁjr§ﬂri%° AQw
#06/ 013E- 1<1W<2W<6WPUD- 14- S- 1<2w>6w #06/ 013E- 2<| w<1wPUD- 14- S- 2- 1w | w

#- 061 013E- 3<1w<1wPUD- 14-5-3- 1w | w ' ~08/ 006 EB- A<3w<3w>3wPUD- 14- 6- 1>3w
~~081CC6EB- B i Qa<l w<twai ~T, O 14 5 2>l w, >3w 1. Sanpl es kept still at room
t enperature, appearance change nonitored; 3. Stability test at room

3. Stability test at

tenperature, with no adjustnment of pH gyery tinme;
with pH adj usted every ti rre The products of the above

roomt enperat ure,

exanpl es vvereforltl)%l?@g ths %Itll\/ dest |r fil
properties 0% fﬂ;ﬂf‘ Pa a”f’ Rn %}E YroES Weear coat
was for nul at‘@ép%&‘@étﬂ?@ﬁ) -BtRy d1p S H‘@CC €55 SGtONt PRPORE | | - 1). The

coating conposition conpri sed the foI | owm ng i ngredl ents: Material sAmount/g

PUD- 12- 312636

2A(DLIND 1 L. 1) NI V)
A4~ ani B |

Co—890-99—AcF+ve—8+

38%0. 29 Butyyl Cel L osal vels 0 Fyyr@suﬂﬁrﬁ"l}ijiﬁb‘%é a2l 143. 41 The additivds were
added and nfi xed efficiently. Thd WAHBUDVADRHEN |FBRUEhI¢HRRsUbst]r at e
-gl ass, pap%at&ﬁ@l@ tin and al UrAmount/gat a wet |tdunoknEss of about| 3
mils. Al A3Aa jn cured at rjoomtenperature tgr 7 days before Heing
subj ected tio physi ca testing in accordance with tthe ASTM nethods. [Coati ng
characteri gt ddry filmprad 4es are set out ow. Wi ht of] solid
%86.9 Vi scosﬂ)@égm 6 rrﬁ?G Fil lr?1 apf;gd%’anceﬂ eaz, | o3 53613?0“ and flexifgle
d oss | ass,| Bowas 3)173 5

Butyl Cellosolve 14,74 14.74

Disperbyk 190 3.68 3.68

Surfynel 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 88.45

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, i apd aluminiam.

All panels were cured at room

temperature for 7 days before being subjected to physical testing in accoerdance

with the ASTM methods.

Coating characteristics and dry film properties are set out below:



Penci| Hazdness | ass, scratch (ASTM D3360HB Sward Hardness ASTM D213424
Col or, Yellow ngl3.40 Time: ASTMD1640 Set to touch30 mn Tack free85 mn
Thor ough100 m n Adhesion Al 10x10, | m) ASTM D3359) 100/ 100 é’:\%s? endi ng
Test (Al)Crazing lines formed between cl earance 5--15mm | m&ct t (ASTM
G 14 Direct Inpact> 30 in-Ibs Indirect Imact< IS in-Ibs 6 April 2005 40
2. A 1K PUD | ow gl oss clear coat was fornul ated based on al kyd

pol yur et hane di spersion (PUD-11-3). The coating conposition conprised the
followi ng ingredients: Material sAmount/g PUD 14-7126. 26(PUD-11-3), NVMb
43. 87 Servosyn Web Co. 8%. 04 Active 8, 438%0. 31 Butyl Cell osol vel5.3 Exxol
D-400. 82 Tota] 143. 73 The additives were added and m xed efficiently. The
sanpl e was then drawn on the suf A0S TS s him and

al umi ni um  at [ayETo Ghckness—of jgbg!@égﬁ? YPEUBIERIL i ed at
roomtenperatyuge Tor days bef gre bei ng subjectled-to physical festing in
accordance wi | §EHE BBrv net hods 2coating charadt®ristics and diy film
properties azeDsgtsigufbel ow Weilght of solid %86.0 Viscosity (s63,

60r pm) 242 Fi | pBagppear anceHazy, hakatdntd® & pgs (dl@&Sancd9)s (ASTM D523) 36. 1

Penci | Har dnepssiosg berSmilS& Sbah) \$TM D3360) F Svwgy,g Hardness (ASTM
D2134) 10 Col orPenggﬁgﬁgglﬁglwqgﬁii me: (ASTM DJ%&%) Set to tougch20

(Wet film thickness 3mil)
Yellowing (3mil on paper) 3.24 3.24

Low VOC waterborne alkyd 2K polyurethane.

A 2K high gloss vamish 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 %
Part1 | REA-1165-09 71.53
{NVM?%38.52, Eq.wt.(OH):298g (solid)}
Surfynol 465 0.19
DI water 7.45
BYK307 0.07
BYK0(11 0.10
BYK348 (.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.



Tack free3p Thorough dry30 Adhesion (A 10x10, Imm (ASTM D3359) 100/ 100
Bending Test (Al )Crazing at O T Inpact Test (ASTM G 14) Direct I|npact> 20
in-lbs Indirect Inpact< 5 in-lbs 6 April 2005 41 3. A 1K6&RpH 00w gl oss
cl ear coat was formnul ated based on al kyd pol yuret hane di spersion
(PUD-11-2). The coating conmposition conprises the follow ng ingredient:
Mat eri al sAmounUg PUD- 13- 345. 00(PUD-11-2), NVMW 42. 62 Servosyn Wb

Co. 894). 353 Active 8, 38%0. 10 Butyl Cell osol ve5.29 Exxol D-40p, 277

Total 51. 02 The additives were added and m xed efficiently. The sanple was
then drawn on the substrate -glass, pgper, wood, tin and alumnium at a
wet thickness of about 3 mls. A] panels were cured at roomtenperature
For 7 days. The filmis clear, hard and flexible, and has a gl oss

appear ance l@,%taﬂﬁen:haiafmslemfanamﬂlestpamtsz above 1K PUD Wiite Paint A
| K PUD whi t_e__paj_nl__mas_t_aLm,LL-al ed-base atkye—pol| yur et hane di spersi on
(PUD- I | - 1, 3Weighe¥d SeliaulPartdiitirpdlocedur 33%5 2 shown bl ow

(PUD-1 1 - 1) PuRsdRit@( PUD- | | - 3) PUD- 14- 3 Maf&FiUdl sAnpunt / gAmounUg Gri nd Past e
PUDG5. 3066.|82)BquanelittBPV6. 627. 36 But y| <B/lissol velB. 2714. 74 Di sper byk

1903. 313. 68 150r {y0BktDERABY. 79p. gg TitBure R 90266/2973.66 6 April 2005

42 Rinse 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+

: . . i meang Sinnl 11 07 . yoh f
In this specification the tesm “comprisimg’ means msiudm_g, or consisting of

and the term “comprises” means “includes or consists ot

The featnres 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 amny
combination of such features, be utilised for realising the mvention in diverse

forms thereof.



Butyl Cell osol vel8.5620.6 Exxol 1.671. 86 Let-Down PUD96.0798. 45 fi nal

Addi tives Servosvn Wb Zr 129%.061. 18 ServosvnWb Co 8%®. 790. 88 Butyl

Cel | osol vel. 331. 47 ~ Total ~275.06291.68 The additives wer & gffegsand

zni 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 aluminium Aii phnhels were cured at room tenperature
for 7 days before being subjected to physical testing in accordance with
the ASTM @eMIMSs. Coating characteristics and dry filmproperties are set
out below PUD-I11-1 PUD-12-3 ~PUD-11-3) PUD- 14-3 Weight % Sol i d50. 349 3,

Vi scosi t ] ARITACTON
D4400) O LA hARIRoD kR, Stk e, 3'@511121)%%“ et H%]dfﬁ%g (1 ol

D2805) . 0 005 . [ange

penci | vor i aouSigit AR aheqritt ﬁﬁkk%‘e% ARy OB af o “A 1

PUD whi te nt ed on al kyd po et hane di s erS| on

(PUD-1 1 - ?‘%a %‘Yga‘f%ﬁ&‘%lrd‘t ﬁPBE YAn eéFﬂé‘ﬁgé'fO“oﬁ}Fly BE FesRiine greseyltanboos 43

(PUDII-1)PUD 12-3 WD- PUD- | 2- DR- 02WD- PUD- | 2- DR- 03 WMat eri al sAmount / gAmount/ g
mixture from the alcoholysis and emulsifying re-arrangement step with an acid and/or

a acid anhudride, and a polyhydroxy compound with esterification step being

terminated on reaching a predetermined acid value or predetermined viscosity.

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

than 40% in solhd.

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 1 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 weight in the range of 3000-3700.



Gind Paste PUD12-365. 3065. 30 Dowanol DPM5. 626. 62 Butyl

Cel | osol vel3. 2713. 27 Di sperbyk 1903. 313. 31 Surfynol DF-2100.790.79 Ti Pure
70666. 29 Ti-Pure 96066.29 Ri nse Butyl Cellosolvel8.5618. 566REpK®005
D-401.671. 67 Let-Down PUD 12-396.0796.07 Final Additives Servosyn Wb Zr
129%1. 061. 06 Servosyn Web Co 8%). 790. 79 Butyl Cell osol vel. 331. 33

Tot al 275. 06275. 06 The additives were #dded and mi xed efficiently. The

sanpl e was then reduced to a proper application viscosity with de-ionised
wat er ands.ok asivemtrirdchm]yol kiyt aésn nmglasscording 6F the wadlbd 6f dhyasfdClainsi ni um

Al panels were cured at roomtenperature for 7 days before being subjected

to physi c@l7, beghidfithd ddupakat $apge W th the ASTM nethods. Coating
characteristics and dry filmproperties aze set out bel ow

WD- PUD- | 2- DR- 02WWD- PUD- | 2- DR- 03 Wei ght % Sol i d5049.5 Vi scosity (Krebs units,
KU) 9390 Di spersion (H)77 SagC earance: IOCI earance: 6 3 oss, 60 (3mls on

D eryS A iyl of SN 3 Siycbud,shient fyeq R"E’B%ﬁ? f@lrﬁéﬁ%ﬁrgﬁéé I

based on al kyd pol yurethane _dispersion (PUD-I1-3). The fornula and
pr ocedur ecomRrising thstensedfdiatingin 2 Jeqmigs weslew%amumoéawmrpw | 4- DR- 04

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.

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 emulsifier 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.

14. A method according to Claims 9 to 13 wherein the dispersing temperature is in the

range of 60°-65°C.



Mat erial s , Amount/ QAnount/ Gind Paste' PU i 14-366.9?66.92 Dowanol

DPM7. 367. 36 Butyl Cell osol veld. 7414.74 D sperbyk 1903. 683. 68 Surfvnol
DF-2100.880.88 Ti Pure 706 ~73.66~ Ti-Pure 96073.66 Ri nse B&pL|2005

Cel | osol ve20. 620. 6 Exxol D-401.871.86 Let-Down PUD 14-398.4598. 45 Fi nal

Addi tives Servosyn Wb Zr 129%.181.18 Servosyn Wb Co 8%).880.88 Bu 1

Cel | osol vel. 471. 47 Total 291. 68291. 67 *'he additi ves were added and ni xed
efficiently. The sanple was then reduced to a proper application viscosity
with DI vigt et neddddicaswdingntotdmy ewhstClaines fltad4 wheapieraming ddadded g rid
alumnium All panels were cured at room tenperature For 7 days before

bei ng subjgetrash dfowl ¥sileainde@S0IIND0I 10 @ith eespactae thewksih. t he ASTM met hods.
Coating characteristics and dry film properties are set out below. 6 April
2005 45 WD- PUD- | 4- DR- 03V\D- PUD- | 4- DR- 04 Wi ght % Sol i d46. 147.7 Vi scosity
(KU) 9091 Dispersion (H) 77 SagCl earance > 26 nmm(Cl earance > 26 mm d oss, 60

(3mls o er),67. 192..4 Penci | I SS, I 1 N GKNES 1 1)

Xelzkow n%lét)%ﬁrfhboﬁ aﬁg?)rh %r)gstp 773 .?ﬁfmg@%:{:%%l é‘e[;r%glo;ruhien@al% E%éazﬁ’ %31%5@ ur et hane.
ig 0ss varnj sh was rnul at ed. based .on pol.yol al kyd di spersion.

The cr osdRHIARBEURIGH t‘t‘%“%@%ﬁi&ﬁo%sl'@mﬁﬁt ‘9\%“% - an aliphatic

pol yi socyanate from CRHODI A. The ratio of NCOOH was 1.1/1.

17. A method according to any one of Claims 9 to 16 wherein the solid content of 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 atkyd
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.



Two- conponent | ow VOC wat er borne PU C earcoat based on pol yol al kyd

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

I ngr edi ent sWei ght Part 1REA-1165-0971.53 {NVM/@8. 52, EQq. w6 A@IHpO®0O8¢g
(solid)} Surfynol4650.19 DI water7.45 BYK3070.07 BYKOL10. 10 BYK3480. 35 Part
212HODOCOAT WI' 210220, 2g The part 1 and part 2 were added and hand m xed.
The sanple were then reduced to a prosﬁer application viscosity (62 Kus)
with DI water and drawn on Q panels for testing. Al panels were cured at
room t enzar & ufi@hdd hcchbrdiay o bethi 20bfirthgr sofpeshedhé ardthaeptepsii@als t esti ng
in accordance with the ASTM nethods. 6 April 2005 46 Coating

Char act erd;aiddcsh A4 dip¥shiglprodesgperties. Weight% Solid (Pact 1/Part 2)39.59
Vi scosity62 Kus VOC (gramliter)<SQg/liter Inpact-Direct (inch/ibs)80
Mandrel testLig (ASTM D522-88) Pass i/8 inch Pencil HardnessH d oss

20/ 6083.7/91,5 Crosshatch Adhesi on (ASTM D3359) SB Dry- ~~.e (1 8 mm DFT) 10
hour MEK Doubl e ru (ASTM D47 hlsseC|f atlon

"conpri sivfy" nR5He "P‘f‘f@fddlﬂﬁ a}% 12% @ftf“?{gc%ﬁ“ usiag, ?rﬁelst @Prﬁ: Slgﬁ{)rlses"
means "includes or consists of e features disclosed in the foregoing
descri pt ipfactept/arnad selubdizeey @ﬁ&%lﬁ?{radd?qﬁ’é‘ the diSAYEIRYI ng dr awi ngs,
expressed in their specific fornms or interns of a mneans for performng

t he disclosed function, or a method or process for attaining the disclosed
result, as appropriate, may, separately, or in any conbination of such

f eat ur es,230e\ tieiHods@coriing to €lhins 20 GurtHee comprsihg dierd 13 mbi sesclecnt faddeds

thereof. 6 April 2005 47 CLAIMS 1. A nethod of making a solvent-free

pol yol aljkygk digsdrflogonpri sing an al coholysis and enul sifying
re-arrangenent step of reacting polyethylene glycol (PEG, an oil and a
pol yhydric al cohol, followed by an esterification step of reacting the
resultant mxture fromthe al coholysis and emul sifying re-arrangenent step

with an i d angd/ a.aci d_ anhydri and _a poal yhydr ox und with
esterifi anféft i(‘lb’f?eg“f’gﬁ"%oéfi?ilé to C@?lfﬂ%%gt[gﬁhe ﬁop@ggﬁ%ﬁe gte%sr %%Ceotog%q% hed aci d

val ue or predeterm ned viscos accordi 1o Cdaim1l wherein
the fir sttoﬂ?%é%@p%ﬁmfer@dsﬁﬂﬁ’tsﬁégf@ H}%mﬁﬁﬁgﬁ%tﬁ%ﬁ%t%ﬁsmpgl fyi ng
re-arrangenment step. 3. A nethod according to Claim1l wherein the oil
content in the alkyd resin is |ess

25. A method according to Claim 20 or Claim 24 wherein the amine is Triethylamine,

Dimethylethanol amine (DMEA) or ammonia solution.

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.



than 40%in solid. 4. A nethod according to Claim1 wherein the acid nunber
of the alkyd resin |ies between 12 to 25. 5. A nethod according to Claiml
wherein the nol ecul ar weight of the alkyd resin is between g3, 0pfhk0 14, 000.
6. A method according to Claim1l 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 nethod according3to any one of the preceding clains
wherein the PEG has a nol ecul ar weight in the range of 3000-3700. 6 April

2005 48 829.AAsmtthedtacdordifg RO|OImsa Kk Whefeds it ABAE 2GRAREHINY rﬁ@letrgﬁo met hod
of any of Claims 1 to 7, or a nethod equivalent thereto. 9. A nethod of

maki Ng AnaREUAGHeahaSilod DSS: IPLHReBb& K HeGaLR O sper sion, (PAD),
conprising the steps of heating In a reactor a predeterm ned anount of

wat er, and predeterm ned anount of an am ne, to a dispersing tenperature,
and pouring into the reactor, with stirring, a polyol alkyd resin, which
has been géa?téed tg a rrﬁlt state, af such a rate that the tenperature of the
mx in the-reREhad aceoring s 2ay chant Glyns 2629 visssia thawolids speiest afghe
tenperature, with the tenperature in the reactor being held at about the

di sper si néjSResipe isindherangs o354¥%o0d of tine after the addition of the
resin. 10. A nethod according to Caim9 wherein the alkyd resin used to
process dispersing is PEG nodified, low oil content and solvent-free. 11. A
met hod according to Claim9 further conprising there is no external

sur f act arg¥. o netbdsetetbingita afy 6fic NCla8MIDGBH viferdd @RSsolias bhGest FREE ST NY
process. 12. A nethod according to aim9 further conprising there is no

co- sol vendispaléledisif thdyangt SPRLHIoRY process. 13. A nethod according to
Clains 9, 10, 11 or 12 wherein the dispersing tenperature is in the range
of 55-70C. 14. A nethod according to Clains 9 to 13 wherein the dispersing
tenperature is in the range of 60-65C. 6 April 2005 49 15. A nethod

accor di 2830%1?\ anx}oﬁne of. ains 9 tfo 11.4 wherein amine is added in a nole
ratio a JoTheR @Ceatfing to pny)one qf Glaime)2(3{ pvhegain dha chein evendeei an 16, A
met hod according to any one of Clains 15 wherein amne is added in a nole
rati o andtffyaRccagamgiggomoupd.6-0.95:1.0 with respect to the resin. 17. A
met hod according to any one of Clains 9 to 16 wherein the solid content of
the dispersion is in the range of 35-45% 18. A nethod according to any one
of Claims 9 to 17 wherein the solid content of the dispersionis in the
range of 338A4ffholl hceddingoemyons Wf\@ains’ I2harely Bk idddoishit-8shtinfligsper si on,
(PAD), nade according to the nethod of any one of Clainms 9 to 18. 20. A

met hod ofcoﬁﬁ,lshﬂgisaﬁagguﬁmﬂgﬁw@nt-free pol yur et hane di spersion (PUD) from
a solvent-free polyol "al kyd di spersion (PAD) conprising the steps of
heating in a reactor a predeterm ned anount of water, and a predetem ned
anount of an amine, to a dispersing tenperature, and pouring into the
reactor, ,w th stirring,,.a polyol alk .resin, which has_been heated to a
melt st at3\gl; Aatmeglﬁoéta%cg’r‘gf‘%g? ﬁé@’ cl‘ﬁe"%/ gh‘b‘@? 2Pulte3Hrvhergn the isqcyanate r eact or
is no nore than about 5C above the dispersing tenperature, with the

t enper at GPBITHNE ¢V issoRhorens didsagyanatabout t he di spersing tenperature
for a period of tinme after the addition of the resin, followed by reaction
wi th isocyanate chain extender.

35. A method according to any one of Claims 32 wherein the 1socyanate-containing

compound is an aromatic compound.

36. A method according to any one of Claims 32 to 35 wherein the isocyanate-

containing compound is a di-isocyanate.



6 April 2005 50 21. A nethod according to Caim20 further conprising the
urethane reaction is carried on after dispersing process. 22. A nethod
according to Claim20 further conprising there is no exter Q&prid®P$ act ant / or
and solubilizer or and enulsifier added in the dispersion. 23. A nethod
according to Caim 20 further conprizgng there is no co-sol vent added in
the dispersion. 24. A nmethod accordi é to Cains 20 further conprising the
steps of cooling the mx to roomtenperature and adjusting the pH and/or
sol i d corit7emt mofhot heccldippéo snpnne @EClamy24-Abovheouw i ¢hgin extaidgr v &0 or
Claim 24 wherein the amne is Triethylam ne, D nethylethanol am ne (DVEA)
or anmmoni ZikRhalto@iining@ompot@t.hod according to any one of Cains 20, 24 or
25 wherein the dispersing tenperature is in the range of 55-70C. 27. A

met hod according to any one of Clains 20 to 26 wherein the dispersing
tenperature is in the range of 60 -65C. 28. A nethod according to any one

Fange of 2 10 GeGnAk L SafBrCod FIARECH 10 1 RReRi T BRHE L0
o o Ay Betgnist oyt seidiop BBt A5t ol Ry BfrBh % W hod

according to any one of Cains 20-29 wherein the solids content of the

di sper si on therange pheetvegigk0: 9 amE3U#d, 31, A nmet hod according to any one of
Clains 20-30 wherein the solids content of the dispersion is in the range
of 38-40% 32. A nethod according to any one of Cains 20-31 wherein the
chai n extender is an isocyanate-containing conpound. 33. A nethod according
to any ong) oA fakmbdsacddrdtfietcianytdie oS Qlyimrale-tc @Y aihetdny thommpendf i s an

al i phati c conmpound. 34. A nethod according to any one of Clains 32 to 33

wher ei Nt Hei306YANAL BEANEALIIA S HEIPR SNttt HENPPORBNEKAd dispasianat e. 35.
A net hod according to any one of Cains 32 wherein the

i socyanat .e- . N T aromati ¢ conpound. 36. A nethod
accordindnfggﬁﬁg g%ggggagﬁqugm%%l?g 35 wherein the isocyanat econtai ning
conpound is a di-isocyanate. 6 April 2005 52 37. A nethod according to any
one of Clains 20-31 wherein the chain extender is an aziridine-containing
conpound. 38. A nethod according to apy._one of C inﬁ 20 to 37 wherein the
range of #Yuivertedsacsprding 1@ HAY ex Pk fdamst ¢ ' éagsd‘f JeRRn ctg?ltr%‘Fﬁe 8t the

pol yol al kyd di spersion is in the range of between 10:90 and 30:70. 39. A
met-hod acopidilens ofthelyain petender @ ticsslidocontengef i @pbiohalkyié dispergenas
equi val ents of the chain extender to the solids content of the polyol alkyd
di sper si ogbous15:85t he range of between 10:90 and 20:80. 40. A nethod
according to any one of Clainms 20 |0 39 wherein the range of equival ents 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 solveni-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.



41. A nethod according to any one of Clains 20 to 40 wherein the reaction
is performed in the tenperature range of from about 25 to about 30C. 42. A
aqueous sol vent-free pol yurethane di spersion, (PUD), nade astc)g ”qu'ogg to the
met hod of any one of Clains 20 to 41, or a nethod equival en A
one conponent (1K) coating system conprising the dispersion of Caim 19, or
two conponent (2K) coating system conprising the dispersion of Gaim4l. 6
April 2005 53 44. A coating systemaccording to Caim43 wherein the
coating Sifsterratias syreBRcetaligaiofrlaine 4p émifena ARG Sy HEMIS & TPRB sy st em
45. A filmmade fromthe dispersion of Caim19-or 42.

temperature cure or a baking-type coating system.

45. A film made from the dispersion of Claim 19-or 42.



