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TWO- COVPONENT WATERBORNE PCOLYURETHANE COATI NG Thi s invention
rel at es generall to two conponent aqueous pol yur et hane rS|o o
t hat have ¥ ¥4d%ced sol vent content. More ‘particularly, ?#’Q F7/06251

I nvention relates to two conponent aqueous 5 pol yurethane di spersions,
containing | ow vi SCOWCOMPMM‘ WRSERBORES  PODRGRERIUBE CoNEHiRt anbi ent
t enper at ur e, esir at hi gher tenperature. The coati ngs

pr epar ed therefron1have I mproved har dness, gl oss and sol vent resistance
conpared to 10 conventi onal aqueous polyurethane di sper si ons.

One conponent or two onent ql vent sed u ane conpositions
have been known for 8 r&5e6PgaﬁcgeﬁF§§9gﬁa§$tem%oat|ngs

Rowever , due ctamndmentnca@mmg Ipplyulrie(:hanegdiapenatom that Have

al | owabl e anmount Lfrefiddd ! é%fVéﬁﬂ“d% CRRROUNGS re rEEE% %urﬁﬁgbthe
appl'i cation of coatlngs based pol yure fiine have becore very

i nportant in nwgnﬁﬂoqmnﬁlates to two compoBeRboAGRECW UeoUS

pol yur et hane dli Spgy eéhe @edet@libnkO¥BnRRInRhE }Jéﬁdvié'céé?qF’mdUCt ion
of a varlety useful polyurethane products |nc ud for
exanpl e, coati ngPOLHRRATKANALa tAES capnle guTed at I?‘R’ém ch di spersions

gre typically SFWQ??:&, oxli Slﬂiela‘élsliﬁed vvat:enigns:ae-u:éxﬁ;lséﬂatuuﬁepcyana:1 e-
5 term nate ur et.hane prepo agueous I um t oget her
it e o = ngRa OB ERHS jmprovdd 1 U 100

with an active h
prepol ymers used hardﬂmq),regiamﬂ |amd @blvent resistaneeccomparxed th spersi ons

are generall 30 EHB?E t ctional,

and are typlj}c/al I y Sbt al nfé@ﬁdny act| nghx[&g&hhﬁe giﬁﬁéfrg:l&ﬂgé‘l socyanate
Wi th an isocyanat e-refing \F@m’temr two cowpphReBEngolveRt \Pafed diol in
the presence of FHolyurethane compositions have been krlown for many

yeare to produce high quality coatings. However,
due to the increasingly strict regulations on the

15 allowable amount of volatile organic compounds
emitted during the application of coatings, water
based polyurethane have become very important in
recent years.

One component agueous polyurethane dispersions

20 are well known and are used in the production of a
variety of useful polyurethane products, including,
for example, coatings, adhesives, sealants, and the
like. Such dispersions are typically produced by
dispersing a water-dispersable, isocyanate-

25 terminated polyurethaﬁe prepolymer in an aqueous
medium together with an active hydrogen containing
chain-extender.

The prepolymers used in the preparation of
these one component dispersions are generally

30 substantially linear, that is to say difunctiomal,
and are typically obtained by reacting an excess of
a diisocyanate with an igocyanate-reactive component
comprising a polymeric diol in the presence of a
reactive compound, for example a diol, containing an



reactive conpound, for exanple a diol, .containing an lonic
or non-ionic_hydrophilic group or site. Even t hough the one
conponent wavV@Pi3daqd pol yur et hane di spersions have rBtEP78nt s _ -
of organi c solvent relative to conparabl e sol vent - based 5 coating
conpositions, for many applications, they do not exhibit simlar
coating performance simlar to sol vent based coating conpositions,
especially with jonic bgspentibnit eydarenteiliicespafuplcxssitear dness and

sol vent resistance. i | ence is nainl 0 attributable to the
| ack of chem cal crosgpﬁﬁklghéagﬁ € R ng°"fpr%’ r’f’éattie(fn%&seﬁal ms using the
one conponpolyunathanbaéédpsygignELhave_reducedf&doupms bfsed two
component pol yurgihange solyefiePORALIANTS Wbt dRibent pagapCal 19
crosslinking by Ustng nultifunctiona pol’'yI'socyanates, such_as those
containing S cpsbgyangpmpes’gtml fom many @ppliisiafions, they do
?ﬁ'yiSOCyaPaLeSdﬁéteeﬁthiEi§§g§ii£e@béﬁlﬁ#?ﬁ%rformaﬁ&éj%Qgﬁ%ﬁ&ctbn nature.
unsui tabl e for BOLVeRS: bRSRASEOREIRY FABRRHY (R0 SaResHE1lY With |
Previ ous attenptgegpects ty hé phépertids ioKiglbes, hardnegsOagg@nmponent
aqueous pol yuretggfsggl:sggéiiﬁgggcgsi %%ﬁg#eﬁﬁ?ggﬁgc anat es have
been 25 report ed, d T~ for = . S.
5, 200, 489 and 5, 262rfBatabhestopthentiacidicf |alsmical crosid ipkdpgrati on of a
wat er di sper sabl | ¥l t @%?3' ' rhal emul sifier
that can be used oiB?eggrge¥%§V\§£%g£n%oﬁfeh€i Omﬁgl(%a&l}ireg% gne conposi tions.
However, this inEempapent, wagey|Based syatie®me.s the coating resulting from
the Solvent based two component polyurethane

compositions achieve the desired chemical

15 crosslinking by using multifunctional
' polyisocyanates, such as those containing

isocyanurate groups. Multi-functional

polyisocyanates have high viscosities and are

hydrophobic in nature. They cannot be dispersed in

20 aqueous dispersions, and hence are unsuitable for

water based polyurethane compositions.
.~ Previous attempts to carry out the crosslinking
of two-component agueous polyurethane dispersions
= using hydrophilic polyisocyanates have been _
25 reportéd, as described, for éxample, in U.S. Patent
5,200,489 and 5,252,696. These patents disclosed
the preparation of a water dispersable
polyisocyanate, employing an internal emulsifier,
that can be used to prepare two component
30 polyurethane compositions. However, this internal
emulsifier renders the coating resulting from the
polyisocyanates sensitive to.water. Among the
disadvantages of such prior art two-component water

J



pol yi socyanates sensitive to water. Among the di sadvant ages of such

prior art two-conponent water based polyurethane coatln
conposi ti ons, WRP¥HTRd usi ng wat er di spersabl e polyi socyaffate¥ ﬁ% a -
shorter pot |ife, a higher amount of needed | socyanat e crossllnker and
a lower gloss (if the 5 amount of co-solvent is not increased) than

ot herwi se m ght be desired. Accordingly, there is a need in the
pol yur et hane Coatﬁwédiﬁélvjiﬁfdtﬁﬁe f&baﬁ:qh\geabmpaaﬂtmns | prepakednt ,

wat er - based polyur hane coatin SItIO ns tEat provi de coatings
characterized by B8 ngg%% 5H§%§hﬁﬁ V§§°°Xﬁ8a P§h 8fBs® and sol vent

resi stance, as cqgm@redrtpcsolwfﬁu-dnhmgher amopntyufenbededconp05|t|ons
I n one aspect, the presen entd rel ent
agueous polyurethﬁ %%Bf#ﬁ é¥bé§i ds%@ﬁ f ?Régr gigéﬁg @QZS degr ees
Centigrade 5 (mowntaoﬂlgdaesol\mqhedamo@ ihcitessedd) thano a coating
exhi'bi ti ng enhanc&fhg%&fggsﬁigﬁﬂ(ﬁﬁsdéﬂ%ied sol vent resistance, said

(1)

coating conposition a polyi socyanate which is
di spersible in an ¥Eﬂ)ﬁh§fawiﬁ & 8eefeiBi BRe has an average

functionality of S43{8Rstnsnd Eokt IGYY Aindustry for no EOLveRBY kA495% by
wei ght of a pol yisocyanate 25 addyct sel%gyuretgon1the E oup consi sting

of cyclod|ne}%Wo?°¥Y?BBhdﬁ%E%§$§ﬁs 7 ape; FRRhYPHexanet hyl ene
di i socyanat e1p 2- compoﬁti’dhbe&ﬁmt]md\ﬁm doatdaganeharacseplisednby

difsocyanate,” 1 4 {stiameiiml oac dllSonValabens n05188s alEXBITEYECNS

diii socyanate, an
registance, as compared to solvent-based

polyurethane compositions.
In one aspect, the present invention relates to
is a two-component aqueous polyurethane coating
composition that is curable at 25 degrees Centigrade
(or at a higher temperature if desired) into a
coating exhibiting enhanced hardness, gloss, and
solvent resistance, said coating composition

20 comprising: .
(I) a polyisocyanate which is dispersible in an
aqueous polymer resin dispersion, has an average
functionality of at least 2.0 and contains:
(A) 25% to 95% by weight of a polyisocyanate
25 adduct selected from the group consisting of
cyclodimers or allophanates of 3,3,5-
trimethylhexamethylene diisocyanate, 2-
methylhexamethylene diisocyanate, isophorone
diisocyanate, 1,4-tetramethylene diisocyanate, 1,6-
30 hexamethylene diisocyanate, and combinations
thereof, and
{(B) 5% to 75% by weight of another
polyisocyanate adduct selected from the group

S



t hereof, and (B) 5%to 75% by wei ght of anot her

polylsocyana ct selected fromthe group

3 Og%g%’%nm sting of cyclotriners or biurets of 3PGT/ES97E6251 .
tri met hyl hexanet hyl ene dii socyanate, 2- met hyl hexamnet hyl ene

di i socyanate, isophorone di i socyanate, 1,4-tetranethyl ene

dii socyanate, 1,6- 5 hexanmet hyl ene di i socyanate, and conbi nations
t][lereof, and, clcmsistingcbfoafyebosﬁ%éw ederishine fi¥odfo 32@°d/gs -by vvei(gh§

of an organic s ent LS | t_tol.lsocyanate an 10 1) an

| socyanat e reac?Fé@ek§&?§§§ﬁﬁ?tﬁﬁiﬁ%fe%l °é&a€éﬁ %hspersable pol ymer
resin having a mpdhyiybxamethmmaberdbis@myau&ﬁeJiianphoﬁﬁme(preferably

bet ween 28 t h f1 ééyy% t % cons
i sts essentiall dﬂgo zg Sfrw: rrgf%zg 9.{:%\%5@#% 1%1 N ?&?&énat e, then
conponent (B) i beyameShyleneafdiisocyanate and gontdpatiom® by wei ght,  based
upon the mehgggogf aald coating conposition. | n ot her

aspects, the present vention rel ate proce rreparing the
above- descri bed 20 (9 at Pﬁgteo%ts}?’i:%ﬁer%t é‘%&;ﬂ*@dg’? Ugt'lﬁ

contai ni ng a coofi ap prgaaiedsbloent hehavais nihert to dBoeyahate; The
process conpris§§ contacting conponent (I) and conponent (I1) of said
t wo- conpo ﬂf aqueous pol yurethane coating conmposition 25 to
provi de a BDPxtudd@I)asd deccyangteareactiverhydxroxyl-texminateda ni xed

coating conposi {LeRy §18pe?8hBle polymer resin having a hydroxyl
"~ number of between 10 and 450 (preferably between 28
and 350), with the proviso that if component (B)
cons ists essentially of cyclotrimerized isophorone
15 diisocyanate, then component (C) is present in an
amount of at least 10% by weight, based upon the
weight of said coating composition. '
In other aspects, the present invention relates
to a process for preparing the above-described
20 coating composition, and to a coated substrate
containing a coating prepared from the coating
compeosition. The process comprises contacting
component (I) and componenﬁ (II) of said two-
s . component agueous polyurethane coating compoeition
25 to provide a mixture, and admixing said mixture to
provide a mixed coating composition. The coated
— substrate is prepared by contacting a substrate with
the mixed coating composition.
These and other aspects will become apparent
30 upon reading the following detailed description of
the invention.
It has now been surprisingly found, in
accordance with the present invention, that
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substrate is prepared by contacting a substrate with the m xed coating
conposi tion. These and ot her aspects will becone apparent 30

upon readi ng WA&74575 owi ng det ai |l ed description of t he PETEHO7BE2S1

It has now been surprisingly found, in accordance with the present

I nvention, that conbi nati ons of a select group of

wat er - di sper sabl e pol yi socyanat e adducts enabl e the preparation of no

sol vent (or very dduiseiaes otfvva aemaeeegiou§<19£IMer -3igpHERild ons
characterized by gao hysi cal Bro perties.” These S|cal ggfpertles are

conparable to thé’ﬂiﬂ%ﬁp a"&r“@pé‘f’fi gtsoapgble the P JA%re using
hi gh sol vent - basesblvest (or ve&cynmeneabwehwrmdﬂmpmﬁnmgmmtions.

Mor eover, coatings on substrate n cordance 10. th the present
i nventi on have bg"é?'lua"cﬁiﬁ} 2‘ ra%e:ﬁaﬁdaé&%?% tB %Qfe?avfa wi de range of
pencil lead s phmptzagsam a'hésehphysacahgpmpml:ienead'ablt a
"self-healing" c t§B| S S N the coating
tend to dlsappeaggh%%h &g &ﬂﬁ nggiéﬁloﬁﬁﬁé ) ure Thus, the "mar"
in the coating ac mﬁﬂ@ wrstpénw uping bthtsmlv%ntr@a&mbertwo-

observabl e after énuoi:’dl%r@i:hhhgﬁcolt‘fﬁ compo@it frshi ng
mar -r esi st ance an el f-heal i har act e |st|cs woul d provide a

comer ci al advantMRREOMPT, |°r?att(}5‘9§08!‘ angubstrate Jrade i | raance o
exanple, in wtomjwe;wqiﬁemt invention hdvé heed efpumd it b 't he

COI NG COMPOSL o0 et anb Ao UEE St 4R EIAG e S i 1 socvanate
pol yi socyanat es (hxudnasaﬂaatdmdnehe coatings tend to exhibit a
rgelf-healing” characteristic inasmuch as scratches
in the coating tend to disappear upon standing at
15 room temperature. Thus, the "mar" in the coating
caused by a pencil lead scratch is no longer
observable after a short period of time. These
surprising mar-resistance and self-healing
characteristics would provide a commercial advantage
20 in top-coat and clear-coat applications, for
example, in automotive coatings.

In the preparation of the coating compositions
of the present invention, suitable polyisocyanate
adducts are specified hereinabove. -The

25 cyclodimerized polyisocyanates contain uretdione
moieties and are commonly referred to as "dimers",
whereas the cyclotrimerized polyisocyanates contain
isocyanurate moieties and are commonly referred to
as "trimers". The allophanates useful in this

30 invention are suitably made by reacting an alcohol
with the designated polyisocyanate to form a
carbamate intermediate, which then further reacts
with additional polyisocyanate to form the desired

o
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noieties and are coomonly referred to as "di ners", wher eas the
cyclotrinerized olylsocyanates contaln |socyanurate noi eties and are
comonl y reWQ é‘@ as "triners" The al | ophanat es uBETHBIHA62%hi s 30
i nvention are SU|tany made by reacting an al cohol with the deS|gnated
pol yi socyanate to forma carbamate internediate, which then further
reacts w th additional polyisocyanate to formthe desired

al | Oplhanate Ul\/gtalm dphegiatleqr Metﬁbﬂﬂitgé#%%mfﬁmgng alliophdnatlegsed, fo?L
exanmpl e, in e er
poIgPsocyanate &EdﬁéﬁgagﬁgﬁguﬁPﬁbF§am% e qfq% ééﬁvhéhgwﬁyed in the

coating conposi &i,864,a35 and tha2gré8ent invention. Suitable addltlona!
ol yi socyanat e adduclotrell® pdigibBaRUARL Adifucts ard dlREMAGIC, L1 el di one

or biurets prepared I'C dllsocyanates represe ted by the
fornula: 105 additionally employed o Ney [@9atjing compositieasepk t he R

represents an O'i:glén?ﬁreﬁre%lﬁpinventlﬁéﬂ' NOg 4 FED RS W1 t4Ring@t of 24 to 2100,

preferably . Preferred ||socy%§$tes according to this
i nvention are tW@%?iFGEW@§@ﬁFe& BYCERIBGINAE APOCHANURALLBsher ei n R
represents a di uaueghaaiatﬁbaur@tidionéydquﬁimh x*eavlf&@m‘rom 4 to 25

carbons, a oal i phatic C 0 havi from
4 to 20 carbons°r§Fn&°dFé§¥gﬁya§PgF?pﬁ%?*%?eﬁ%éa:k%hé%? %% 0up havi ng
from6 to 20 carbons. 20 Exanpl es of R{(®@O)yr gani ¢ di i socyanates which are

particularly SU|tabI%h£&r hrﬁharﬁcféﬁrééﬁﬁéﬁk%ﬂ-6%ganic g&%hbanethylene

di i socyanate, 1, hexane drirsoc
2,2, 4- trlneththQVQBEEﬁa egndas Weighﬁl¢%d%&éﬁhﬂé°°& prefexabdiet hyl ene

di i socyanate, 2%g tb 140¢00eo2ReERLEd | &1 EastyAtiEH AcRordinlgoRexane-

this invention are those represented by the above

15 formula wherein R represents a divalent aliphatic

hydrocarbon group having from 4 to 25 carbons, a
divalent cycloaliphatic hydrocarbon group having
from 4 to 20 carbons, or a divalent araliphatic
hydrocarbon group having from 6 to 20 carbons.

20 Examples of the organic diisocyanates which are
particularly suitable for the process include 1,4-
tetramethylene diisocyanate, 1,6-hexamethylene
diisocyanate, 2,2,4-trimethyl-1,6-hexamethylene
diisocyanate, 1, 10-deganemethylene diisocyanate,

25 1,12-dodecanemethylene diisocyanate, cyclohexane-
1,3-diisocyanate, cyclohexane-1,4-diisocyanate, 1,
isocyanato-2-isocyanatomethyl cyclopentane,
isophorone diisocyanate, bis-({4-
isocyanatocyclohexyl) -methane, 1,3- and/or 1,4-bis-

30 {isocyanatomethyl) -cyclchexane, bis-(4-isocyanato-3-
methyl-cyclohexyl)-wmethane, o,o,a’,a’-tetramethyl,
1,3-and/or 1,4-xylene diisocyanate,l-isocyanato-1i-
methyl-4 (3) -isocyanatomethyl cyclohexane, 2,4-and/or

0
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1, 3-di i socyanate, cycl ohexane-1, 4-diisocyanate, 1,

| socyanat o- 2-i socyanat onet hyl cycl opent ane, | sophorone diisocyanate,
bi s- (4- WORN4s4nst ocycl ohexyl ) - net hane, 1, 3- and/or 1, 4- bPET/USH06251

(i socyanat onet hyl ) -cycl ohexane, bis- (4-isocyanato- 3-

met hyl - cycl ohexyl ) -nmet hane, [err] -tetranethyl, 1, 3-and/or 1, 4-xyl ene
di i socyanat e, 1-i socyanat o- 1- nmet hyl - 4( 3) -i socyanat onet hyl cycl ohexane,

2, 4-and/ or s-nexaﬁyd%%gﬁgnxﬂg gafiqé%acﬁé,sqqxaanat e, 4,4 -

dicyclohexylnethaﬁé di I socyanat p t et ranmet hyl xyl ene
di i socyanates, p- Q}FHﬁéOhexYéF‘%hé?ﬁnﬁiE""%{@%ﬁ%nﬂ‘er?é‘qnliPI’socyanat e, 2, 4-
5 toluene dii SOcﬁéﬁih&etﬁyﬁxﬁfgbﬁénéiﬂbbé?&ﬂﬁ@é,e,p-x%lene

en

4, 4" - di phenyl met hgne dii socyanate 4' - | ph t hgne dii socyanate,
pol ynet hyl ene 39&8P9§ﬁ F'pév§F§B§?¥%§T%s§£¥é§ﬁﬁﬁh ‘e é%'

di i socyanat e. sM xtolaenefl didlspcyangbeat 256 <tolwdn® dilisdoyamate,and al so

pol yi socyanat es i ¢h _hay £l e J nt,roduction of

ur et hane, a|rgp%an§?8?98§§§F‘BPBEE§#{%éﬁkégﬁéék (il ur et oni m ne or

i socyanur at e resi dipbenylmethane ghisocyamate s pakymetdyliensal |y enpl oyed in

the 15 coating c IhiahQqS igyﬁg' IS sui tably
a sol vent that doggagg?hg ntggﬁy?ggg %ﬁﬁfﬂg' _ {E&Eﬁ%@%ﬁzroups. Exanpl es

of suitabl e sol vefidBgcyanate.  BighRrescdf P QRSB OaRy BdERy |

ket one, 188t hyles @by hnéea28e, po1fEaboyanites ivitith hid¥e been
di et hyl f or mam de yl acet ate, dipropyl ene

, di,nmet hylacetam,d - bu
gl ycol ~ di met hyl el“ﬁgliﬁeg Lgr I %ﬁgtﬂa‘fles*o?re?%w]é? et ate, propyl ene
gl ycol net hyl et-heallaphaatiter, sweh, wateretpnpstbddirimide,sadretonimibext ur es

of the solvents Ta¥ qgﬁ%ygﬁurate residues.

The organic solvent optionally employed in the

15 coating compositions of the present invention are is
suitably a solvent that does not contain isocyanate
reactive groups. BExamples of suitable solvents are
acetone, methylamyl ketone, methylethyl ketone,
methyisobutyl ketone, n-methylpyrrolidone,

20 dimethylformamide, dimethylacetamide, n-
butylacetate, dipropylene glycol dimethyl ether,
propylene glycol methylethylacetate, propylene
glycol methylether, and other such water-compatible
solvents. Mixtu:es of the solvents may also be

25 used.

The isocyanate reactive hydroxyl terminated
aqueous dispersable resin polymer employed in the
coating composition of the present invention
suitably has a hydroxyl number of between 10 to 450.

30 Preferably, the hydroxyl number is between 28 to
350. Illustrative hydroxyl-terminated polymers are
represented by the formula:



25 used. The isocyanate reactive hyd}oxyl term nat ed

aqueous di spersable resin polynmer enployed in the coati ng conposition
of the presSW?g?ﬂVE%tion sui tably has a hydroxyl numbePCHUSHEG6REHen 10
to 450. 30 Preferably, the hydroxyl nunber is between 28 to 350.
[I'lustrative hydroxyl-term nated pol yners are represented by the
fornmul a: Rlerr] (CH[err] —_—
wherein Rerr] represents (a) a pol yesige(oHR (b) a pol yet her, or (c)
a polyurethane, or (d) a pol yacrylate, or (e) a

copol y(urethane-acrylate), or 5 a conbi nation thereof, having a

nol ecul ar wei ghtwhereitbh&R,wrepréfénte )00 pglyeadeah| prxbdblean 230 to

6, 000. The funct'gﬂ?!' of hyd ] hat pol yrer
represented in the oérﬁrféu%'a qb%/k‘%)céni’géwlrEEﬁgiégmg ﬁ§)8 & nd 8, preferably
between 2 and 6.pakyacrylatejh@rhyed oryropelyi weetirneracrykatslor A1) e

pol ymer resig) aceoighipithdtddrl)ither@eNt h@PiAG SR didfecular Weight20% by wei ght
of non-ionic and/or i1onic h%drophllgc r Oups, preferabé%bbetmeen 2to
10% The SRAGHRRR RAR itoh e O9PoLBTeEPEERLY PREVEER AN dife 15 oxi des
with 3 to 30 reppasocng ety Ifmetdsndeiti 65. the hydFexyllitedmihdted C groups
are carboxylic, sq%*gnlc E@ulfgte gnd guatfrqgéy anmoni um gr oups.
Speci fi ¢ exanpl & ‘?%J‘e&ﬁeﬁ? 8518, & ?h% rmula A (G RHducts of one
or nore Kkinds ofbéifweerpd .\&c ando8y| prefieralslyukétesernst amd &l al i phatic

car boxylic I ds, an lhC e | g or nore
kinds of paShydric Ca&]‘rga(f) ﬁ@fég&'&% tEHPRIVEAC Wt dispAHIENY
polymer resin according to this invention also has

1% to 20% by weight of non-ionic and/or ionic
hydrophilic groups, preferably between 2 to 10%.
The suitable non-ionic groups are polymeric ethylene
15 oxides with 3 to 30 repeating ethylene oxide units.
' The suitable ionic groups are carboxylic, sulfeonic,
sulfate and quaternary ammonium groups.
Specific examples of the polyesters are the
reaction products of one or more kinds of
20 polycarboxylic acids such as saturated aliphatic
carboxylic acids, and/or aromatic carboxylic acid
and one or more kinds of polyhydric alcohols.
Examples of aliphatic.acids are oxalic acig,
succinic acid, glutaric acid, adipic acid, pimelic
25 acig, suberic acid, sebacic acid, isosebacic acid,
- and azelaic acid. Examples of aromatic acids are
phthalic acid, isophthalic acid, terephthalic aciad
and their anhydrides. Examples of the polyhydric
alcohols are ethyleme glycol, 1,2-propylene glycol,
30 1,3-propylene glycol, diethylene glycol, triethylene
glycoel, 1,3-butanediol, 1,4-butanediol, 2,3-
butanediol, 1,5-pentanediol, 1,4-pentanediol, 1,6-

& A
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Exanpl es- of aliphatic acids are oxalic acid, succinic acid, glutaric
acid, adipic acid, pinelic 25 acid, suberic acid, sebacic acid,

i sosebaci ¢ ad¥@9745475 and azel aic aci d. Exanpl es of aromati c FA3TYRS7/45281
phthalic acid, isophthalic acid, terephthalic acid and their
anhydri des. Exanples of the pol yhydric al cohol s are ethyl ene glycol,
1, 2-propyl ene glycol, 30 1, 3-propyl ene glycol, diethylene glycol,
L ritet hé! ene c 19&:{&&%&1_&1,31?,%%&@?@&13_1,,ﬁlpwt%eﬁdheaioﬁ, 3,3-

ut anedi ol , 1, 5-pentanedjal, .1,.4-penta o] , B-

hexanedi ol , 1, 5-¢ﬁ§ﬁﬂﬁéh?iﬂ 3&3¢H%§?8ﬁ339 P,zl%Bpexanedﬁ%&an%d§6I,

2, 3- hexanedi ol , Znekdredinli @, 4-hexanediolhexaneheptanddtlehexapedi ol ,

L et anedtof, b aneatol ol 1 ehifa 0L 806 Chgedsd PopLgned o

gep:ﬁnfd;oL,tﬁFophquanqpénﬂJ Z.Zﬁhézaﬁasﬂﬁbll,?vﬁ-hePZBEG@f;bdi?l$-
-etnyl-2-butyl - 5 é?&ﬂgiﬂ X c X ol ,

trimet hyl ol proparllhee,ob%l 3 ! 3’!?5%?“0?1 gﬁrgﬁ%bl %/)égtg?s |£fac'2?)rdi ng to this
10 invention hapxopAneditls 2nsitdinl -2abysybetvwéchrapanediol, 184900,

preferably betweesydhthdarediMéthEneY h&¥enethylb¥pebpana| i dygbet veen 1.5
to 8, preferably betwee 4 : geC|f|c exanpl es of the

1.8 _to 4. .
pol yethers are tlﬁlﬁi‘?r&pol VRS POIFRELRES B RAEOFEIRT BR YR8t arting
conpounds whigh cihm¢entiomeduives endledudgenwaight rahdle betwebkyl®Boetoxi des

such as propyl ene, oxi de, i yf e oXi,
t et rahydr of ur an, 8’&Békﬂﬁéﬁﬁégéy¥?aPpﬁwg%§h?59u?és£0589heng%¥Q§?%%e 20
oxi des. Certain funghiaonatitobetmeeneds Sokpde, npyeferably shetrweemc| uded.

Sui tabl e starting, corpounds containing at | east one reactive hydrogen
atom

specific examples of the polyethers are the

15 polymers obtained by the reaction of starting
compounds which contain reactive hydrogen atoms with
alkylene oxides such as propylene oxide, butylene
oxide, styrene oxide, tetrahydrofuran,
epichlorohydrin or mixtures of these alkylene

20 oxides. Certain proportions of ethylene oxide may
alsc be included. Suitable starting compounds
containing at least one reactive hydrogen atom
include the polyols set forth as suitable for
preparing the polyhydroxy polyesters and, in

25 addition, water, methanol, ethanol, 1,2,6-
hexanetriol, 1,2,4-butanetriol, trimethylol ethane,
pentaerythritol, mannitol, sorbitol, methyl
glycoside, sucrose, phenol, isononyl phenol,
resorcinol, hydroquinone and 1,1,1- or 1,1,2-

30 tris (hydroxylphenyl)ethane. The polyethers in
according to this invention have molecular weight
between 150 to 8,000, preferably between 200 to
6,000. They have functionality between 1.5 to 8.



i nclude the polyols set forth as suitable for preparing the

pol yhydr oxy polyesters and, in 25 addition, water, nethanol, ethanol,

1, 2, 6- WO ol , 1,2,4 -butanetriol, trimethylol et BFREUSIT06251
pentaerythrltol nannltol, sorbitol, nethyl gl ycosi de, sucrose,

phenol , isononyl phenol , resorcinol, hydroquinone and 1,1,1- or 1,1, 2-
30 tri s(hydroxyl phenyl)ethane. The pol yethers in according to this

i nvention have npggggfgﬁlyebgbﬁeen 1.datgveen 150 to 8,000, preferably
bet ween 200 to %%mm&ye functlonallty between 1.5 to 8

Preferably between 1. %P?Gi ic e dhie PolyuzpEhaness argcthe
pol yur et hanes arQe&b@ion pro@act 4 OFf nar Wy&haeedanaoaypaﬁymand a

pol yol . The anat es SUIt f or_ thi ent i ar e organic
di i socyanat es reBg éﬁféﬂcg§n? 2% 13t &'zor"this"{Abene ol Sre °

R(NCO[err] 5 organimhélﬁsmcyanaﬁés(ﬁﬂpraauntednbyrghalEcgmmh@: havi ng
a nol ecul ar weight of 24 to 2100, pref (ﬂ# 56 to 1000. Preferred

di i socyanates according to 10 this inventi1’dn are those represented by the

above formul a whehereim the R xenresentis, ane prganipgharowp
hydr ocarbon groug Oﬁﬂgnﬂ &.69@&&159 wel it l&wm fo 21000“ gi\éf&iabl

cycl oal i phatic hgﬁrocar gr oup_ havi fig from4 iarbons a

di val ent araliph |E°15°°°hyd?¥ﬁ§9¥ﬁﬁ@gﬂiﬁﬁ?qMQFPﬁgsfPﬁﬁPBd 892@°carbons
Exanpl es of 1phe ahganmvdntsmymtmoymlnapwsented byathecaub@véy sui tabl e

(o7 ne Process SSERITE vhorefh ) FaAbARE X Bl eby Ja ShARCES T one
trimet hyl - 1, 6- hehpdrotgtreon gitrouwdyaviate £xom @- to 25 derhomertayl ene
diisocyanate, 1, 3209dRCo05ETodM{Htic hydrocarbon group having

from 4 to 20 carbons, or a divalent araliphatic

15 hydrocarbon group having from 6 to 20 carbons.
Examples of the organic diisocyanates which are
particularly suitable for the process include
ethylene diisocyanate, 1,4-tetramethylene
diisocyanate, 1,6-hexamethylene diisocyanate, 2,2,4-

20 trimethyl-1,6-hexamethylene diisocyanate, 1,10-
decanemethylene diisocyanate, 1,12-dodecanemethylene
diisocyanate, cyclohexane-l,s-diiaocyanate,
cyclchexane-1,4-diisocyanate, 1, isocyanato-2-

~* isocyanatomethyl cyclopentane, isophorone :

25 diisocyanate, bis-(4-isocyanatocyclohexyl)-methane,
1,3- and/or 1,4-bis-(isocyanatomethyl)-cyclohexane,
big- (4-isocyanato-3-methyl-cyclohexyl) -methane,
a,a,a',a’-tetramethyl, 1,3-and/or 1,4-xylene
diisocyanate,l-isocyanato-1-methyl-4(3)-

30 isocyanatomethyl cyclohexane, 2,4-and/or 2,6-
hexahydrotoluylene diisocyanate, 4,4'-
dicyclohexylmethane diisocyanate, m- and p-
tetramethylxylene diisocyanates, p-xylene



di i socyanat e, - cycl ohexane- 1, 3-di i socyanat e,

cycl ohexane-1, 4-di i socyanate, 1, isocyanato-2- | socyanat onet hyl

cycl opent ane, WP8H#H3% one 25  dii socyanate, PCT/USITN06251 .
bi s- (4-i socyanat ocycl ohexyl ) - net hane, 1, 3- and/or

1, 4- bi s- (i socyanat onet hyl ) - cycl ohexane,

bi s- (4-i socyanat o- 3- net hyl - cycl ohexyl ) - net hane, [err] -tetranethyl,

1, 3-and/ ?r 1tﬁ ryaﬁﬂieoﬁyanaﬂe;spwaﬁgé/ ]JeneSWy&nhtEet hyl4~|4( 3|)
i socyanat one y cycl ohex ar Xa uy ene
di i socyanat e, X]C' §${§% E?Fé%ﬁ 'rérﬁ?ldﬁr’fof{} q:%émd p-

t et ranmet hyl xyl ene4p|4fsatyhmym«ethane/lchhkaocyanate, 2, 4' d| i socyanat e,

h I di I
L fophenylene o1 3554l fecsads, aiisnmb AL dhiyipiNOge, 2 O tol vene
e e sy &«
po ylsocyana es, ita nclud s
% S

t hose descri ove as po ester et hers wel | as
hydr oxyl term nat 8espsihedcaboes, a%rgplyeste:m, PO Y@Fhieﬁ&t'eés

pol ycarbonates. €11 as hyStbkgd |@e1hﬁhéwd pAylavtionéspolaydact ones are
pol ynmeri c products 8f va erate cto e legr capr ol act one havi ng
mol ecul ar wei ght B¥ERe¥RL1bBTM ?ﬂﬁﬁ%ﬁably bet ween 650 and

3,000. 10 Sui tsbiEatherdi'o:tﬂ ng envi fxch treal Wyﬂmbaesaaee 15
reaction products_obtain C ydydric al cohol s
previously set fop?ﬂy‘f‘%?gg éi‘g&%ﬁ% é‘}f O‘gaf#eé%i %toa‘r dxy %m yesters with
phosgene, decapyblaatbneahaving oo iqulsry | weighto hetseen 496l and

carbonates such agg Sbhybféfeféﬁi‘{r%éﬁé@n%@%% 0030 Also suitable are
polyester carbonates Ogultaﬁle hydroxyl terminated polycarbonates are
1s reaction products obtained from reaction of the
polydydric alcohols previously set forth for
preparing the polyhydroxyl polyesters with phosgene,
diaryl carbonates such diphenyl carbonate or cyclic
carbonates such as ethylene or propylene carbonate.
20 Also suitabie are polyester carbonates or polyether
. carbonates obtained by the reaction of lower
- molecular weight oligomer of the above-mentioned
polyesters, polylactones, or polyethers with
. phosgene, diaryl carbgnates or cyclic carbonates.
25 The hydroxyl terminated polycarbonates suitable for
thie invention have molecular weight between 250 to
- 8,000, preferably between 650 and 3,000.
Specific examples of hydroxyl group-containing
polyacrylates are the polymers obtained by
30 polymerization of one or more kinds of unsaturated
hydroxylacrylic monomers (e.g. 2-hydroxyethyl
methacrylate, 2-hydroxypropyl methacrylate, 2-
hydroxyacrylate), unsaturated acrylic acid amide
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carbonat es obtained by the reaction of |ower nmol ecul ar meight
ol i goner of the above nment i oned pol yesters, "pol yl act ones,

pol yet hers w@P743475 hhosgene, diaryl carbonates or cyclic E%PH@W&FE% 25.
The hydroxyl term nated pol ycarbonates suitable for ~ this invention
have nol ecul ar wei ght between 250 to 8,000, preferably between 650 and

3, 000. Speci fic exanpl es of hydroxyl group-containing

pol yacryl at es arﬁoh@ﬁe?ﬁ'YEEéS é%%fﬁéﬁ%héﬂlNJH@thQQBXEEEylahh&Q of one or

nore ki nds of unsaturated droxyl acryli c.nmong

2- hydr oxyet hyl methaﬁﬁy%ggi§¢bté¥ ‘H%B“G%g Fh&E&?Iate 2-

hydr oxyacryl at e) mouaﬁatyr@éegl aﬁwlrc ayid al?ﬁed:hacrylic acid, rnononers
(e.q. acrylanide N—nethylo# 1§§ 1d) netha&g* gnlde% dunsaturated
carboxyl i c acid TtaCORBRRE ¢ A ac AkER AFdaci g,

i taconi c aci 8, canhydrmdacmc&qmematej.rga.t dtamoindc &nhydmiide; i lalebooner s
(e.g. itaconic a ) r gl yci dyl
nononers (e.d. QHX9§#§8e5y| *‘%teéiﬂ%?éﬁﬁyi NOHﬁgg%H g% g acrylic
ester nononers (glyge thyﬁCmElﬁft%uteS ycilﬁnlymethacra'éayie v eaczydiay| hexyl

acryl ate), "EthaEEMLECmBﬁBﬁéréo e . OIS ackvdat@et Rxbuppihacryl ate,
n-1auryl acrylate, 1so I nethacr ate mal ei T, ester

mononers (e.g. dFSEY}P ful %a?’éhl’lcﬂ |aGH y, methacrytici eskerer
mononer s (ea. ChbtibrUNBL gl enethyl whttiderlylaten: Ashurglyr ene and i ts

derivat ves (e O EscrbSAEL EAD Y YRkl BASELL ERE 1o
nethylacrylon|trmbncmerbyKacgyldibutyl(ﬁaknate;hdlethyllmkkeate),
Specific exanpl eg,l r§APOLYLHT RONAEE Sl /Al Fibutyl fumarate,
diethyl fumarate), styrene and its derivatives (e.g.
15 a-methylstyrene, f-chlorostyrene, o-bromostyrene, p-
bromostyrene), nitriles (e.g. acrylonitrile,
methylacrylonitrile, ethylacrylonitrile) and the
like.
Specific examples of copoly(urethane-acrylate)
20 are copolymers prepared as described for component
(c), except between 2 to 50 percent by weight of
component (d) was used as the polyol.
The two component coating compositions
according to this invention are prepared by mixing
25 of the polyisocyanate, component (I), into the
isocyanate reactive agueous solution and/or
dispersion of hydroxyl terminated polymer, component
(II). Mixing of the two components is suitably
carried out by simple stirring or shaking at room
30 temperature without high energy. The quantity of
the polyisocyanate component is selected to provide
an NCO/OH equivalent ratio, based on the isocyanate
groups of component (I), and the hydroxyl groups of

/>



20 are copal yners prepared as described for conponent (c), except
between 2 to 50 Percent by wei ght of conmponent (d) was used as the
5#% two conponent coating conpositions PG A6 to

pol yol .

this invention are prepared by m xing 25 of the polyisocyanate, conponent
(1), into the | socyanate reactive aqueous sol ution and/or

di spersion of hydroxyl term nated polyner, conmponent (rr)y. Mxing of

the two conponentgohsorfett 2, of a%'h'i:' theus- by raeBRhB1Ft Ab6LET OF
shaki ng at room 30 teggerature w t hout ener The quantity of

t he polyi socyanat® ¢ eht |1?E§§ﬁé$P§GSt8%6P6¥P9eacc°rdéﬂ NERy Epfs

equi val ent ratlo,lmmcm Hdvee igoory potl-aife andr epkayovisespoegnss(l), and
t he hydroxyl groups ¢ of conmponent (11), of about 1 to 5,
pref er abl y~ about e than two, ROUTR. i xtures prepared according to this

i nventi on have good p@eforfe polyigvcyanatecesmppneht (I) bderwikedn two

hours. 5 0 1) d into

I socyanate reactive cofr\r'i)%gr}t#&% ?e%%{tﬁ.v% %%ngépﬁ' a(rllizénHi addi tives
typical ly used |ramxm&1agﬁes andeaﬂﬁiﬂiagy t&plbelﬂmcuspdranedoahingthe

i socyanat e [ eaaindFo W {edokpotdtedAhtboth8s 28dydfareadd ! ves

I ncl ude foaminhibitors, evellng al S|on aids for

solid pigments, reac%ﬁNQeﬁRﬂRﬂﬂﬁ“@e‘é&éntsThété“xiliaries aqﬂe
t wo- conponentg coaddm:mmemdlm foam ianepidoRg, t 2eVrBA Sngnaedsi on thus

gg;?gpﬁ?ngfeséﬁvéﬁfUIt Ie‘{or ertual %ﬁthgiﬁ atlonsﬁ%%LYﬁgtsyétens on
substrates are CLBuziadg/anniye agent®saeices of the applications include
the painting The two-component coating compositions
according to this invention thus obtained are
15 suitable for virtually any applications solvent-
containing, solventless, or other aqueous paint and
coating systems on substrates are currently used.
Examples of the applications include the painting
and coating of metal surfaces, the painting and
20 coating of plastic surfaces, the painting, coating,
or sealing of wood and wood based materials such as
particle board, fiber board and paper, the painting,
coating, or sealing of mineral material surfaces
such as lime- and/or cement-bound building material
25 and concrete, and the painting and coating of
bitumen-containing pavements. They are also
suitable for the bonding of various materials
wherein the materials of two surfaces may be the
same of different. |
30 The agqueous coating compositions according to
the present invention may be applied to substrates
using any of the various techniques known in the
art, such as spraying, roll-on, brush-on and so on.
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and coating of nmetal surfaces, the painting and 20 coating of plastic
surfaces, the 8ai nting, coating, or sealing of wood and wood based
materials sRIY47S ~ particle board, fiber board and papePCTUSEARIPht i ng, -
coating, or sealing of mneral material surfaces such as |inme- and/or
cenment - bound building material 25 and concrete, and the painting and
coati ng of bi t unen- cont ai ni ng pavenents. They are al so sui tabl e .
for the bonding | ieals r e terd of two
surfaces may be %‘yaéi&l%aﬁt%?ltg‘llﬁf B}gﬁfﬁggo igvgfﬂﬁe%%aie%’us coating
conposi ti ons acceattRlnptay and otherppuzddiariesnknewn by Hhe Axtied to

substrates _ usi NOriEYifferti®n’as ¢ustheehD1 UBErXFEIiA N Klke is art,
such as spraying, ro]l-on rush- They can al so

on.and so. on. .
contain pi gment 1Y% Sien é‘é’e%es,ll‘“gtegcglfal thesfollpWiRGer auxiliaries
known in thesartexamples in whieh al@npaetsi andupébeentddestaxg asdyin, but is

not intended to be, l.imt by, . the follow n exanples in which all
parts and per cen"(%’g%&t éf‘@dﬁﬁ/ Ot%e%isﬁhﬁpﬁﬁggggdot herw se specified.

EXAMPLE 1 - Preparation of a Coating Containing HD D nmer Plus HD
Trinmer Wth Sol vl _ 0 r | O 0% |ﬁﬁ)si ty HDI
Dimer/HDI Triner PI'E[ s%cyzfnitae etért%s?él P’r‘ikgr EBQEE{@ _@oxﬂia éf

Dimer Plus HDI Trimer With Solvent,
Step 1

10 Preparation of Low Viscosity HDI Dimer/HPI Trimer
Isocyanate Crosslinker
The HDI dimer/HDI trimer isocyanate crosslinker

was prepared by blending: (a) 100 parts of low
viscosity hexamethylene diisocyanate (HDI)} diwmer;

15 (b) 100 parts of HDI trimer; and (c) 35.29 parts of
dipropylene glycol dimethyl ether (commercially
available as PROGLYDE DMM, a product of Dow Chemical
Company) . These materials were stirred for 30
minutes at room temperature.

20 . Step 2

P;egara_t_. ion of the Polyurethane Ionomer and the
Aqueous Dispersion of Polyurethane Resin

To an appropriate sized reaction vessel, namely
a 3-neck round bottom flask, equipped with a
25 stirrer, a temperature control, a condenser, and a
nitrogen purge, the following five ingredients were
charged: (1) polyester polyol in an amount of 110.92
parts (OH equivalent weight=270.75)]1; (2) isophorone

/¥



The HDI dinmer/HDI trimer isocyanate crosslinker was prepared by

bl ending: (a) 100 parts of | ow vi scosity hexanet hyl ene dii socyanate
(HDI) di mer; Wi®97/45415) 100 parts of HDI triner; and (c) 35.29 REIVS97/466251

di propyl ene glycol dinethyl ether (comrercially avai | abl e as PROGLYDE"
DM a product of Dow Chem cal Conmpany). These materials were stirred
for 30 m nutes at room tenperature. 20 Step 2 Preparation of
t he Pol yur et hane P | yur et hane
Resi ai33RqandEs (RFo7) negEr h IO, O L3 quretany
3-neck round bot pamtis;adi) dqmeppzblow)pmpiwc agid r IMPR) tmﬁkature

control . 8 condenigimeadt 43 60 p zﬁéogm AUl o AL YA Drdd v

|ngred|ents wer e ester I'n an anDunt of 110.92
parts (OH eqU|vaJ@WﬁPhMéﬂgﬁﬂ—Em9un )?f {@)°Q§ﬁ§ﬁ%ﬁ T-12
di i socyanate g | PQ'd)lb‘HE'i?'EEh Bﬂlﬁﬁr&‘ﬂ@}méa@élflﬁ 46n an aﬁtﬁ\iﬂﬁ,oi P.10

di met hyl ol propionic acid (DMPA) 1 n an anount of 13.60 parts; (4)
N-met hyl pyrrol | @& (NMP) in an anmount of 30.00 parts; and, (5)
T-12 5 (dibutlytinmmﬁbaweateioﬁamﬁkwﬁteiwasuheamnnntaﬁedrdihnd parts.

NGO peak vas no BAGEALRSSa PRRES the eS| bdan Jife, no AL PR 0
wei ghed into 10 byadR300ABSdpapbseadf csaidkionemer swas a¢¢ iighddrinto
preparatlon 1% JiatP Yook d33pb8hbP¥Sheaker and set aside for

preparation of dispersion as follows.

To neutralize the carboxyl concentration in the
ionomer, 8.78 parte of dimethylethanolamine (DMEA)
was added to a 250mL disposable beaker along with

15 tap water, in an amount of 199.76 parts. This
mixture was manually stirred into solution with a
spoonula. The icnomer was placed under moderate
agitation using a Premier Mill dispersator equipped
with a "hi-vis®" mix head. To this ionomer, the

20 above water/amine golution was charged and dispersed
to provide the desired aqueous dispersion of

1onomer.

_Step 3 .

Preparation and Testing of Two-Component (2K)
25 P rethane-HEDI Dim HDI Trimer coatin

- Crosslinking of the two-component composition
was effected by first adding to an eight ounce glass
bottle the following ingredients: isocyanate
crosslinker (from Step 1 of the present Example) in

30 an amount of 18.17 parts; dispersion of ionomer
(Erom Step 2 of the present Example) in an amount of
66.23 parts; 0Si Specialties, Inc.’s SILWET L-7604
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To neutralize the carboxyl concentration in the | ononmer, 8.78 parts of

di net hyl et hanol am ne ( DVEA) was added to a 250nL di sposabl e beaker
along with YO9454B water, in an amount of 199.76 parts. TRET/USST625Y vt yre
was manually stirred into solution with a spoonul a. The iononer was

pl aced under noderate agitation using a Premer MII| dispersator

equi pped " with a "hi-vis" mx head. To this iononer, the 20 above

wat er/ am ne sol uti @ y@fecid) 49¢ addndufLebECH. 80 pai—@sgr@yi de the desired
aqueous di spersion o i ononer . St eg 3 reparatj on and
Testing of Two- c&ﬁ&ﬁy{ﬁ#ﬁiﬁﬂz«)l% 8 SILYETLnARRS HOFO® ATRERHR) THB ner

coating an Gmmadd dd g 8ef palrest Zaipeepprensd § idimegthyl was
effected by first,_.,addi tﬂ) a ei-gg?} ognc‘e al ass G m@t e follow ng

i ngredi ents: i sdtSPRt ow Pl SPRPARY NP SPRRCY pr2<ht
Exanple) in 80 amounthmfhtlhS3lpartspaand, waserrinoan cdmoumnionef (from

Step 2 of the prﬁ.ﬁlﬁ%?.:_?)?sé:%%d@gda@ye& fbre fiﬁé(?c@édp@ﬁtéhe CSi

Specialties, Inc. aqueous) 1 n an anmount
of 0.80 parts; QG®sultingsmasting.cand bbe' resulierare 7@bve (ImoTakdfeous) in
an anount of 0.80 maydwe, di propylene glycol dinethyl et her (as Dow

Chem cal Conpany's PROGYDE DMM in an 5  anount of 12,53 parts; and, water
in an anount of f2heFoakad; test panels: Were 3R+QWRdERITIRR AF t he

resulting cpmti ngmbieént tempeadithire and BumédiyTébh@itiond £t dwo
The coated test &Egﬁ%sbgfg£%5¥éé@¥%% 8rcg£8e§£ance, mechanical
properties, and chemical resistance. Pencil
hardness was determined according to ASTM D3363-92a.
The conical mandrel bend tests were performed using
15 a one-eight inch tester from BYK-Gardnmer, Inc.
according to ASTM D522-92. Direct and reverse.
impact values were determined according to ASTM
D279%4-92 using a variable height impact tester from
BYK-Gardner, Inc. Gloss was determined using a
20 micro-TRZ2-gloss, multi-angle glossmeter from BYK-
Gardner. Cross-hatch adhesion was determined using
a cross-hatch cutter from BYK-Gardner according to
ASTM D3359-92a. Chemical Resistance was determined
K according to ASTM D1308-87.
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10 anbi ent tenperature and hum dity conditions for two weeks before

testing for appearance, nechanical properties, and chem cal resistance.
Penci | WO 876635 was det er mi ned according to ASTM D3363- 9P@I/USITI063He
coni cal mandrel bend tests were perforned using 15 a one-eight inch tester
from BYK- Gardner, Inc. ~according to ASTM D522-92. Direct and reverse

| npact val ues were determ ned according to ASTM D2794-92 using a
variabl e height inpact tester from g Gardner, Inc. doss was
determned using a 20 mcro-TRZ-gloss, nmulti-angle glossneter from BYK-

Gardner. Cross- [imsicedn®xopertas dResudtned Ghemg PropertycBesultch cutter

f rom BYK- Gar dnery F{éﬁeﬁg{r&i A§TM5D3359cﬁﬁmcﬁ3eﬁns§éTﬁeesstance was
det er m ned accor S%M

t
TABLE 1 Phy fangdred &%}% w1/ 4|'«5és EHSS " ChéAPEpiBpRREST REL (R hour
Thi ckness (g |s)2p° Middo-GlosgsEM CAl . BESIST&&EE]) Mandrel Bend (1/4")

PASS (10% i n wate 1/ hour 5 20[ err] S 84.9
test]) 60 M&T d‘!{?&%' 088 g 3§2. cetué"ﬁg gt PASS®
| npact (direct) ImpddﬁxxdlredﬁodlunlHﬁﬂmoxideSodiEﬂSSydroxidepactPASSverse)

rea sTancE 107 A bl fbverdeT,  «168 0% ﬁ?ﬁ#@"ﬁ%ﬁ’r" ig AERES pagsHVENT

MEK Rub (100 cydn@s-ﬂmh wat ch gPasSs$) SOLVENT RESISTANCE

Xyl ene 0 Max, Peneil Hard. H* 1/2 hour test ﬁﬁ 2kt hyl
Ket one PASg' * Coafing providg "nar-res(stance |n gH Pencil 15
Har dness t ests. MEK Rub {100 cycles) PASS watch glass)

Xylene PASS

Methyl Ethyl Ketone PASS

* Coating provided “mar-resistance” in 2B-9H Pencil
- 15 Hardness tests.

EXAMPLE 2 - Preparation of a Coating Composition
Containing HDI Dimer Plus HDI Trimer With No
Solvent.

Step 1

20 Preparation of 100% Splide HDI Dimer/HDI Trimex

Isocvanate Crosslinker
To an appropriate reaction vessel, namely a 3-

neck round bottom flask equipped with stirring and a
nitrogen purge, the following two ingredients were

25 charged: (1) low viscosity hexamethylene
diisocyanate (EDI)} dimer in an amount of 35.00
parts; (2) HDI trimer in an amount of 35.00 parts.
These materials were stirred for 30 minutes at room
temperature.
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EXAMPLE 2 - Preparation of a Coating Conposition Cont ai ni ng HDI Di ner
Plus HDI Trinmer Wth No Sol vent . Step 1 20 Preparation of 100%
Sol i ds HDI WOAIME4I Tri ner | socyanat e Crosslinker CT/US97 (9624 :
appropriate reaction vessel, nanely a 3- neck round bottom fl ask
equi pped with stirring and a ni trogen purge, the follow ng two

i ngredients were 25 charged: (1) |ow viscosity hexanet hyl ene

di i socyanate ( | mer in an anmount of 35.00 parts; (2) HD triner in
an anount of 35: parts. These materials were stirred for 30 m nutes
at room t enper at ur e. Step 2 Preparation of the

Coating Composi o} 8ration of the @catdbinkbifiobstigsed (e progedure as set
out in ) ng | ngredr ent wel ghts t hat 5 foll ow

I socyanat e crosslinker (see Exanple 1, Step 1) in an anount of 18.40
parts; dlSperSIon (sggbsslinkfggﬂnayaokedStaa procedageaanunetobut6. 23

t .
parts. V\ET 04 ( ovea,qu s%f? 1h3:%81%ﬁ2“€&&18£t9- flat
5 follow: isocyanate crosslinker (see Example 1, Step
1) in an amount of 18.40 parts; dispersion (see

Example 1, Step 2) in an amount of 66.23 parts;
SILWET L-7604 (10% aqueous) in an amount of 0.80
parts; SILWET L-7605 (10% aqueous) in an amount of

10 0.80 parts; dipropylene glycol dimethyl ether (as
PROGLYDE DMM) in an amount of 12.53 parts; and,
water in an amount of 12.40 parts, thus forming the
desired coating composition having physical and
chemical properties as shown in Table 2.

15 ' TABLE 2
Physical Property Result Chem. Property Result
Thickness (mils)  2.65 CHEMICAL RESISTANCE
Mandrel Bend (1/4") PASS (10% in water {1/2 hour
20° Micro-Gloss 85.0 test]))

20 60° Micro-Gloss 81.5 Acetic Acid PASS
Impact (direct) +160 Sodium Hydroxide PASS
Impact (reverse) +160 Hydrochloric Acid PASS
Croegs-Hatch PASS SOLVENT RESISTANCE

- Max. Pencil Hard. >9K¢ (1/2 hour test under 2*

25 MEK Rub (100 cycles) PASS watch glass)

Xylene PASS

Methyl Ethyl Ketone PASS

* Coating provided “mar-resistance” in 2B-9K Pencil
Egrdn.ss tests,
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parts; SILWET L-7605 (10% aqueous) in an anount of 10 0.80 parts;

di propyl ene col dlnethyl et her (as PROGLYDE DVM in an_ano

12. 53 parts; %ﬂ% water in an anount of 12.40 parts, tHﬂ%”P%Vﬁ?%B the -
desired coating conp05|t|on havi ng physi cal and chem cal properties

as shown in Table 2. 15 TABLE 2 Physi cal
Rroperty Result Chem Property Result Thi ckness (mle) 2. 65

CHEM CAL RES|STAN§EMPLE 3 NBD&%@E:Bemdn(&£4£)CE¥€Ehg Compddtttomat er [1/2

hour - 20[err 60 M cro-d oss
81.5  Acetic A &tammg ﬁgﬂ?@“i“ﬁﬁa@i‘“ﬁdﬁg %%i“‘er +160  Sodi um
Hydr oxi de PAS®ith No Sojlent(reverse) +160 Hydrochl oric Acid PASS

Cross- Hat ch PASS SCLVENT RESI STANCE Max. Pencil Hard. >9H*
(1/2 hour test under 2" 25 MEK Rub (100 cycles) PASS watch gl ass)
Xyl ene StepPASS ‘ Met hyl Et hyl
Ket one PASS * Coating provided "mar-resistance"” in 2B-9H Penci
Har dness tests. EXAVMPLE 3 - Preparat|on of a Coating
Conposition 5 repazation of HDI Tximep/Allophanateplsocyanagen No

Sol vent . Sreastinker

The following trimer/allophanate variation was
prepared using the procedure of Example 1, Step 1,
but without solvent:
10 HDI Trimer 35.00 parts
ALLOPHANATE 35.00 parts

Step 2

- Preparation of the Coating Composition

Crosslinking followed the procedure as set cut
15 in Example 1 above, using ingredient weights that
follow: isocyanate crosslinker (see Example 1, Step
1) in an amount of 18.86 parts; dispersion (see
Example 1, Step 2) in an amount of 66.23 parts;
" SILWET L-7604 (10% aqgyeous) in an amount of 0.80
20 parts; SILWET L-7605 (10% agqueous) in an amount of
0.80 parts; dipropylene glycol dimethyl ether (as
. PROGLYDE DMM) in an amount of 12.53 parts; and,
water in an amount of 12.40 parts, thus forming the
desired coating composition.

17



5 Preparation of HDI Trinmer/Al | ophanate Isocyéhafe Cross linker

The follomrng
procedure
Tri mer 35.

Preparati on of the Coating Conposition
t he procedure.

trinmer/allophanate variati on was prepared usin
e 1, Step 1, but without sol vent: Tus97
00 parts ALLOPHANATE 35.00 parts

t he

251D

Ste

p 2

Crosslinking fol | owed

as set out 15 I n Exanpl e 1 above, using ingredient weights

t hat foll mmpmcxanabeegaesﬁiéﬂk@f é%‘%ﬁ‘a &ntlaiﬂ 1) in an
amount of 18. 86 ar gersron see e 1, Step I n an anount
of 66.23 partsAllop aBPEﬁE Be788R (?E@@%ﬁueous) in an anount of 0.80 20

parts; SILWET
di propyl ene gl
12.53 parts;

5

10

L- 7605 (10% aqueous) in an anmount of 0. 80 parts;

gol Q|nethyl et her (as PROGLYDE DWW in an anount of
water in an amount of 12.40 parts, thus form ng the
desired coatlng conposi tion. EXAMPLE 4 - Preparation of a

Coat i ng Cbntai@i&ggrg;igﬁ!B@pfﬂﬁftf&fﬁé@[ﬂfﬁggﬂgﬂigg'Isocxangﬁgeﬂj 1

Crosslinker
The following trimer/allophanate variation was
prepared using the procedure of Example 1, Step 1:
IPDI Trimer 35.00 parts
‘ALLOPHANATE 35.00 parts
DMM 17.50 parts

Step 2
Preparation of the Coating Compogition

Crosslinking followed the procedure as set out

" in Example 1 above, using ingredient weights that

15

20

25

follow: isocyanate crosslinker (see Example 1, Step
1) in an amount. of 22.88 parts; dispersion (see
Example 1, Step 2) in an amount of 66.23 parts;
SILWET L-7604 (10% agqueous) in an amount of 0.80
parts; SILWET L-7605 (10% aqueous) in an amount of
0.80 parts; dipropylene glycol dimethyl ether (as
PROGLYDE DMM) in an amount of 12.53 parts; and,
water in an amount of 12.40 parts, thus forming the
desired coating composition.

While the invention has been described above
with reference to specific embodiments thereof, it
is apparent than many changes, modifications and
variations can be made without departing from the

inventive concept disclosed herein. Accordingly, it

;._GI



Preparation of IPDl Trimer/ A lophanate |socyanate 5 Crossl i nker

The foll ow ng@(rl ner/ al | ophanate vari ati on was prepared using the
procedure of % 1, Step 1: | PDI Tri mer 35. FETHAISFH625] .
ALLOPHANATE 35 00 parts 10 DIVM 17.50 parts St ep
2 Preparation of the Coating Conposition Crossl i nki ng

foll owed the procedure as set out in Exanple 1 above, using ingredient

wei ghts that 15 jgf thgwdeasegygﬁgggcgré)ffl%Mrcﬁﬁﬁ'ﬁ;aml e 1, Step

1) in an anount of _22 arts persion (see nple 1, Step 2) in

an anount of 66. ggdiggﬁ.pgtlons anfl| vexriatizgos thaty, fakle dibhim the anount of

0. 80 ©oparts; aﬁikY‘ETahd@QéaﬁlQ%?QU@P‘@ﬁe 'ibﬁéh@é@waﬁ{s 20 0.80
parts; dipropyl ene glycol dinethyl her DE DVM in an
amount of 12.53 parts; and, water in an armunt of 12 40 parts, thus
formng the desired coati ng conposition. VWil e the invention
has been descri bed above 25 wth reference to specific enbodi nents

t hereof, it i s apparent than many changes, nodifications and
variations can be made w thout departing fromthe i nventive concept

di scl osed herein. Accordingly, it

2/



Is intended to enbrace all such changes, nodifications and variations that
fall within the spirit and broad scope of the appended cl ai ns.

VWHAT | S CLAIWER?/45375 1. A two-conponent aqueous [FdTyuUS9eézsNne .
coating conposition that is curable into a coating exhi biting enhancéd
har dness, gl oss, and solvent 5 resistance, said coating conposition
characterized (I') a polyisocyanate which is dlsperS|bIe

in an aqueousxpol ner. _resin _di spersion, has an average

functionality oﬂﬂgk—ﬂﬁgégﬂéﬂg-aﬁé ‘contains: 10 (A 25%to 95% by

wei ght of a pol yi socyanate adduct selected fromthe group consisting

of cycl odi ners qr all a tes 0 t rinet hyl hexamet hyl ene

di i socyanate, 2- q &%ﬁ % WBPHﬁ%SnéqHF?§8c6 é@#§%%horone 15

di i socyanat e, 1cbamém@amammphénéonithabyéaacexahls into ahaxﬂuhuhylene '

di i socyanat e, i g 5% to 75% by
@iﬂi fﬁ?:eﬂﬂﬁnced gggucf @fﬁ té%n?r%ﬁn

wei ght of anothe I'SOC ana e group 20
consi sting & cyreledﬁtuames @lﬁiél Qpéténgf cgmposition Chaﬁa\%ﬁmzﬁdmnet hyl ene
di i socyanate, ZhZ nethKIhexangthylene d{lsocyanate |ﬁophoroEeI ]
i socyanate. and corBina® PRIVESCCYRREF Sophighqis atepersBRytn tocto a0
by wei ght of anapr agvedusOpodytmer resihaBibpersiboh, tioas SOt Rretsge and,
‘ functionality of at least 2.0 and contains:
10 (A) 25% to 95% by weight of a polyisocyanate
adduct selected from the group consisting of
cyclodimers or allophanates of 3,3,5-
trimethylhexamethylene diisocyanate, 2-
methylhexamethylene diisocyanate, isophorone
15 diisocyanate, 1,4-tetramethylene diisocyanate, 1,6-
hexamethylene diisocyanate, and combinations
thereof, and
{B) 5% to 75% by weight of another
polyisocyanate adduct selected from the group
20 consisting of cyclotrimers or biurets of 3,3,5-
trimethylhexamethylene diisocyanate, 2-
methylhexamethylene diisocyanate, isophorone
diisocyanate, 1,4-tetramethylene diisocyanate, 1,6-
hexamethylene dlisocyanate, and combinations
25 thereof, and,
- (C) 0% to 30% by weight of an organic solvent
that is inert to isocyanate; and,
(II) an isocyanate reactive hydroxyl-
terminated, water dispersable polymer resin having a
30 hydroxyl number of between 10 and 450 (preferably
between 28 and 350),

with the proviso that if component (B) consists

24
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(I'l) an .isocyanate reactive hydroxyl- term nated, water dispersable
pol ymer resin having a 30 hydr oxyl nunber of between 10 and 450

(preferably wo9rdsersween 28 and 350), with the proRGHUSHAE251 {
conponent (B) consists essentially of cyclotrinerized

| sophor one di i socyanate, then conponent (C) is present in an

anount of at |east 10% by wei ght, based upon the wei ght of said 3
coating conposition, - eous pol yur et hane
coati ng conpositFBﬁePﬁ§F1i¥ SgrggF§°Fﬁ§%££9%%§P?% Eraﬂgexhibiting

enhanced har dnessliigbcyapated tbenepemponenty ¢€)s an§§95§BFdiBo§Bing _
conposition charg&bg&hzgg at 1ea9¥:loﬁoﬁ% weighﬁl)baﬂe&ohﬁbﬁoﬁﬁénate whi ch
yner

is dispersible in an ggueous po resin di spersion, has an average
functionality of welohsaof saddafaatingaFagposition. (A) 25%to 95% by
wei ght of a pol yi socyanate adduct selected fromthe group consisting

of - 15 cycl odinerized 1, .4-tetranethyl ene diisocyanate

cycl odi meri z&d 1,6-hefanephﬁ“@ﬁ@°@??§é§§aﬁg?ﬁ?“§,égfyﬁreth?%?ranethyIene

di i socyanate al | gpatdfie compbsition thatatetbyrebtedintocgacaating

al | ophanate, and Qnbination a 0 5%to 75%
by wei ght of anoﬁﬁgﬁbieing 58§%F§8§y§%§?§géaﬂuggogéfe%Pgda?%gE%%he group
consi sting of cydesisitancezecsalidxansthingenempositiani shayarkerized

hexanet hl yene diﬁgqcyanate bi uret, cyclotrinerized i sophorone
dii socyanate, isophorone 25 _diisocyanate biuret, and conbjpations
thereo¥, ando (I) .a polyisocy%nate which gs 3isperggﬁge in

an aqueous polymer resin dispersion, has an average
functionality of at least 2.0 and contains:
() 25% to 95% by weight of a polyisocyanate
adduct selected from the group consisting of
15 cyclodimerized 1,4-tetramethylene diisocyanate,
cyclodimerized 1,6-hexamethylene diisocyanate, 1,4-
tetramethylene diisocyanate allophanate, 1,6-
hexamethylene diisocyanate allophanate, and
combinations thereof, and
20 (B) 5% to 75% by weight of another
polyisocyanate adduct selected from the group
consisting of cyclotrimerized hexamethylene
diisocyanate, hexamethlyene diisocyanate biuret, .
cyclotrimerized isophorone diisocyanaté, isophorone
25 diisocyanate biuret, and combinations thereof, and,
- (C) 0% to 30% by weight of an organic solvent
that is inert to isocyanate; ang,
(II) an isocyanate reactive hydroxyl-
terminated, water dispersable polymer resin having a
30 hydroxyl number of between 10 and 450,
with the proviso that if component (B) consists
essentlally of cyclotrimerized isophorone-

T L



(©O 0%to 30% by weight of an organi c sol vent that is inert to

| socyanate; and, (I'1) an isocyanate reactive hydroxyl -

term nat ed, wamsm spersabl e pol yner resin having a 30 Mva/oszsunber_ _
of between 10 and 450, with the proviso that if component (B)

consi sts essentially of cyclotrinerized isophorone

di i socyanate, then conponent (O is present in an anount of at | east

10% by wei ght, on. .t he f id_coatin nposi ti on. '
3. The conpo&1n4ﬁ¥3 i%QﬁFﬁﬁL%Bﬁﬁ g‘ 88 #ﬁ? gstﬂﬁfs§g5dﬂbdF9|socyanate
adduct of conponﬂwduuuwoisat leastn W0debydwedght|; based | upbmnthe, or a

conbi nati on

| ene diisocyanate.
4. The conpositi¥§11 (qenrn arafgigerlg'gég%wM that the aliphatic
dii socyanate are 1,4- 10 tetranethylene di i socyanate, 1, 6-hexanethyl ene

dii socyanate, and CO@' ”afﬁé’%rdﬂ?ﬂi%‘l%n of claim 1 cﬁar&@@efﬁ@&’sﬁ' on of

claim 3 characterized in t he aean aver age |socyanate

content of S %WQEPQJdd?S’CYer &Gﬁvcﬁe? eompanert o) 145
6. The conposi témmﬁt.‘aifbﬂé oxc hay aquaphaﬁdten or a émm&ﬂon

pol yi socyanat e addi L1 gnal v CONPISy nexabSRRYFONL A FPsodd REENA €5,

uretidi ones or

,D

4. The composition of claim 3 characterized in
that the aliphatic diisocyanate are 1,4-
10 tetramethylene diisocyanate, 1,6-hexamethylene
diisocyanate, and combinations thereof.

5. The composition of claim 3 characterized in
that the adduct has an average isocyanate content of
between 16 to 25, pieferahly between 18 to 23.

is 6. The composition of claim 1 characterized in
that the polyisocyanate additionally contains
isocyanurates, allophanates, uretidiones or biurets
prepared f£rom organic diisocyanates represented by
the formula:

20 o R (NCO),

wherein R represents a divalent aliphatic
hydrocarbon group having from 4 to 25 carbons, a
divalent cycloaliphatic hydrocarbon group having
from 4 to 20 carbons, or a divalent araliphatic
25 hydrocarbon group having from 6 to 20 carbons.

L



prepared fraom.,organi c diisocyanates represented by the fornmula: 20

R(NCO) [ err] wherein R represents a divalent aliphatic

hydr ocar bon group having from4 to 25 carbons, a di val ent

cycl oal i phat i wolvydegear bon group havi ng from4 to 20 car perarssnie2ss -
di val ent araliphatic 25 hydr ocar bon group having from6 to 20 carbons.

7. The conposition of claim5 characterized in that said diisocyanate
is selected fromthe group consi sting of

2,2,4-trinethyl -1, 6-hexanet hyl ene di i socyanat e,

g 4'-dii sogyanat odi cyel,ohexyl E’Bﬁﬁétéﬁt:lloﬁ og%ﬁaﬁutswﬁéﬁé@]ﬁm%ene
i i socyanat e exarne epe dijsocyan i sophor one

di i socyanat e, an&héﬁnﬂnﬁgté32§°F¥§P%€? is BeieCtgg'g§°mﬁFQ§mﬁ¥RP3utlcle
pr epar ed by contaehadgtang of subslparfmuthhlihesamatamgtmﬁnnnslt|on of

claim 1. ai4gplyapile, S8IRP2AI1 S0cPLn el SUIRYC FERLRPLELIGS

t hat sai d organl I'S’selecte CONsI' S |ng of
acet one, netByIaﬁyB 5et@ﬁmethylhexnmhyhrlhv¢ & Emnyannimywknbutyl ket one,

n- nethylpy 8& iamgtﬂ§iQX%f ﬁ%n%é? E! é$55§5“ gcet am de,

n- but yl acet at e, ene propyl ene gl ycol
1 socyanate, and ccmbinatione thereo

8. A coated article prepared by contacting a
substrate with the coating composition of claim 1.

10 S. The éompositibn of claim 1 characterized in
that said organic solvent is selected from the group
consisting of acetone, methylamyl ketone,
methylethyl ketone, methyisobutyl ketone, n-
methylpyrrolidone, Qimethylformamide,

15 dimethylacetamide, n-butylacetate, dipropylene
glycol dimethyl ether, propylene glycol
methylethylacetate, propylene glycol methylether,
Xylene, and combination thereof.

10. The composition of claim 1 characterized

20 in that the hydroxyl-terminated, water dispersable

polymer resin is selected from the group of resins
repregented by the formula:

R, (OH),

wherein R, represents a molety selected from the
25 group consisting of polyester, a polyether, a
polyurethane, a polyacrylate, a copoly(urethane-
acrylate), and combinations thereof.

-
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met hyl et hyl acetate, propyl ene glycol nethylether, xyl ene, and
conbi nati on thereof. 10. The conposition of claiml
characterized 20 in that the hydroxyl-term nated, water dispersable
pol ynmer resiypbiasasd ected fromthe group of resins I epriSedoedeey the
formul a: Rlerr](OHJ[err] wherein
Rlerr] represents a noiety selected fromthe 25 group consi sting of

pol yester, a polyether, a pol yur et hane, a pol yacrylate, a

copol y(urethane- 1lacr yihe EpmpeadtiennPhiaciais ghgpggqqten.zed

11. The conposiy itkatofera aidne%uqaaraéigntzea the hyafokxypt the nol ecul ar

wei ght of the dr gxyl - ter,gi nat e wat er di spersabl g pol yner resin
is bet we W%'SW.’: dispersable ?L?iymﬁerﬁﬁ og?t ion of claim
10 characteri zé&sbtween 150 tand 8t00000! ecul ar wei ght of the hydroxyl -

term nated, water dispersable polyner resin is bet ween 650 and 5, 000.
13. The conposition of claim 10 characterized 10 in that the
functional Bty of thd2hydTheyicompositionnpfiactainnkl eeharagkesized pol yrer
resinis in that the molecular weight of the hydroxyl-

terminated, water digpersable polymer resin is
between 650 and S, 000.

13. The composition of claim 10 characterized
10 in that the functionality of the hydroxyl-
terminated, water dispérsable poiymer resin is
between 1.8 and 8.

14. The composition of claim 10 characterized
in that the functionality of the hydroxyl-
15 terminated, water dispersable polymer resin is
between 2 and 6. '

15. The composition of claim 10 characterized
in that said R, is polyurethane.

s 16. The composition of claim 10 characterized.
20 in that said R, is copoly{urethane-acrylate).

- 17. A process for preparing a coating
composition characterized by contacting component
{(I) and component {II) of said two-component agqueous
polyurethane coating composition of claim 1 to

25 provide a mixture, and admixing said mixture.

A
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between 1.8.and 8. 14. The conposition of claim 10

characterized in that the functionali ty of the &by -( 14 | Fos ﬁx}-g}@ef
term nated, water dispersable polyner re5| n bet ween 2 st J
15. The corrposﬂ?(}i]‘ of cl a| rWOBDD a?gd‘ﬂfORGAl‘ﬂl!mﬂ(t*inat sai NG r] is~ -
pol yur et hane. The cor 05| ron of claim10 characterized 20
i n t hat - BEFERNZTAPNAL | @Péwwlﬂ‘& ot PATENT,COORERATIORS TREAFY (PCT)
prep smu@nmamm c:assaammﬂpos' t ionfch Qﬁpﬁ.@.r.,m,ﬁg PhicstO NAE: N CONPONBIAS475
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coati ng 00 8/30] 25 (O)VinCidationdlPitilicitien Dadad & edeatben [97304.1d.97)
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