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RADI ATI ON- CURABLE PCOLYURETHANE BACKGROUND OF THE
INVENTION 1. Field of the Invention This invention

w@eovensd4sy rel ates to the manufacture of a PCT/US2004/022595

radi ati on-curabl e pol yuret hane such as a pol yur et hane
acrylate oligoner by the reaction of a polyurethane 5
prepolynmer with an acrylic nononer. Radiation curable
pol yur et hanes RaMEAAPPNICIRABDE POLYEIRETHANRL i ngs,
adhesi ves, seal ants and photolithography. 2.
Description of Related Art Radi ati on-curable

pol yur et hanes are well known and can be forned from|
BAOKGROAIND OFErHE DNVENTION yur et hane prepol ynmer and an
acrylic nononer with isocyanatereactive groups such as
hyidgi@sy the Bivedisn.  Acryl ati on of pol yuret hane
prepolyners is widely used in UV-curable technol ogy,

see U. S. frak @r%nm\ﬁ?né}aﬂﬁéla?eg fo th® mhiflfa R oA Fhdiation-curable
6, 316, 105, all of ich are incorporated herein by

o%fu%t%ﬁ @udhrhstalﬁglyﬁreﬁﬁﬁé Jc%tlé/te ofiEbRR bR 8RSeRfion of a polyurethane
pol yur et hane acryl ate ol i'goners include durability,

RERIhE %thrsﬁgagm f@horsde! ﬁgmbnacmbﬁe%gru&e%n@s%aé wucak@n in,

reS|stance lation cure technology,” 1.e., cure

SGkh ReaboRfB%apigS ef ficiency,
Lg{v(%orao BNt a ebene?ﬂt (I'ow OVCI:}H d econony (|l ow or
acceptabl e cost of materials), as is evidenced by the
growi ng application in adhesives and coatings

f%ﬁm;nt&% ?ﬁﬁbﬁgﬁﬂgtlon curabl e fornul ati ons i ncl ude
F e oners, reactive acrylate dlluents 20

phot0|n|t aéors anq)Il |t|ves als u
seconds, VAU b PReerE Rl ot {lom
advant age

Iude reduced, ene consu
st teﬁ?l&@fﬁf??fﬁwf a@.?ﬁ%@%ﬁ%@ﬁ?ﬂﬁmwﬂ i iggyanate-
roomte ture cures cher, "Sz .
T SORP b By TRk, S0P Lot §H8 bropotygers widely
used in UV-curable technology, see U.S. Patent Nos. 4,775,727, 6,171,698 and 6,316,105, all

of which are incorporated herein by reference in their entirety. Advantages of polyurethane
acrylate oligomers include durability, excellent mechanical strength and superior abrasion
resistance.

Radiation cure technology, i.e., cure by UV-light or electron beam, provides
efficiency, environmental benefit (low VOC) and economy (low or acceptable cost of
materials), as is evidenced by the growing application in adhesives and coatings technologies.
Radiation curable formulations include acrylate oligomers, reactive acrylate diluents,
photoinitiators and additives. Materials can cure in seconds, without polluting the air, and

cutting costs. Other advantages include reduced energy consumption, greater productivity,
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Wi | e several ingredients are usually involved in the
radi ation cure formul ations, acrylate oligoner is the

woreos0133s0 | di ng bl ock used to control the finaPCT/UsEd4/022595

properties. It is also usually the |argest vol une
siagiapanpoient haoeriaby amjxoem tSpetdife cmec Mt Szncher, "Szycher's Handbook
applications. Because of the versatile chemstry of
opbdlyutethireah EREAN s A998, p.iGk1)i s possi bl e to produce
oligoners with a wide variety of properties.

Modi f i catwhiltSsecasl ingedierty asuivaby inaslved inalse afliagdnduee s

of isocyanates, polyol backbones, and acrylic
fOFRORABAsSacryibe bgmdrixthé ingjpt balligfblédrarsdins kbane theFinahcured
as varying the chain length, the |evel of

proPEraitd MedsiaRB usiANg tHetifigsst falnge tafsneRaforERbIes 30-60%lin coating
result in coatings with a variety of performnce
appiRhtng€s. Other applications of polyurethane acrylates
include for exanple, abrasion resistant fornulations

for PVC aidafsk 8Pthe Likfe cHom %@Bﬁ)@ﬁélyﬁg&me@é@ﬂ@&' s possible to
varni shes and printing inks e to their excellent

pARD&SI12BmaR QVltfhlaQ%H@{/a{rleEyof p?d’ﬂ)@ﬁleérﬁo&ﬂbitﬁm @anfc@ﬁle #om the
varlety of flexible plastic substrates

PA bfcaha (ﬁYsgcpyaQQ ey, z)gﬁgfbatzkﬂom:s mcgmlcwneﬁ]&@ngmher

er c ol yur ane acrylates offer excellent
méﬁ#% %Sf th Cl%@]%ﬂ esgc!’hga?vagﬁ%(fﬁ%@ﬂqe&qh 91%'1%1 &%nsaturatlon, and
AR MO B g
d;l?eé n%qhec%(tclzoe??)g Xluarl?{gs OCX Ei? S mc'ir%n orﬁwe(n %l a%hagloh resistant

d|| ol uene d| socy anate
%%@pfiﬁé%%%@%ﬁ% o sy ALttt g Pnting inks
diis yana ch as hexanet h e .diisacya
ke et GGy BRERYT ot Far %Yoaa_e/éﬂ%@s R BRGY p Heibl
I SOp hor one I i socyan PDI ) tra
plPStAF se%ra&ﬁ% élggﬂléstweé 88? \S%\Féte( ’Eﬂqmayd p&ﬂrﬁth%m etz ot
q tetranethglene et her coI(éPTNEG
PBBPV@@P%?CW plét Q/féféFHt?H%ﬂtéO‘kS nesy chenipn! 6?55&3616% andjadhegen to
_ ymers and copol yners of ethyl ene oxi de and
dﬁﬁ@ﬂ%ﬂéﬁ@twf well.(EQ PO .
The isocyanate-terminated polyurethane prepolymer conventionally used is
based on the reaction of a molar excess of diisocyanate monomer(s), e.g., aromatic
diisocyanates such as diphenylmethane diisocyanate (MDI), toluene diisocyanate (TDI), or

para-phenylene diisocyanate (PPDI) or aliphatic diisocyanates such as 1,6 hexamethylene

diisocyanate (HDI), dicyclohexylmethane diisocyanate (H;;MDI), isophorone diisocyanate

(IPDI) or trans-1,4-cyclohexane diisocyanate (CHDI), with an organic polyol, e.g.,
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Wi |l e i socyanate-term nated pol yuret hane prepol yners
can be reacted to form acryl at e-endcapped ol i goners

wo evosoeds@t i on curabl e applications, they are POI/ES2004/022595

commonly used wi thout being reacted with an acrylate
paldetiahichglehe Biaér iy o BATME®NpdltsRE polybirBoratd @ polytdpedlactone
are polynerized with a non-acrylate curative and

gicoN abfhopgha@t hopbl9mbelohttsAkhechxiRl anld pRpHRMAEoxide (EO/PO).
el astoners. Such non-acrylate curatives are conmonly

al i phat i cwaieksdcyafatB-terthirfted I@nyﬂﬂéﬂﬂh@%&pmméé edFBdeir€acted to form
di am nes (e.g. nethyl ene-bis-ortho-chloroaniline). The

A8 RatQEndRappRl 8lig e €58 radfatibh@irslild §REYADA, treJRRGARE SorhMonly
form ng the isocyanate-term nated pol yuret hane

REEVRANIBEing RAUEPwIIEST AbAke T BRIELLiSH hEREHPRALE More often,
nmononer, resulting in potential industrial hygiene

tgwgaolyﬁ&%a it Q! bn-a8h falf dufaciN R DRRA ABEGOr, & HRARVALH
I'i socyanat e nononer tO pol yurethane prepolynmers wth

RURAE AL A OB R e 14

80 e B a2 o 48, 202, 01
pol yureth ee us%ro(t:"g gloYa Leeld o%%e%ii%gcq'yfa%jm&%%e?ﬂk f&];ning the

unr eact ed%gl I'SoCyanat € nonhoner | n-preparing
ig(gzlé%ngagegtiterﬂngigzgtgé ]léoq}%}rgt anres ’rﬁ?lgﬁmtep Fegwes ?%Huglrunp egllg(? g{ia’s’ocyanate

an C I'cal”™ perfornanc

achi eved. ., Prepol s fromthose diisocyanate ner,s
QPR s Ry S LB bug R dsshgs, ACEOrREY IO B ben

hygi ene concerns, e.q., TD,. PPDI, HD , and LPD ,, have
S e e Faimey oy b Ry AR i S B prtent
content from such sources as [o} on rp. xenden,
ofvBreretethdisyapae awwamﬁaﬁfﬁ, §8d %rﬁeiﬂmﬂl% g@t g.lohaﬁ%i apd @e? Patent
known that both skin contact and inhal ati on of

Nosi 408%8dvat @ SPd Mo ABP SOt S120B A0 L Sudd: Y AsItss adgyipgeouso have a
signi ficant anmount of attention has been given to the,
robyhssbane prepalyrsayith 8 refpgedicppantof Biercjadelisocyqppig mepemer in

met hods to reduce the unreacted TDI content in ]
perepio pelavrsthanceelastrmrs, dnbatdbester ygisae.inrocessiie caseas) taechanical

U. S. Patent Nos. 3, 248,372; 3, 384,624 and 4, 061, 662. _
pRDformymep il pehie e dyPrepolymers fromethoss diisacyensiegueriomers with the highest

vapor pressures, hence the greatest hygiene concerns, e.g., TDI, PPDI, HDI, and IPDI, have
been offered commercially in reduced unreacted monomer content from such sources as
Crompton Corp., Baxenden, American Cyanamid Company and Air Products.

It is well known that both skin contact and inhalation of diisocyanate
monomers must be avoided. As a result, a significant amount of attention has been given to
the removal of unreacted TDI from prepolymers. Various methods to reduce the unreacted

TDI content in prepolymers are known and disclosed in, for example, U.S. Patent Nos.



nmononer are comercially avail able. Such

i socyanate-term nated prepolyners with a reduced
waeonsem4sof free dii socyanate nononer have beePCRISUN4/022595

for at |east 35 years. However, such prepol yners have

3(0a8, 30,6306 83162 ¥ hadi D1, @2d TR pRgolwint R vatryss #taa 9. 0erekiduan

radi ati on-curabl e pol yurethane acryl ate ol i goners.

nidhbeEQBEhERRAY apiilgBle] ymers wi th an unreduced

content of diisocyanate nononmer have been used for

this pur pogs.isofiebe-thafnattprdBmeaWitknR il QaRem obfee

to now to use prepolyners with a reduced nononer

S Biate mSoREe hAGKE AR G:R1aE 1S yaiy M6wWw&er, such prepolymers
di i Socyanate nononer to its nonvolatile acrylate

s Ml yuedn prJh&lsg Bl&DFed WHR nARSOS fathBddiidrlcurdbe polyurcthane
|

vol atile free i socyanate nononer in the starting

B BROL IR rs RSy Jb%é’d%nzﬁ lp&elab@ﬁueﬁ%{h&n uhl%dﬁc%ﬁ Wbtk Gf
acrylate endcapped ol i gonmer. "However, it has now been

d%%o%,&aﬁé IHQA&/nefr qu}eéﬂ?s'éd thene Ep rﬁos@nThJi‘Pﬁé%\ﬁ%{TFé%B ahyknown

acryl ate-endcapped ol I gorrer en the starting

%;3191‘? YaG th %5 rgﬁ&gﬂa%m}aﬁm hohofr &Ja?enf @ﬂu&mlamn

ree nonomer e acryl ate-endcapped ol'i goner” has

c%m?c’ertg nﬁ frgeacws%)(éfallaqm.{m(?{ﬁe??ooﬂ ﬁ&ﬁvd@tﬂg g?lgé%ddmwfﬂﬂ@%ne

VI SCOSI VISCOSIty Fenmal NS essentl a

10 %ger:] assts?cqt tePWith thglvg{agﬁeq'r%e dlrl%aorg a2 monogg{/ n r%l?: ?artlrll'&prepolymer was

on cura ns are a

e.th ls are fast cu Iom1po||ut|on
%ﬁ%"yl ’W“&ng{m resuﬁé‘lgélary é’ﬁeo?/necapp %d‘i’l "SK- cur abl e
pol yur et hgne acr.yl ate oners are t.he maj or .
conponent@ ‘8?"6{ Hé%aé Py ?)Fﬁ.’l’l LiPrisiRely f?)‘ﬂ’:aq%é ﬁl‘?fﬁ‘éf“ﬁ méovemem n
acryl at es, e nos di ati on curabl e oners, are
RR-Srcrines bSorty Mreh e ST et eapre@aﬁﬁlﬁé& of the
to make the thin fan1appI|c tio P055|gle f.or ep
reiapd Troq RPROMEE &P o T NOASD HEEHARPEE P P%@Sl@fﬂ@canﬂy ower
viscosity of acrylate oligoners, see G  Wbster,

15 vgq@qﬁysqqd)})r(&d@%p%@yls@p g@l p:%rvrxﬁgpsatylrgﬁau&qcessentlally constant

Coati ngs, Inks &Paints,
over a broader range of shear rate.

Radiation-curable compositions are advantageous because the materials are
fast curing, low pollution and low cost. As stated above, radiation-curable polyurethane
acrylate oligomers are one of the major components of these formulations, but polyurethane

20  acrylates, like most radiation curable oligomers, are highly viscous. Diluents are thus
generally required to make the thin film application possible for an end user.

There are various methods of reducing the viscosity of acrylate oligomers, see
G. Webster, Chemistry & Technology of UV & EB Formulation of Coatings, Inks & Paints,

Volume 2, p.259. One method is the addition of an organic solvent, which detracts from the
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Vol une 2, p.259. One nethod is the addition of an
organi ¢ sol vent, which detracts fromthenmany

wa@adwanizages radi ati on curable systens offer. PCT/US2004/022595

Unfortunately, the solvents are a source of
m&hﬁﬂﬁv@ﬁk@%ds Gaddfioh WliaBI8 spfinsCodfer. COMb it g theGolvents are a source of
flammabi lity. Another nmethod is the addition of water

atrspeic hoMutieh atd @R-colthiBite tAflBnrkMilitRl AnctHMAIRAESthe @ddition of
this nethod, such as |ow cost, nonflammbility and

waRP ol tAX fobrh fiMtior OMMBNQIko celthiflaByadfaesStB RS Mktheld, SAENVARNER &S, non-
such as poor conpatibility with the oligoner and high

ARGALbIAfy MBROA-tARl OMoWeRH thde 1@ slictdl iRsvhNtabd iR Yb&Y
e water fromtheé matrix. A further nethod is the

th
c%ﬁ?&iti}iﬁl@wgﬁ tﬂe%ﬁ&&ﬂlé&%ng .higH Q0% Bf %Bﬁrﬁiti@ﬁ %a@iﬁg.{o_ccﬁfficﬂlty in

ylic or net acryllc nononers. ese reactive

ré#tclv' Besw%lefr&ﬂ m%dt@i €A \Mrmar ﬂletihg@ﬁtfﬁe%ddff\ﬂoh Bf fe%tﬁ/lla lrc;]Muents

Incorporate into the structure of the finished fi
B B0 GG K 5P Rch e S 6k Skl R CHBAE g
ne i N el . , B
eOESl Sdrs a“iﬁ?&%lb{ 1?1%0@%{}%e \EI{IIR(F Yh% gt)t(l!lc%rg Xfr‘) tg% ghﬁglﬁedﬁ}lglﬁga [ widely

redctive artici

reaction and.alter .the fin ropert.i f .
orsFT SE PRHE TS M B BHER B BPaflnb R ceprin e =

roperties €. POSiLi thers may n e . - :
ofreBhadn & i BEeREbhh dueo 256 ER-G8beR S putparigpece o
attenpt to . reduce the presence .of react.ed
OB PSRy A5 B ROHGrTSBRE B0 TR BTy SUHaggme of theeffcts on
pr epol yners. ng .the yari ous processes that have
thedap! H@W‘ﬁﬁ@%ﬁ’%ﬁf‘i’% S mpay “Pglbﬁfgé‘“t% e quantity of
unreacted nononeric diisocyanate content in
pr epol yneYa&ioxs Bropseisda e devglopebiliat tmpt 1 Ldlupeyihe pggence of
fil mevaporators, w ped film evaporators, distillation
upisadied ¢jisaeyanajpmoBTRCISQRIER AR PAVEICHMG HRPOREIFSa AN g various
For exanple, U S. Patent No. 4,182,825 discloses a
ppacevsesstbattheve kegndevelaped Bribampts & redyce dhscapantiy ef yoreaciedpy
distilling a prepolyner reaction product under vacuum
neongEti¢ GifFecyauatSconiet synrenqdymes B¢ grogesesdi Siethedethatpse falling
met hod for the renoval of unreacted diisocyanate
filw evaperat@r T Briped filoravppaspotsydisillstidgntedhmijuss, solvenk gxtragiion, and

prepol yner reaction product with a conmpound that boils
natlecalar gayer Bornexemple £aSePateri . 4, h82,826idisclogespairevessop radnes the

amount of diisocyanate (TDI) by distilling a prepolymer reaction product under vacuum
conditions. U.S. Patent No. 4,385,171 discloses a method for the removal of unreacted
diisocyanate monomer (TDI) from prepolymers by codistilling the prepolymer reaction
product with a compound that boils at a temperature greater than the boiling point of the
diisocyanate. U.S. Patent No. 5,703,193 discloses a process for reducing the amount of

residual organic diisocyanate monomer (PPDI) in prepolymers by codistilling the reaction



dii socyanate. U. S. Patent No. 5,703,193 discloses a
process for reducing the anmount of residual organic
waleoosocpamat e nononer (PPDI) in prepol ymers byPCT/US2004/022595
codistilling the reactionproduct in the presence of a
peadubt indliel ppesende of woombieation®6 bweeiners solvantshwith eéheffirst sitert solvent
i nert solvent having a boiling point belowthe boiling
havingt boiling pe ndhel 0y dsitihe poinrud terdiiaggaiadtemseeenand the sdcond
sol vent having a boiling point above the boiling point
ifidrt doh@nchaving @ybanial goifddabenethe bbllifyg péiat Eriie dNSocydnaldrhofimizer.
di scl oses a process for the renoval of unreacted
.9] R NI 4,6610063 ARt Bsds laPRacREsEPIOthy feRfosalldy upRssddtglutlie
prepol yner reaction product through a colum

5 driSsyhatd e E’QJp@lﬁ]h*lla@ﬂ) PhBUBShe PrepdlynRat@BlionYRedidt BERgR 4 éolumn
di scl oses t rennva of unreacted net hyl ene

c@htﬁ&ﬂfgﬁh&@dﬁhar ke RGY anatpatent U)28¥ 577 §iod1yROthe @éﬁﬁdv@pctﬂuﬁféacted
with hexane. O these processes, distillation is a

rﬂé%ﬁ}he&' Yiph- ?ﬁen?pigod%’ﬂa@e) OIDTPHE St ent SARBEAUAIH HRihe.

sol'vent extraction or nol ecul ar sieve adsorption.

There is @@th@&e&o&%ew%ﬁ%%nmﬁu@ﬁm Rt ﬁldtrﬁﬁe @memcm
fromeither (fl'amuabl e) hexane sol vent or nol ecul ar

t§éh‘ﬁ}oﬁnétha &@%%Ex awoﬁmmqécatak le@tdd%}pm‘n ﬁ'hbx%c?w(ﬁ%&ﬁ)

ron1po yur et hane prepol yners,

10 sﬁ,ﬁgéggnﬂg Uififhed W & hoREn@ RIS ¢ amﬁqp@ﬁex%%gmwmo@e@ular

e prepolyner on w thout use

SFI)CVSSS o[{él“ger\]’tCIS ll’{ f%% ﬁfsmaélg{l O?(ﬁllSOé an% mégog‘neq Qh'ngr 8 I%ﬁ“l%l’le

uced un eac I SOCY
descr i

tent that
g}rg:)gynﬁegs §oggn éeergpefrau}r%s muys é g\{ 10 Bli‘egl%nlt gecgglﬁpsol%?nt reactlons in the
. h | at I Br that d
b R FhA ggseivgatszﬁ?@@%vzﬁgte s s e
Ther ef be advant to b
oo, <Of Bt BEderEy SR ORGSRt e
W t hout a the above noted difficulties,
<ﬁ¥ Qﬁahh*aﬁa g?

I raeromer pyt R &leserBere therepmang g fesd %’g‘b@‘\{m tfon-curable

polyurethane acryl ate ollgoners SUMVARY OF THE
QORWENieICYch as a polyurethane acrylate oligomer that 1s made from such a reduced

unreacted diisocyanate prepolymer. Therefore, it would be advantageous to be able to

produce a low-viscosity polyurethane acrylate oligomer without any of the above noted

difficulties, while still maintaining the above stated advantages of polyurethane acrylate
20  oligomers.

SUMMARY OF THE INVENTION

It is an object of the invention to provide a radiation-curable composition of
low viscosity prepared by reacting a polyurethane prepolymer containing a reduced content

of unreacted diisocyanate monomer with an acrylate possessing reactive functionality.



It is an object of the invention to provide a
radi ati on-curabl e conposition of | ow viscosity
w@e@parae by reacting a pol yuret hane prepol ynmePCT/US2004/022595

contai ning a reduced content of unreacted diisocyanate
nonomer wttida gantiautar pbjattef e Sisessintg provaletairydiation-curable
functionality.It is a particular object of the
comipeditiorost 16v0 vise®ity fepared Bydhieadting A-polytu@tiage gropgasdricomBining a
of low viscosity prepared by reacting a pol yurethane
rpdue DL 3tk ofomidadted i@ e wnhte tHoaetlerqeal Btac@fm WistilR@ich)adith an
di i socyanate nononer (e.g. by vacuumdistillation)
a0kyldle fods@SihY hiabRt RRIS@BRYITencabndligast one hydr oxyl
functionality. In keeping with these and ot her objects

s of the inuaRbpirpwith ARECandSHRF OeSESE tRe invention, there is provided a
radi ati on-curabl e pol yuret hane produced by the process
A EIR-GRIBRY AohRiSethahl pfda&ddith Shedrode8RShiclPfnplistssocyanat e
nononmer with at | east one polyol to provide a

pol yur et haNRB{2RPle¥Bhe GRARh{IE ABndHKSAkhLE Rast one polyol to
di i socyanat e nononer; b) renpoving unreacted

pgé,\iiéeo&%@m&tﬁadzw&%et E&l@iﬁiﬂg?lﬁé’dd’eﬁrd?E&?%}ﬁteﬂgﬁﬁﬁle)’;”e r

o provide pol yurethane prepol yner of réeduce

unr eact edy, ké@%ﬁ%ﬁ&%&ﬁg&&%ﬁgggﬁﬁatf %L&Hér’ffro‘r}ggs gfef%/urethane

reacting the po prepol ymer o

o AR LRI RPRIR RSP AD R AGL fom

foregoi ng pol yuret hane may use polyols chosen from
(@P%ggamgster, caprol actone, carbonate, etc. Either

aromatic or _al.i tic dijsocyanates can be used.i,n the
oy ones anDlrtBaR b RS BBt o i rf B R aghsde e
di i socyanate.pononer to the one.or nore pol.yol i.e.,
oL S g B et o R SuBEs Sadl b
fromabout. 2:1 to about 30:1, with a@o t 3.1 tq]about
20: 1 bei néfh%fﬂmWﬂ@alwwwén%%a%& Pal¥g ﬁFOSS‘F from ether, ester,
di i socyanate is used for the purpose._ of favoring thg.

15 ppiofgiong FaBPnat eics Saherasmatic oF Ynhaticdisgyanates can be used in the

structure. The un-reacted diisocyanate will be renoved
PGSy ampeeusrdhe nalyls oiie rolas patioppd the diisocyanate monomer to the one or

more polyols (i.e., the molar ratio of NCO groups to OH groups) can range from about 2:1 to
about 30:1, with about 3:1 to about 20:1 being preferred. The excess amount of diisocyanate
is used for the purpose of favoring the formation of an isocyanate-polyol-isocyanate
20 structure. The un-reacted diisocyanate will be removed by vacuum distillation after the
prepolymer reaction is done, giying the product low free isocyanate prepolymer. These
prepolymers have residual diisocyanate monomer level < 2%. Preferably, they are <0.1%.
Polyurethane acrylate oligomers are made from the reaction of low free

isocyanate prepolymer and acrylate. These oligomers are more regular in structure and have



prepol yner reaction is done, giving the product |ow
free isocyanate prepol yner. These prepol yners have
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viscosity conpared to that of oligoners made fromthe
ofpunuany tolidindt®streducd feSmdamelf didlenBMESpligition Fordugations.
radi ati on curabl e industry the opportunity to

s BRIEFDERCRIPNONORGEERAMRGNt of diluents in
application formul ati ons. BRI EF DESCRI PTI ON OF THE
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prior art radiatlon-curable polyureéthane
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I socyanat et erm’nat ed pr epo Yy rom whi ch unreac
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H PREF |
fies bl ek s

oSl S o’n’gF? hat can be cured
@%@&t@mgﬁ llll)eﬁ"%rlr Of UIIWIIM:nadEAg[?”OﬁE iur abl e
Chel T onct X SRR SAPRg A BT D Aol igh
A S B S
5 cabpasinen By Lo R AR BN By or Gy A eminard

di i socyanat e nononmer by procedures known in the art.
pAb/e@fP@p%@requyqlﬁé and an acTylic monomer containing reactive functionality such as

carboxylic acid, hydroxyl and amine.
The polyurethane prepolymers herein can be obtained by reacting one or more
polyols with a diisocyanate monomer by procedures known in the art. According to the
20  present invention, a polyurethane prepolymer is formed by the reaction of one or more
polyols, e.g., polyethers and/or polyesters, with a large excess of diisocyanate monomer, such
as TDI. Optionally, the reaction of the diisocyanate with the polyol has a solvent added

thereto such as dimethyl adipate and dimethyl phthalate.
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present invention, a polyurethane prepol ynmer is forned
by the reaction of one or nore polyols, e.g.,

w@elogeidasr s and/ or pol yesters, with a | arge exPepsSmD4/022595

di i socyanate nononer, such as TDI. Optionally, the

reacti on 8bthtaliphdiic afdargmaad disvdyhhatéshan polisgdl Shiadlealiisocyanate
sol vent added thereto such as dinethyl adipate and
Horonichydan b2 pahab @.tHoéde dakdcphrate (TDRANG 4adipivayli iethane diisocyanate
di i socyanates can be used. Suitable diisocyanate

m@rﬁemngzlaﬁb diRoZakht&(PPDL), BoliiécWpiBR ysHateSTOYA)) AR methylene
4, 4" -di phenyl nethane diisocyanate (M),

%@i’m ﬂ{lﬁ) détt5eBRne difdtnkte (TOXDIE ;ib%pﬁhrblﬁQﬁM&ﬂ@ﬁaQe
ex

anmet hyl ene dii socyanate (HDI

(mﬁ %ﬁkm&@%aﬂ@]em&%ﬁéwmmﬁl MPhnlixtule$ RO ONne

d||socyanate (I'PDI), dicyclohexy et hane di i socyanat e

(HI2MDI ), sgipgb (ﬂSIon%ISus%m@Ireﬁl(hfre wﬁéhlﬁﬂh&ﬁm%&}{&lﬁm%}@f)olyols
use herein are typlca y hi gh nol ecul ar wei ght polyols

1'n@lﬁJhHg 'bﬂgmot lﬂHltlte@ Q)t F&l&éﬁér? %ofy@sterp QJCM % t?@tr &amﬂ@ | ﬁ()@y%‘éﬁrf)ﬁctones

such for exanple, polycaprol act ones,

156%{&4%%'39%94@%&00%095&%&9?{% QE%@J@VGI@Y&H ng‘from about 100 to

ecul ar "wei"ght ran out 100

élt)%FtOIQQ)OOI &t 1% t%bte(t)l &%tfs‘&ﬂ%&e?ﬁ fjalﬂgfeg%gestt@gl% @'LIIILI' we1%ht?]and

erences ecu ar wel ghts and equi va

q\l/uvraﬁznpbel hts Z\I/I'g Fllq errggerae Ceurjn(?l cu\ﬁ@ I\&%ﬁ-l?s \;lgﬁl gurglkjegggé’r%%e egalvalent

U|va t'sS, respe
I t
%?I%t?.‘%a%gc 6 T BLTSPLP R 4 LR o

about e.inc

BTt e%'laé g Ve B Shoi0 Bty oD R b s et mosggper
about bo t 12,000, can se repar
\Vﬁghw@ﬁgr OShay g s Reufit VRV EPB OO B %BP{}’PZ 000, can
t he pol oIs have mol ecul_ar ~wei ght of abo t 40

Aot usahOPrRATY thﬁ‘ol?rep%vffa?r@.f s’swgﬁtaag o Bie %ﬂ@%{ﬂ pjpols have a
from about 500 to about 4000. The preferred p Yethe
@Bye%apgv%gghé OMOVYWV%pWF @(]Qg)an(épﬁgrprﬁaqayléﬂagnolecu ar weight of from
repr esent ed ﬂé)the general formula HO(RO nH wherein R
Jbouigp04e RRAUEH®Or adi cal , of 2, 3 or 4 carbon atons and

the value of n is such that the pol yet her polyol w ||

have a nuribeprefomsd a@]gether polyols are poly(oxyalkylene) ether polyols

represented by the general formula HO(RO),H wherein R is an alkylene radical, of 2, 3 or 4
carbon atoms and the value of n is such that the polyether polyol will have a number average
molecular weight of at least about 250. These polyalkyleneether polyols are well-known
components of polyurethane products and can be prepared by the polymerization of cyclic
ethers, e.g., alkylene oxides, and glycols, dihydroxyethers, and the like by methods known in
the art. Examples include those polyether polyols available as Terathane PTMEG polyols

from Dupont and Poly G polyols of propylene oxide and ethylene oxide from Arch Chemical.
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nol ecul ar wei ght of at |east about 250. These
pol yal kyl eneet her polyols are well-known conponents of

w@oiogorashane products and can be prepared by REEUS2004/022595

pol yneri zation of cyclic ethers, e.g., alkylene

oxi des, adgfyipylyeites polyiolsyain bexghatiteelfeym tha deattien dfidkmsibycids,
met hods known in the art. Exanples include those
epgolagipictaeid, glotayiol ssbagicao ptlabic asd, Tethatidiasueh B KirGxpoply,aitis/lene
from Dupont and Poly G pol yols of propyl ene oxi de and
gbrebly | @meopyieing elyt olohi -Anehedithclnt-bedanddiaf ankd tpdikg eir@E amounts of
pol yol s can be obtained fromthe reaction of dibasic

uaits @fhigher fynctionalitp swuchas glycergl dtthanéthylolpaipand hay 404o be employed.
phthalic acid, with diols such as, for exanple,
Pelybytérgiobyotyl aycammelciziypavaiabiend igdlyde@lich pbiybistid Famedipalyester
1, 6- hexanediol, and the Iike. Mnor anmounts of units
polfyolif@heCrohpReitand BER idofle:s puslfbs@s p@y oIS 86:aIBagér.
trimet hyl ol propane nay al so be enpl oyed. Pol yester

pol yol s arstyes@npaydli @nlayso ¥ aiab@fb@ catelaébsd d+dgmsied

pol yol s as Fonrez pol yester polyols from Cronpton and

G RMEP bR XciBD | YRl B6ly Rt Rtche b REPBFYIE inclfd0 kMEEE polyols
pol yol s can al so _be nade from caprol act one or

QMBS Z sl ysansahid el 61 afedlidodis@tl £ arcdsilable, e.0.. as Desmophen
polycaproractone-based polyols include the TONE

. l. :
2926]5%/1%115 Bfa{]é?.”b't-RYVsupBﬁéry 6RJiRANG, ferRR 1%02%0%13 %ﬁ%h@g}%ﬂ%b%nd Ube

useful and are available, e.g., as

(}_‘aﬁegm %Ya%rei' hggot?%rg%n; ot lga ﬁlglﬁfjgﬁéo%{f%du%d f{]%{nj gﬁthcﬂ%ﬂé‘;, available as

i ncl'ude Da apa Ita

PEIXI%(P&@H& %Qﬁorgé}!a?{g E?asblr}%ngg?@c@ggé%cﬁ) ﬁg@ﬁﬁ%e)g rl;%{fgrggﬁi CPolyols of the

ut adi ene, avai e as rom

01(1}}%6%? ver(t{og %cﬁ?fé %H# tegr gt%plm%e%es !giy(ré;%)lf &lflrﬁééi}%?ld%%gch%c%n%s,

e current rnvention’ i nc etr

S bl A B SR Tl oo BRR BRG & Vea 7 om adi pi

oc1 S TOERhHS] e BOFuATEAR i B bR B

B B o B BB L o
is\é\tﬁ%/grgfe’rrgglog%glps | tv&?g!}}lgmﬁly(i)ltp E?igb%ﬂﬁ)igh%gg)gvg{gEl’reee}tllgy){eln%réleyco],
dltet%ty[e%g tglt;/%:/(l)l,e t?igthgl|61¥ecggc,)ll}/éol,%t?are)%lyleelr;ee glg(l:o ,Cpcgcl)p’yle?lie glrych)lY(lligrrg)}eaylene
glycol, tripropylene glycol, neopentyl glycol, 1,3-butanediol, 1,4-butanediol, and the like. In
general, the weight of the low molecular weight polyol should be no more than 20% of the
combination of high molecular weight polyol and low molecular weight polyol. The preferred
range is 0 to 15% of the combination; more preferred is 0-8%.

When forming the polyurethane prepolymer, a mole ratio ordinarily ranging

from about 2:1 to about 30:1 diisocyanate/polyol and preferably about 3:1 to about 20:1
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gl ycol, tripropylene glycol, neopentyl glycol,
1, 3-butanediol, 1,4-butanediol, and the like. In
w@enwsned4s50 t he wei ght of the | ow nol ecul ar wei ghtT/psiogeb22595

shoul d be no nore than 20% of the conbi nation of high
dugdcyenatedpoly iigrheonpodnded. Thetkatteow istybeelly @urriedeiugdtta reaction
pol yol. The preferred range is 0 to 15% of the
teopdratniztrargmg fnom ebqut £§°€rte eltbut $200€ 8 Prefartidy) thexeadting istdagried out
pol yur et hane prepolyner, a nole ratio ordinarily
by amagintaiginfzrtienneadtionrtenBetatiroatabouts0 30atbut 110°C with agitation.
di i socyanat e/ pol yol and preferably about 3:1 to about
20: 1di i so¥ihandteptqgiatedaholé mtiveaasmpadedo pdihd afded, ithn
is typically carried out at a reaction tenperature

5 pobngitinge prepolymbodah bb ODIowiviscadiguind PGy cBinpifises 8k luyethane-linked
the reaction is carried out by maintaining the
ad@at bf diftoty@nRepallbltdisadyaiOdttuc R (PmadRtin 0B Wistrlicture,
agitation. \Wen the preferred nole ratios of
WIRECK ABRI® diiSodyMayelind W ®nbis€&lpol}IE Mighdt iR Reight adducts
prepol yner can be of l[ow viscosity and prinmarily

COMEAREgIRS of ﬁ%rdﬂo%hﬂa@%néé Rk EFicatldeGtdefable due to increased viscosity.
di i socyanat e-pol yol -di i socyanate structure (ternmed

herei n asTRNNABAS tsMEstith Sadi DR L Erable HEHREREne that has a
dii socyanate and B denotes a polyol). gher nol ecul ar

10 svg%if&%ﬂﬁ‘é&'&%& §1sgtgﬂ§ §§ &) grefl Y@ﬁ@l‘étlm{u?abﬁ)eoé 3 dMs%He?eSthe

are typically less desi to i ncrea

u\ﬂeﬁ&@& hl‘is\écya-lrzgt@ moﬂéﬁﬁé}% 28 ¢ rﬁoc\}é!i 63 tHe ﬁolgurethane prepolymer prior to

radi ation-curabl e po yuret ane t

r(?dcgﬁ%{h:e gﬁe%é%r g gllrI i qc 11 %Qé‘tééuyT Sv1gc%?ﬁﬁgﬁﬁle ra(%attlon dcurable

e CO[Tp I ons ere € unreac

pg XU%M?H&ES cgp&ﬂgﬁeﬁorh §1b(ﬂ|?god t%qgou?%(gdo CHS gthaﬁc%ut 50°C. and

ur et hane Ior to reéact
| tant T t
P? R b Qeﬁbzé‘gt%*b (e 9%%3?%9{%5%3?%%&8%““ the
00 t bout t about 500C
s gl ys%%?@ﬁ vrﬁ?%ﬁ%l%% Bt N30 e HRS e snBh o s Measured. A

noner, .t he pal yol

45 9%%%%@%2@% i o/ e o 1 e faéﬂ‘ﬁélPafPﬁfaé‘O'éPfa fina

h vi 003|t sured. A dllsocyanate
@ﬂlﬁaﬁ 5 Gmoky! 0? &a%ﬁ?usa%mte @oaow e 5@&0%@9&@ feprg 70%
ornatlon of a final prepol after renoval of free
of Fheé]bf'@fﬁé‘ﬁ%ltl\g:%%‘ﬁ’éf‘)r T RSt St PEfETaBly & leas S0%gtghe

theoretical NCO content for a pure ABA structure.

20 If polyol B has a functionality of 2, then each ABA and ABABA adduct has
two unreacted NCO groups, one on each of the terminal A moieties. The internal A moiety
in the ABABA adduct has no remaining unreacted NCO group. Therefore, the ABABA
adduct has a lower NCO content than the ABA adduct. Accordingly, in a polyurethane

prepolymer substantially free of unreacted A, the relative content of ABA to higher molecular
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of the theoretical NCO content for a pure ABA
structure and preferably at | east 80% of the

wo bmsoedscal NCO content for a pure ABA structBPCBUSI004/022595

polyol B has a functionality of 2, then each ABA and
waRABAddudd uai bddeserinied b (e AT @ corNGOo Othe thidSure OB§ emplogigh large
of the terminal A noieties. The internal A nbiety in

nid1&r ABABAS difdoiahathaser Polyslefoahation @ f landeedaice d BMEA Bmiitihized.
Theref ore, the ABABA adduct has a | ower NCO cont ent

Aaniidsaet ABAdaedusial pAGEItating 8 hymbdrAvétagGhiedu@l RaRAt of 1000
prepol yner substantially free of unreacted A, the

ah@ HUT i Eing @ HoR1a Ok i SIRAS 1 68 WilIGH&Vidd M LB hddEh8 Mg a molecular
adducts can be determ ned by the NCO content of the

Waigt: 46 $-106+188P130%1 B AdL@WIR1dHRVAIWENCOS8d Bloups, each being 42
di 1 socyanate over polyol, formation of large adduct

ARABA ThEs, HeNdD 26ifent ASuRbe lztziz%i%ats Iwﬁfor e A QAL LA
pol yol having a nunber average nol ecul ar wei ght of

%QQ]@QQAEQB@QMC&% }%S@il%é‘h@fecﬁqﬁ v%{}%ht of 25b§ %&Ilwhue an NCO

provi'de an ABA adduct having a ar wei ght

1 t
cé?%u%@%i@ﬁ%é?% Eﬁa@fé&zﬁﬁ’%’a@W%O%%%fcomé%? o
%ﬁwﬁgag 2(42)/ 1336=6.3% for the ABA structure.
an ABABA structure posseSS|ng a nol ecul ar
ght of

2( 42) / 250£§e§‘19(§g(§on%t O?glp p{)]lgmerc " eor et n?eél AP Koy titration
B e Bt pedd B.’?‘Sﬁ@@gf\ F%QE?J b5 TiBon 1t rati on.
by 'E?f"?e SO e PR T e Aot B il g preSen
iRGRba foogny s a(ﬁrﬁaéﬁsgﬁm%ﬁ?gﬂggtahﬂrﬁ%ﬁe’gﬁiﬂﬁ%@%ﬁmr most o

nononer ar, s tantially all of which .
FEOval TR GRS TR BT e ARy mer with te

with the acgyllc nononer. Such renoval of unreacted .

aqnilis sropamer SUupbBINR! of Hpretsied diisenypRatepoRomFs gan be readily gghieved,

distillation. Distillation equipnent that can be
,fl:'y(ﬂl%lﬂﬁql(gp dﬁbgrlgf@aeompng@@bat\;‘a% bqﬂ/‘%ﬁﬁmently operated at deep vacuum,

moderate temperature, and short residence time is advantageously used in the distillation
operation. For example, one can use an agitated film distillation system commercialized by
such sources as Pope Scientific, Inc.; Artisan Industries, Inc.; Canzler GmbH & Co.;
Pfaudler-U.S., Inc.; InCon Technologies, L.L.C.; Luwa Corp.; UIC Inc.; or Buss-SMS GmbH
for this purpose. Continuous units with internal condensers that can be combined in series
are preferred because they can reach lower operating vacuums of from about 0.001 to about 1

Torr. Preferably, the system is a wiped film vacuum distillation process.
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noderate tenperature, and short residence tine is

advant ageously used in the distillation operation. For
wex@apias0 one can use an agitated filmdistillBtT/O82004/022595

system commerci al i zed by such sources as Pope

Sci ent i f i Gpreddiel. diisdyhhasamoonth 8An el &ipptdifiomn tKeapvtju@dthane

GrbH & Co.; Pfaudler-U. S., Inc.; 1nCon Technol ogi es,

plepblyfaet atlalptéss€se bPfrom bt D01 to BOUBOSTHSNG aaidpé@fure ranging

this purpose. Continuous units with internal

A EROSENS td dtdtt ZBPC had pRIRAUICS al pResS@E bEFormaBout 0.01 to about 0. 1

preferred because they can reach | ower operating

TR BEBwahd bt 08MmphaMte 37 -OMabb@ 180€Uo abotkQ66°C or below. The
Preferably, the systemis a w ped fil mvacuum

5 iflp&tantd SrhiRMiPhe GRA SentfRELAE H@adﬂhbrﬁ&%%&&lﬁngpﬁﬁmers is

can be stripped fromthe pol yure thane "prepol yner at a

dRLRB&Hh B REh PAOMNLOYE1 D DQich %c@ﬁ%ﬁds@atﬁ%ﬁat%ﬂ@e bndRcted
tenmperature rangi ng from about 800C to about 20

uﬂ&@ vQJu%fneJilﬁPArVev%oern}értm\’Jt&e gﬁefé‘réﬂi’y”h%P His<8: QJlS tP‘Rtent No.

about 0 Torr or below and at a tenperature of from

4aR0\b s Q00 ‘t}% LQPQ{L@Vaéo@ éé%getkiﬁh ‘PéturH‘@f 1;69%6‘@1%? P

mn|m2|ng |ghtenpe atur egraalon

pg&%t KHHeR U‘%”? AR 3eS 'igﬂ? 183 et nﬂﬁ%@%ﬂ@ﬁ%t {epwglrah)tré §120°C.

10 distillat ft IS eg)lreabfe(m% ep%(rjatllé? gF %{;Otr'i@ 8% dmllia.}lg&eqlu)rgent the

evapor at ive
es t he POr at Lve
Cf%fféaae{ tWﬁfa&f%?“ e %ﬁﬂati %@dbaé% @55% cIgy X*b S e
tet%‘llrgt 'ﬁl,e é:mla\(?:nieé 6618 alslo eicg (?8 é?)? g‘lc{eﬁg\/t conﬂense substantially all
ration of agitated filmdi Stlt{ratl
B R R AP OT S ST PR P e ST P eg ey Below i
about. 1000C bel ow t he evaporative tenperature. The
b nser nmust al so be cold enough to efficiently
condense subst antially all free diisocyanate vapor. A
15 condenser!fthsfpromppesd %ﬁﬂppﬁl%&ﬁ?ﬁ%m@mar%@sweda%u?s‘%m or
below is preferred. If the reconmended strip
(ereprdyerd el wpisalbroatairelgss thanabow 2 ipeveightep 8?%@1& ynrgaqigd)
typically contain | ess than about 2% by wei ght of free
d(lpoc§anatqmlpr@a@f,@@?)ferably less than about 0.5% by welght of free diisocyanate
monomer and more preferably less than about 0.1% by weight of free diisocyanate monomer.
If desired, the stripped diisocyanate monomer can be used to produce more prepolymer.
20  Generally, the resulting polyurethane prepolymers will have low viscosity, low unreacted
diisocyanate monomer content and high NCO content (preferably 80% or more of the
theoretical NCO content for the ABA structure).

The polyurethane prepolymer containing low free diisocyanate monomer is

thereafter reacted with an acrylic monomer possessing at least one reactive functionality,
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di i socyanate nononer, preferably |l ess than about 0.5%
by wei ght of free diisocyanate nononmer and nore

weemberall y | ess than about 0. 1% by wei ght of FCEBES2004/022595

di i socyanate nononer. If desired, the stripped

saih as gerpaxydic ecidgnoe) ocladrdigl anged amme grang(st eSuible acrylic

prepol yner. Generally, the resulting pol yurethane
nEmemetsymiuds wiiyl tarbaxyBc dady, mirgeasidt methhawicumide aainedikyl

di i socyanate nononmer content and hi gh NCO cont ent

afytagds eanaibd yikBiGfReticrytmése hpfrodyhikyt e Qdte, hyiadxyN&) aehdceylhtes and
for the ABA structure). The pol yuret hane prepol yner

h§ ook il ARy ab G itdsIs@h dihly SoLyetyRhayInR ISR yéthyl tnis@ia@Bidter
reacted with an acrylic nonomer possessing at | east

hodexyRasldcweaté, gaiok @iepyil imetHRbG At By dtelyB XN Mbiyated @hdlthe like, and

group(s) or hydroxyl and/or amne group(s). Suitable

nAi&Huyds tikerd R NAYEE By fuRGlouaiay VW p¥kr&Rr boxyl i c aci ds,
acrylic acid, nethacrylic acid, amno alKkyl acrylates

am no al kyl, F@&lhmﬁé’ 1eRdtRA of ¥ @Jv@ﬁé(@(!l fe¥dyaRiE HbRSRS polyurethane
hydr oxyal kyl net hacryl ates and

%b@lfy%y @hik Yﬂeaalcgfxéﬁ{o}{&ﬁéreﬁe Ul%eﬁﬁné}*%o%&gg%hcapped with

acryl ate, hydroxyet hyl net?acry [ at e,

gﬁgﬁgr oXy ﬁlgggtlh%gﬁl luﬁ‘staﬁrratgﬁd @%ﬁg&&my, {ﬁ@treni%%rﬁﬂngﬂ&ahty, e.g.,

acryl ate and m xtures

&es u ng t WC%IQWonoHl@F&Ito%] aL&bYﬁ NéOQ%ﬁEIﬁr E‘ﬁg &:QEre‘alane

h'e reaction ow free dirls nat
pgg)ngr%%g 15%-) n¥ é‘l)rog{ it r e aoﬁg P& ){ qg(i Pr\é\%e'fa%l)l 12(‘)?1% %19 bg é to atiol'l%t
é)olgglfhg%eg %eg't&‘r% r(])?trtlns re c#:ce)lgl E:an rgl}ng%% il g>n atloirb )t/o aboutg90°C and

f t nononer to t he avail abl e NCO
‘%%ﬁ? ﬁﬂgngWé%g%%wabiﬁane prepol yner is from about -
0.9:1 to about 1 and ef er fromabout 1.05:1
to_about GPiEgEL: R S AU debpodien e g ?ﬁ‘kan
BB Bl bSO A B e
inhi bitors of free.radical reactions such

MRIORGS Y {5k BylsexyE Bypctinmalipiabalerd of AdPRR IS 8K Viieht prged on the

pol yur et hane prepol yner and the acrylic
entire’amount of the reaction mixture. One or more catalysts such as dibutyltin dilaurate can

optionally be added, e.g., up to about 3% by weight of the reaction mixture.

In addition, the polyurethane of the present invention displays the property of
having a high Newtonian plateau. Examples (1-8) are illustrative of the radiation-curable
polyurethane of the invention and Comparative Examples I-VII are illustrative of the prior
art, 1.e., where unreacted diisocyanate monomer is not removed from the polyurethane
prepolymer prior to reacting the latter with acrylic monomer to form radiation-curable

polyurethane.
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nmononmer with hydroxyl functionality at a |level of 50
ppmto 1% by wei ght based on the entire anount of the

WO e@shHinm m xture. One or nore catal ysts such BST/US2004/022595
dlbutyltln dil aurate can optionally be added, e.g., up
to about 346 Blowisghbrepiptions ererusetinitsrexainglesir e. | n
addi ti on, the pol yur et hane of the present invention
di spl ays {Th& pelaprerdijocynatravi ng a hi gh Newt oni an
pl at eau. FRHLDighendmedrage iidooysnatat i ve of the
radi at i onlEMHblLewdeydi-Birheme nethahhéiisocpaestie i on and
Conpar at i VEDExaxRingkn¢ dildoeyaeate | | ustrative of the prior
art, i.e. HDihébeHexamethgleradidbéysmtyanat e nononer i s not
removed f POEMBCEIOS0MMW etOhbgimolmeepiodly Felytepamethylee ether glycol
reacting the latter with acrylic nonoRmnctighafigr2m)
radi at i onPBUAZL2MH0pBblyestetofi Butened ot hdxahddioM(4190/60 mole ratio)
abbr evi at i onsd adipicusi@qFuinatisradty>@mpVies an MW of J00bgarenominal.
di i socyanaifa: NDHydréxyethyDagpyieey| net hane dii socyanate
LFMDI :  LoWEMee24ydioxdtphertyHacyBitdhane dii socyanate
PPDI : p-Phenyl ene diisocyanate HDI: 1, 6- Hexanet hyl ene
di i socyanate PTMEG | OOO MW = 1000Qg/ nol noni nal .
Pol yt et ranmet hyl ene et her gkys@wig(Functionality 2.0)
PBHAG 2000: Pol yester of butanedi ol / hexanedi ol (at

40/ 60 ol @hik dkdniple ASkrRALItRI feRfdtitn 6F #ﬁ@fah&ﬂéﬂréﬁlé’ pca%ltgéthane
havi ng an MW of 2000g/ nol nom nal . 2- Hydr oxye

RENME @l‘i@n{éEM%% RERNHE Quy&tiibly) Fel *T'EP r¥ﬁ@§rﬁerWﬁE@i polyol in

This exanple illustrates the preparation
dedstiAlck Qith Qi iARhGoROl Yur et hane

A polyurethane prepolymer was prepared by charging first 562 parts TDI, then
1000 parts PTMEG 1000 (930 MW) to a batch reaction flask equipped with a nitrogen
sweep, an agitator, a thermometer, a heating mantle and a vacuum source. The molar ratio of
TDI to PTMEG (hence the equivalent ratio of NCO groups to OH groups) was 3:1. The
reaction mixture was heated for 6 hours at 60°C under a vacuum of 1-10 Torr during the last
hour to remove entrained gases.

The crude reaction mixture was then processed through a wiped film
evaporator to remove unreacted TDI monomer; vacuum was 0.04 Torr or less; jacket
temperature was 120°C. and condenser temperature was 5°C.

The stripped polyurethane prepolymer contained less than 0.1% free TDI, and
had an NCO content of 6.10%. This is 93% of the theoretical value of 6.58% for prepolymer

of pure TDI-PTMEG-TDI structure (1278 MW when PTMEG is 930 MW).
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acryl ate oligoner using HEA and reduced (low) free TDI
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for 6 hours at 60Q0C under a vacuum of 1-10 Torr during
pbR§ ah aMibiRO BT frdeGadiCINRM4E @B A D 3SLIiBAFIBE dildRge,GrodfdByst for
reaction m xture was then processed through a w ped

ufeifait RARGIMALee thed AN Ve %Em&ﬂlrér Whs HERIR@ R fat least 2 hours at
vacuum was 0.04 Torr or |ess; jacket tenperature was

382001 (RN NEUNIENIERTthdn TR hAddirRindd By Bfratioh8d BepeARFINCO
pol yur et hane prepol yner contained less than 0. 1% free

dikibpeaBEn BRF TR sPERIAOThEREcoRity &5 tHD 1B bBgdnfer R3Ym@Esured by a

the theoretical value of 6.58% for prepolyner of pure

RYTEHVEG R SRR UERLRAZ0 WY uhen PTVES | s 030

e stripped pol yurethane prepolynmer (1000 parts)
was charged to a batch reaction flask equipped with a
dry air purge, an agitator, a thernoneter and a

heating mantle foll Wi by of 177 parts

of 2-hydroxyet hyl a@ A%A.TW-E :i\_/lﬂ@ enol (208 ppm,
G butyl i g Pl E ARt b RA G b6 laiBon-curabie
formation r then’add d. Th eaction m xture. was
PRGNS 257 41F Ofieoplyt Moipice s ghsben i " hine o Regyinate-
tV\qS Ite S% th%gl 0. 1%as rg eng\‘l E%d b tteiut rattieé)ngii andangtlge
BEAR SN i”%ﬁ‘ﬁﬁ%&?? t&h l'ﬁ P RIS OEPF S?ﬁ%

Vi scosi 0 acryl ate i gomer was ure a
Rt F e SHEAds B B ot BRecrenap LTanRERmer i

COVPARATI VE EXAMPLE |
PTMEG polyol.

A polyurethane prepolymer was prepared by charging 374 parts TDI, then
1000 parts PTMEG 1000 (930 MW) to a batch reaction flask equipped with a nitrogen
sweep, an agitator, a thermometer, a heating mantle and a vacuum source. The molar ratio of
TDI to PTMEG (hence the equivalent ratio of NCO groups to OH groups) was 2:1. The
reaction mixture was heated for 6 hours at 60°C and with a vacuum of 1-10 Torr during the
last hour .to remove entrained gases.

The foregoing prepolymer was combined with 250 parts of hydroxyethyl
acrylate, followed by 200 ppm 4-methoxyphenol and 0.5% dibutyltin dilaurate. The reaction

mixture was heated for at least 2 hours at 80°C until the % NCO was less than 0.1% as
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This conparative exanple illustrates the preparation
of a radiation-curable polyurethane acrylate oligomer
WO moaocasdance with the prior art, i.e., USiNgPEIUS2004/022595
I socyanat et er mi nat ed pol yur et hane prepol ynmer from
defamaihedign@ratibn binithel peak @€ NED dsappaaeddanabet TIBIspe@tum. SThe
renoved. HEA is used to acrylate the conventional TDI
vBE&9 oy the acrylate b1 iBdNEGy 3ahaalred By PBloykificdd hisduneter at various
prepol ynmer was prepared by charging 374 parts TDI,
tdoefatd®)0 parts PTMEG 1000 (930 MW to a batch
reaction flask equipped with a nitrogen sweep, an
agitator, a thernoneter, a heating mantle and a vacuum
source. The nolar ratio of TDI to PTMEG (hence the
5 equi val ent ratio of NCO groumprge OH groups) was 2: 1.
The reaction mxture was heated for 6 hours at 600C

and with Phiy @:&Hﬁﬁm 1ﬁfxstr11fe§-91€-£?kr Erag('a‘rf Mrég'a(ilgtﬁ)nl-c%?c{blm%rurétﬁhne
renove entrai ned gases. fpor egoi ng prepol yner

19 E‘ﬂﬁg aPM bl f?e%qm$Eép§lygfer e [’@M‘E@ Iml’)l'ol ﬂpafc&ln@ﬁrﬁ;e with the

[ owed by 200 ppm 4-nmét hoxyphenol "and

nﬂJeQﬁ‘erl tin dilaurate. The reacti on m xt ure vvas heat ed

gr at least 2 hours at 8Q0C until the % NCO was | ess

0. 1% ' ' .
NGO i saps o Siyat gt das bRk eALPORANEGRENMS ks TpL then
10 lb&? a%rPMC? %&JOI (9?6%"\&/)"\@% b%ﬁfe%t%Qfﬂ u EE@% th_ﬁ!ngrogen

oneter varil ous ‘tenperatures
LTI R I ———
e PrGER @4%%% pt S THSTASh sl 4805 e
G oK g PGB % Bk 2RI Saran e e
la?st lr1](|)utr rtoor%renr(])ve entrained gases.

15 The crude reaction mixture was then processed through a wiped film
evaporator to remove unreacted TDI monomer; the vacuum was 0.04 Torr or less; the jacket
temperature was 120°C and the condenser temperature was 5°C.

The stripped polyurethane prepolymer contained less than 0.1% free TDI, and
had an NCO content of 6.10%. This is 93% of the theoretical value of 6.58% for prepolymer

20  of pure TDI-PTMEG-TDI structure (1278 MW when PTMEG is 930 MW).

The stripped polyurethane prepolymer (1000 parts) was charged to a batch
reaction flask equipped with dry air purge, an agitator, a thermometer, and a heating mantle

followed by the addition of 198 parts of 2-hydroxyethyl methacrylate. 4-Methoxyphenol

(200 ppm), an inhibitor of free radical reactions, and 0.5% dibutyltin dilaurate, a catalyst for
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sweep, an agitator, a thernoneter, a heating mantle
and a vacuum source. The nolar ratio of TDI to PTMEG
W@ b@soedshe equi val ent rati o of NCO groups to EBEH/US2004/022595
groups) was 3:1. The reaction mxture was heated for 6
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filmevaporator to renove unreacted TDI nononer; the
diMéaspdaradl viathe T TOR speotiim OThd Es®sityl dTehg aBHAE oligdifeevas meBured by a
was 1200C and t he condenser tenperature was 5C. The
BsddkiiPIR S thc bt eidvan enfpeRésy mer cont ai ned | ess than
0.1%free TDI, and had an NCO content of 6.10% This
Is 93% of the theoretical value of 6.58%for
prepol yner of pure TDI - PTMEG TDI structure (1278 MV

when PTMEG i s 930 MOMPARARTBIE ERAGEP1FON Yur et hane
prepol yner (1000 parts) was charged to a batch

reaction fyiasinRrdl PPN 1t15btrgfe¥th@'pfep9ﬂdﬁ&?of r@dlation-curable
agitator, a thernoneter, and heating mantl e fol | owed

p%t {?Bﬁnf.at?js%gt IJIWAOafnd l%e%n%ﬁ@[fpr%ow RAAPTIIEG polyol.

acryl ate. 4-Methoxyphenol 0 ‘ppm, an inhibitor
O iree ! g 374 TDI h
~di | aur at e@gg‘}@#g%hgf@%ﬁo 21?65 rv%tg ﬁreﬁar (i/%}?é}ng%gltl oén§ arts t o

O IR BRI e i,
S\g{geé)ggnr% ne%r ytht hbh %{Err?&eeﬁnlg niatﬁﬁ\e Kfeag\]iunjl\lg(‘f)(che. The ]mo%aﬁ éatio of

red on rum VI Scosity O
1 cY (lh QR ulvg‘le r{Pfa fo-of roups G as 2:1. The
14 gr gt vartlous tenper atar €S. E

EXAMPLE || Thi tl t
S 03 SPGBy P 1A B
HEMA and conventional TDI prepolyner wth PTI\/EG
hﬁ?ﬂtﬁ}é?movﬁ\eﬁ%‘?l?ﬁgr?éfeﬁane prepol ymer was prepared by

char-gi ng 374 parts TDl, then 10 PTI\/EG
(930 M/\) Ths faregoipg prepIXmes Wiy Cmng@&(? a‘m? ﬁ!ﬁ‘f%yethyl
nit

meltharcr(;/ ate, followed by 200 ppm 4-methoxyphenol and 0.5% dibutyltin dilaurate. The

reaction mixture was heated for at least 2 hours at 80°C until the % NCO was less than 0.1%
as determined by titration and the peak of NCO disappeared on the FTIR spectrum. The
viscosity of the acrylate oligomer was measured by Brookfield viscometer at various

temperatures.
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sweep, an agitator, a thernoneter, a heating mantle
and a vacuum source. The nolar ratio of TDI to PTMEG

w@ bmsoedshe equi val ent rati o of NCO groups to EEI/US2004/022595

groups) was 2:1. The reaction mxture was heated for 6
hours at 600C wi th vacuumEEAMEIED3 Torr during the | ast

hour to renove entrai ned gases. The foregoi ng
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heated for at least 2 hours at 800C until the % NCO
Wasentlogss than 0.1% as determned by titration and the
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Brookf el d visconeter at various tenperatures. EXA

Po0basis PEARBRLE0J dprfﬁﬁtK/l@ﬁ@ﬁextam@thﬂ@%]ﬁ%ﬁopfl 880 MW) to a batch
radi ati on-curabl e pol yurethane using H nd free

@étl&&ﬁ@l@é@ﬁ&ﬂ%@d With B nﬁ) v?egg Ol agltﬁ&cgfhgﬁﬂﬁr?eté’r“ 4 ﬁka¥1g§mantle

I nvention pol yur et hane prepol ynmer was prepare

%{Bbi{A %%Edrﬁ&t THE ?atfaene l-g@/hextcuﬂgtﬁylt]:&qg yol was 4/6 The molar

(pol ybuty exanet ene a ate gl ycol

?a?ﬁ%f %91 totI%P?A@ %e?lpe thé @ {/a%?lt Iah@%kN@@%&%@% &IHLI'%E al%s) was 3:1.

nitrogen sweep, an agit her mo
L R T Y R —

Eplsghrarlo ovem&%uw?;ﬁBHAG (hence the equival ent
39? groups 8 Eilgroups) was 3:1. The
reaction grxtur

inder 8 vASSEHCE R ERRY Wﬁdrrwdorﬁssg ﬁg%lrggﬁo“aw? fm
renove entralnedﬁg a I The cr e reactr& W3S, et
VR T LSO P B W B0 T VR B O o gheos! T jacke
renove unre %ﬁ TDI nononer; the vac%ggrmas 0.04 Torr
[S:Impler@g.ge w?sh@ ; (g ¢ condenser temperature was .

The resulting prepolymer had 3.67% NCO content, 96% of the theoretical
value of 3.82% for prepolymer of pure diisocyanate-polyol-diisocyanate structure (2198 MW
when polyol is 1850 MW) and free TDI content was <0.10%.

The stripped polyurethane prepolymer (1000 parts) was charged to a batch
reaction flask equipped with dry air purge, an agitator, a thermometer, and a heating mantle
followed by the addition of 106 parts of 2-hydroxyethyl acrylate. 4-Methoxyphenol (200
ppm), an inhibitor of free radical reactions, and 0.5% dibutyltin dilaurate, a catalyst for

urethane formation, were then added. The reaction mixture was heated for at least 2 hours at

80°C until the % NCO was less than 0.1% as determined by titration and the peak of NCO
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tenperature was 1200C and the condenser tenperature
was 5C. The resulting prepolyner had 3. 67% NCO
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reaction flask equi pped with dry air purge, an

agitator, a thernoneter, and a heating mantle foll owed
by the addition of 106 parts of 2-hydroxyethyl

acryl ate. 4-Met hoxypbERARATIVE EXANIPLREIII i nhi bi t or of
free radical reactions, and 0.5%di butyltin dilaurate,

a cat al ystrhis@bmparetivearemple iI.frdtethe WepaRation @Na sddiheidn-curable
The reaction m xture was heated for at |east 2 hours

Py uBsRsae Wi b IHHA d Yo NeRiMAB T DESSpdiadt WathIPREBSG polyol.
determ ned by titration and the peak of NCOdi sappear ed

on the FTIARcHRLG&hIE Brepd e aRedatdd WichirBRgaes Yr&UEDL, then
ol i goner was neasured by a Brookfield visconeter at

MRD IpAHSPIIERBE08H H)f ﬁ&tch@@W&ﬁ%kV&n@éﬁW&% ditrdged |§\|N§ep, an

conparative exanple illustrates the preparati on of
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Itator at1 ng rrant e and a vacuum

ERHLE R ogaCRyh @“h‘%ﬁm"r‘?ﬁ T'lté’ﬁ" e SRR N S B bPfRined gases.
e gl Bl R T
ﬁcaq?qs%@%wegﬂ%@“ﬁén‘a“ SiaSrietel i b i fge{%e the reaction
et R E"ﬁﬂ% RS mbl it SN Eh G et nin 816 s

i bu in dilaurate. Th tion
cijetermsr}édﬁjy [[Iltratlon and the peak of%\lé(g %lcsappeared on the FTIR spectrum. The

viscosity of the acrylate oligomer was measured by a Brookfield viscometer at various

temperatures.

EXAMPLE 4
This example illustrates the preparation of a radiation-curable polyurethane
using HEMA and low free TDI prepolymer with PBHAG polyol in accordance with the

mvention.
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m xture was heated for at |east 2 hours at 800C until
the % NCO was | ess than 0. 1% as determ ned by

wo pdosata4sen and the peak of NCO di sappeared on p¢EUSDIR22595

spectrum The viscosity of the acrylate oligoner was
measur ed BypodyuBitioak brepblgmei Baqneiacd batfirst ahdrgidg 282 parts TDI, then
tenperatures. EXAMPLE 4 This exanple illustrates the
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HEMA and | ow free TDl prepolymer wi th PBHAG pol yol in
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prepol ynmer was prepared by first charging 282 parts
tiilenetHag4m t3Ahe R e $o B2 OTHeGn AarB@i £4F TR AS PBHAG (hence the
flask equi pped with a nitrogen sweep, an agitator, a

dNRLRBIBESEE NGO fgﬁﬁﬁé f&Q)Fif@f&l*)ﬁ vAhg:12 MAGHHLTHSAMNGE wad Mited for
rati o of butyl ene/ hexanethyl ene in the polyol was 4:6.

TG Rl684C Lt dnBerf vadibdm 50 - Rﬁ%ﬁd&rh@riﬁﬁela&mﬁuﬁg YRk @Rained
rati o of NCO groups to OH groups) was 3: 1.

%léptl on mxture was heated for 6 hours at 600C and
nder a vacuum of 1-10 Torr during the last hour to

remove en%@ug&éiﬁg&ﬁﬁ%xmava% Rﬁéﬂ%r&@é@& g wlgd%mas

t hen processe rough a w ped film evaporat or

JV§E$Xt%r %qglﬁg\%‘t qek &Q& TBP RSH8ther; tthls1 @ac“@@%g% 89- oQ%es;J; ke jacket

€SS, et tenperat ure was
ARSI m\%@)‘t‘é%ﬁ’?“g A Lt R .”Eaf”iﬁf’hé"ﬁ
a i sovyandR R bRentraB bl 7 Neo conenn o6yt gyt
\éaé)uelc6§c§2y Ilé)r rtePﬁ:)l%lB%r aow%ﬁeaanoc%/%ngﬁe epolPlol g Toc%atewﬁbﬁbre (2198 MW
Hfenrelyeliiy o) Wﬁ%&éﬁ"ee P Eiiourer<d 184 ?hE'r ﬁf;ﬁete o oG
a heat 'ng Tmistrlpped polyurethane prepolymer (1000 parts) was charged to a batch
reaction flask equipped with a dry air purge, an agitator, a thermometer, and a heating mantle
followed by the addition of 119 parts of 2-hydroxyethyl methacrylate. 4-Methoxyphenol
(200 ppm), an inhibitor of free radical reactions, and 0.5% dibutyltin dilaurate, a catalyst for
urethane formation, were then added. The reaction mixture was heated for at least 2 hours at
80°C until the % NCO was less than 0.1% as determined by titration and the peak of NCO

disappeared on the FTIR spectrum. The viscosity of the acrylate oligomer was measured by a

Brookfield viscometer at various temperatures.
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temperatures.

EXAMPLE 5
This example illustrates the preparation of radiation-curable polyurethane
using HEA and low free MDI prepolymer with PTMEG polyol in accordance with the
invention.
A prepolymer was prepared by first charging 1750 parts MDI which was
dissolved in 1750 parts dimethyl phthalate, then charging 1000 parts PTMEG 1000 (1000

MW) to a batch reaction flask equipped with a nitrogen sweep, an agitator, a thermometer, a
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t enper at ures. COVPARATI VE EXAMPLE V

15 spectrum. The viscosity of the radiation-curable polyurethane was measured by a Brookfield

viscometer at various temperatures.

COMPARATIVE EXAMPLE V

This comparative example illustrates the preparation of a radiation-curable
20  polyurethane using HEA and conventional MDI prepolymer with PTMEG polyol.
A prepolymer was prepared by first charging 500 parts MDI, then 1000 parts
PTMEG 1000 (1000 MW) to a batch reaction flask equipped with a nitrogen sweep, an
agitator, a thermometer, a heating mantle and a vacuum source. The molar ratio of MDI to

PTMEG (hence the equivalent ratio of NCO groups to OH groups) was 2:1. The reaction

23-



20
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ﬁ!ﬂrzméh Yhd {18 peiK FW@S 8isap t}FE}ﬁeJ SARL FOIR dPethid]. efﬁ@aﬁsc9§@to? the

for at |l east 2 hours 800C, until the % NCO was | ess

;ahﬁﬂo@m;lrd@lé’ b@yﬁrb&ﬁl@Wé@%G@MeJ@% PRk vidReter at various

di sappeared oh the FTIR spectrum The viscosity of the
eagdbalan- curabl e pol yurethane was nmeasured by a
Brookfield visconeter at various tenperatures. EXAMPLE
6 This exanple illustrates the preparation of a
radi ati on-curabl e pol yurethane ol i goner using HEMA and

| ow free NMDI prepol yner 'kﬂbﬁl, pol yol in

accordance with the inven?run“%ﬁgrepolyner was

prepar ed hl'){n r %ﬂ;s ages fe 1r75a(r) ton IMDUOII -cur, Qle\ﬁ@lsyurethane
raethyt p A& g€ TReER

di ssol ved |n

SO U G 90 P M e

aghh%tor a thernoneter, a heating mantle and a vacuum
¥ VeI hplar ratio of MM to PTMEG (hence the

ol V2l ot Lo DG OUD8 L8 SFAHREA VRS wichas

dissolved in 1750 parts dimethyl phthalate, then charging 1000 parts PTMEG 1000 (1000

MW) to a batch reaction flask equipped with a nitrogen sweep, an agitator, a thermometer, a

heating mantle and a vacuum source. The molar ratio of MDI to PTMEG (hence the

equivalent ratio of NCO groups to OH groups) was 7:1. The reaction mixture was heated for

6 hours at 80°C with a vacuum of 1-10 Torr during the last hour to remove entrained gases.
The crude reaction mixture was then processed through a wiped film

evaporator to remove unreacted MDI monomer and dimethyl phthalate. The vacuum was

0.04 Torr or less, the jacket temperature was 160°C and the condenser temperature was 20°C.

4.
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6 hours at 800C with a vacuum of 1-10 Torr during the
| ast hour to renpve entrai ned gases. The crude

WO e@shHinm m xture was then processed through aP@u/psmo4/022595

filmevaporator to renove unreacted MO nononer and

di met hyl e kippddeprepbiyaney acnizinedles tn@®45%T Gee MB. ltdad 5.10%
the jacket tenperature was 1600C and the condenser
NEOpn&ht) b &owé the 200CtiTH ealet of peEd fopegpolyyreof men M PEMEG-

| ess than 0.5%free MDI. It had 5.10% NCO content, 91%
MDItshrectiide € 0106 tM Wal hen N TME®Ts 19060 . or pr epol ynmer of

pure MDI - PTMEGVDI structure (1500 MW when PTMEG i s

1000 MN . TheenoGRfs phé sripfed hpoBinet sHdeelwhd RN MBSt followed
above was charged first followed by 166 parts of

By hocdsae ye2-RydroxvRthyBmEdihaiiete, 20@pRPImdthsBhhay ek dibutyltin
and 0.5%di butyltin dilaurate to a batch reaction

fill ;usdte RAWaRAEhc Wbt flask egllipped iWithPUr@Sr p@tBe, 38 hitkkd a thdrmometer
thernoneter and a heating mantle. The reaction m xture

WRSa mm%ada;ft@r Th rebaa)ﬁtm.ztuwss]eﬁ&d #8098 GeastNhdrs sthzeoéﬂ)unm the
NCO was less than 0.1%via titration and the peak of

N divad RREALLO. 1%&1; h@aﬂlaﬁ%i &P E@JkrdfmCOTm?fdpﬁéaﬁ&p&i thy FPIR
the radi ati on-curabl e pol yuret hane was neasured by a

| WV,
B e UL by Bkt

blk%o‘dfe?efr@ﬁ%%oﬁﬁ@mgér@tﬂ%.at' on of radiation-curable
pol yur et hane usi hg HEMA and conventi onal NDI

prepol ymer with PTMEG pol yol . A prepol yner was
prepared by first charging 500 parts MDI, then 1000

parts PTMEG 1000 (1@89[%]1&1913%%9& rvtfactl on flask
equi pped with a ni tTvgen—sweep—am—am—l—at a

t her nonet e[rhiso heaE\{e &ﬁ”ﬁ}ﬁé u(sﬁees thea Prl\égz%a 1011 O z}%la%on curagle

nmolar ratio nce U|va ent

ot s Sinet BN R R R i v mpon
\e/ﬁf lr'lglmngg %%régog;/rn%rrwa% lfl)gelpgt%d L}I;] grst &%ggllpgoébr() ptapts %q?t\{)en 1000 parts
PTMEG 1000 (1000 MW) to a batch reaction flask equipped with a nitrogen sweep, an
agitator, a thermometer, a heating mantle and a vacuum source. The molar ratio of MDI to
PTMEG (hence the equivalent ratio of NCO groups to OH groups) was 2:1. The reaction
mixture was heated for 6 hours at 80°C with vacuum of [-10 Torr during the last hour to
remove entrained gases.

Then to the prepolymer above was charged by 274 parts of 2-hydroxyethyl
methacrylate, followed by 200 ppm 4-methoxyphenol and 0.5% dibutyltin dilaurate. The
reaction mixture was heated for at least 2 hours at 80°C, until the % NCO was less than 0. 1

via titration and the peak of NCO disappeared on the FTIR spectrum. The viscosity of the
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Then to the prepol yner above was charged by 274 parts
of 2-hydroxyethyl nethacrylate, followed by 200 ppm

wda20mpmzy phenol and 0.5% di butyl tin dil aur at ePCT82004/022595

reaction m xture was heated for at |east 2 hours at
8185 n-aukdbild pdiyueetRanblG@s wassuted by atBraskfRld viscwmatet attva@duson
and the peak of NCO di sappeared on the FTIR spectrum
tdpermu@60si ty of theradiati on-curabl e pol yurethane was
nmeasured by a Brookfleld visconeter at various
tenperatures. EXAMPLE 7 This exanple illustrates the
preparation of a radiation-curable pol yurethane using
HEA and | ow free PPDI prepohviree i th PTMEG pol yol in
accordance with the invention. A prepolymer was

prepared s bkdn§llc FDRF0s NG RERraRBH b Bifdiotdilirfile ¥ Purethane
dlssolved in 1000 parts dinethyl adi pate and 500 parts

gﬁ%ﬁ]&/lmd%&/rfﬁzle 2bBI plePAInENARITMES 9990101%5&@0&%@%11 the
000 (1000 to a batch reaction flask equi pped wth

,gwﬂhggogen sweep, an agitator, a thernoneter, a
heating mantl e and a vacuum source. The nolar rati o of

PPDI to PX@% }Jﬁfeﬁl%s é\aﬁarﬁﬁ? Y& c%ﬁ(glrﬁfgg b Bard PP R hich was

groups to groups) |on m Xt ur e

d?%&vgc?ﬁt 1960 L%’L &TQR fa Elgur Ak a9 % eﬁ%‘é BinYs W%ﬁg e ]tﬁe]n chargmg

rrduring to renove e ‘gases

1-565 Cr{sg;jlsd 8%66(5 (g )l’{r G bifer retaalo% fBEl?&;?lé%gtg}gBF a ml\!l%gen

nleva O renove unreac
monone ate a

SPEEP, 31 8%}% T a hexglo(r)x ftef,oagleg x}g rpaéngld ar% ;héacﬂég ﬁgnlrceh athe molar ratio of
S S S ORISR HERRBEL .
FPFHER BRI AR 81 BB 5t B SRR Bt g et
h%ﬁﬂo-rggﬁcgzgglned gases.

The crude reaction mixture was then processed through a wiped film
evaporator to remove unreacted PPDI monomer and dimethyl adipate and dimethyl phthalate.
The vacuum was 0.04 Torr or less, the jacket temperature was 120°C and the condenser
temperature was 20°C.

The stripped prepolymer contained less than 0.1% free PPDI. It had 5.75%
NCO content, 90% of the theoretical value of 6.37% for prepolymer of pure PPDI-PTMEG-
PPDI structure (1320 MW when PTMEG is 1000 MW).

Then 1000 parts of the stripped prepolymer above was charged first followed

by 167 parts of 2-hydroxyethyl acrylate, 200 ppm 4-methoxyphenol and 0.5% dibutyltin

dilaurate to a batch reaction flask equipped with a dry air purge, an agitator, a thermometer
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structure (1320 MW when PTMEG is 1000 MN . Then 1000
parts of the stripped prepol yner above was charged

wo poosi1X4ed | owed by 167 parts of 2 - hydr oxyet hyl PCT/US2004/022595

acrylate, 200 ppm 4- met hoxyphenol and 0.5% di butyltin
dhid|aghigitirigemdntle aTheveadtioh aattile awas hbaskfoes Udapyeitbud dt BORC, until the
dry air purge, an agitator, a thernoneterand a heating
NGO Svas TEREhiE@C biaQitrafidrkdnd iR pvals of 190D /tkapRbredon FEES tpedtrum.
hours at 800C, until the % NCO was |less than 0.1 via

Thetvibsigbf @RdaditfonRe k1ol Nedhatt SAPREALRH wath afBrbfkfield

spectrum The viscosity of the radiation-curable

PREsWiShahRuYRmpiRAsdr €d With a Brookfiel d Visconeter
at various tenperatures. COVPARATI VE EXAMPLE VII This

conparative exanple illustrates the preparation of
radi ati on-curabl e pol yuret hane usi ng HEA and

conventional PPD pisgpAXRRIvEEXAMPLIEG POl Yol . A
prepol yner was prepared by first charging 320 parts

PPDI, thefyl Qgrgpﬁgtf\;e%xfrﬂ-ﬂ\(gg’lu;@aqg tﬁé"&glparzh%\ll of &dﬁggﬁ"hﬁgble

reactl on flask equi pped a nitrogen sweep,
T ?”m?ﬁ'ﬁﬁ*é“% ”E‘ﬁ%tﬂr@b%%%éﬁfhen&ip%ﬂﬁ&““m
Tre.  oact et et PR OUP R e Sﬁégfhzg é?f? g fooo pars
10, Torr d th t
W]\%Egeﬁgﬁ ﬁr a& 1;\1/16\%‘) toa ba © rrefiﬁtlljornl W Fqu eppscﬁ‘ éVltg P n#{solgelg fpecp, an
45gr etmg%?tflgagaa "%aﬂt %S%fvag %%%%ﬁé%"é'fﬂaawgoa.f BgpI o
t di | t t t heat ed .
PhtGhirgtue 'e@l%ﬁ%%viatgto? ar&eﬁﬁpﬂégu%&%%%‘i% ggion
law?ltrgﬁg/asi]:'ﬁe'\él g&ost[flﬁ?g(ﬁ—?;nvgl\nt gng pf)§ g Tom urmgt g gst%{ogrd to
radi ati on-cur abI e pol yuret hane was nmeasured by a

BPEYK§Iaingd 36t omet er " at vari ous tenper at ur es. EXAMPLE
8

Then to the prepolymer above was first charged 244 parts of 2-hydroxyethyl
acrylate, followed by 200 ppm 4-methoxyphenol and 0.5% dibutyltin dilaurate. The reaction
mixture was heated for at least 2 hours at 80°C, until the % NCO was less than 0.1 via
titration and the peak of NCO disappeared on the FTIR spectrum. The viscosity of the
radiation-curable polyurethane was measured by a Brookfield viscometer at various

temperatures.
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This exanple illustrates the preparation of

radi ati on-curabl e pol yuret hane using HEA and | ow free
woilospraEpol yner wit h PTMEG pol yol in accor dancECTs1e04/022595

the invention. A prepolyner was prepared by first

chargi ng 882 parts HD, thetave0P@ parts PTMEG 1000

(952 MN to a batch reaction flask equi pped with a

ni trogen sMeeRmpaI1dglated e hreparati s BB curadle {RRfukdighne
mantl e and a vacuum source. The nolar ratio of HD to

uBRVEEA( £RANGE OB DE fkeb¥dmeNith PENMEGHolNOR 296 R8s ah B
groups) was 10: 1. The reaction m xture was heated for

iSveh@H s at 800C with vacuum of 1-10 Torr during the
| ast hour to renpove entrained gases. The crude

5 reaction Impl‘e:pryﬁlei’\@% ﬁr&%?edmy%ﬁ%ﬁﬁginaggfﬂﬂﬁ HDIMHBR 8000 parts
fil mevaporator to renove unreacte DI nononer. The

PHRAY %ONB@SZOM% 14 QMbhtcR Feabtﬁﬁlsﬂasﬁ éh%iﬂp@&: Kzﬁf'n atnﬁg%gx{ é:i‘r%]ééﬁ,%n

was 120C and tre condenser tenperature was
a?@tﬁ@@%ﬁﬂfﬁ%&‘%@%ﬁ%@%ﬁ@ AR s
ARLR Rt <RUBRRATE b RGOy B0 RO i o8y RO Miton
Rk eo\!v L2 e(ﬁ%?g Folld ? g(*& %Jith%/hg ru%eg%D f—gJ ”l"o%m@uqing){he]ﬂs% hour to
parts of e ydroxye %y acryfa e, 20 ppm

r4-q%%g ﬁﬁgC%ﬂgl and 0.5%di butyltin dilaurate to a
BACCITVEACISORW f1 ask equipped with a dry air purge, an

agitator, .a thernoneter, and heat i n ntle.. Th

Feacti on’ HOGHEARHG" REyrays Gem mpcosadaprodsn ijsd Bim

8Q0C, until the % s less_than 0.1 vj itration .
CHATLAED e BFretqes KDL apenT oi oot vt B Liveef biimihe jacke
The viscosity of the acrylate oligonmer was nmeasured by
t%“@ﬁ%ﬁﬁﬁ@éﬂgygﬁ§égﬁéP "%?“WEF?BE%W?%%ﬁératures.The

viscosities at different tenperatures of the
radi ati onTWfaWF%PTﬁB?IVE}?TéPW&Wé%leSS than 0.1% free HDI. It had 6.12%

15 NCO content, 94% of the theoretical value of 6.53% for prepolymer of pure ABA structure
(1288 MW when PTMEG i1s 952 MW).

Then 1000 parts of the stripped prepolymer above was first charged followed
by 178 parts of 2-hydroxyethyl acrylate, 200 ppm 4-methoxyphenol and 0.5% dibutyltin
dilaurate to a batch reaction flask equipped with a dry air purge, an agitator, a thermometer,

20 and a heating mantle. The reaction mixture was heated for at least 2 hours at 80°C, until the
% NCO was less than 0.1 via titration and the peak of NCO disappeared on the FTIR
spectrum. The viscosity of the acrylate oligomer was measured by a Brookfield viscometer

at various temperatures.
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of Exanples 1-8 and,

-V

WO/R®E/0$I450)

t hose of Conparative Exanpl es

| are set forth in Table 1 below. TABLE 1 Sanpl es

cP 700C. 600C. 500C. 400C. Exanpl epdr/US2004/022595

LFTDI / PTMEG HEA 2,500 3,860 6,840 14,080 Conparative

2, LFTDI/PTMEG HEMA 1, 720 3,100 5,630 10, 540
&uiqaaipées i1 veeankd) thoe @il Combarating Exampes B V12e ¢kt 8h i3 70 1 below.

16, 8
31,5

40 Exanpl e 3,
60 Conparative 111,

type 48, 000

conventlihenatositicp et Rffef&d tdnpe8urdOofiROradibti @8&irdbtapqdy@ethanes

LFTDI / PBHAG HEA 8, 460 14, 440 22, 440
conventi onal

100, 000 196, 000 260, 000 Exanmwie ¥4, LFTDI/ PBHAG HEMA
7,000 16, 440 24,550 33,660 Conmparative 1V,

convESkdpeRal type 40, 000 67, 000 88,WRWsiwd®, 000 Exanpl €
5, LFMDI/PTMEG HEA 5, 600 6, 36&cll, 786€c.23, 69050°C. 40°C.
Conpja-ainple @, NETDEETIMBAGIHEANAl | Ryae 8,360 11, 0DQs4b9, 40014,080
39, 7]2Conipeatip Iecobyentidahiipe PTMEGTHENMA 5328400 6, PHN1201, 9616,880
23, 6/ExaGolap ArFADIAEMEG/HEMONV € M2 nal 3,109 pe 3, bHB06, 72010,540
12, 5[00onaraged], Eovaentibel Fpe | FPPIRY PTMEC) HEA 2| $419 4, 7/610.840
8, 600Exe@plg A0 FTDYPRHAGIHEA VI | 8.4¢bnviddtttdnal 323010, |F0G60
10, 72Cempgragedl3gnveaiipnihivpap| ¢ 48000] EHOD.POTVEG HIBA0GA(Q 260,000
1, 100Expmgla @, @T@ﬂﬁBﬁh@@E%t a’8Mbw [t184Gi gni | #eRAL | 33,660
r edulctqmpaetiyed Vi eavepiianaldgiet | 40.000 +HE.0P% di at | /190 r a1 240,000
pol yu‘?’@tnhléﬁelsFWG)éfMW‘?‘ ow| PPk | §®3(9 anat e P‘rﬂ@@ol yIrgr690
in a %Wh’&WW??pﬁgqm%uanﬁj&% ( o Zgjzo
P EGUEN % 3,640
Cgln'p” )q%nﬂf)ﬁl\éng\tﬁf}r{?ig/e%mnal type‘t\I ¢ % gﬁ t 672@rI or BPSOO 25,670
P y“Ex‘ar‘nb‘le 7, CFPPDI/PTMEG/HEA 2,540 4,760 8,600 18,640
Comparative VII, conventional type 10,000 10,720 16,980 38,260
Example 8, LFHDI/PTMEG/HEA 640 1,100 1,840 3,540

These data show the significant reductions in the viscosities of the radiation-

curable polyurethanes made from low free isocyanate prepolymer in accordance with the

invention (Examples 1-8) as compared with the viscosities of the prior art polyurethanes

(Comparative Examples [-VII).

EXAMPLE 9

Not only is the zero shear rate viscosity of the radiation-curable polyurethane herein

important for efficient coatings application, for a steady and fast application of coating to

moving articles such as fiber it is advantageous to have a good rheology as well. It is

therefore desirable to have a large enough Newtonian plateau on a dependence of a complex

VISCOSs

ity vs. shear rate.

In this example, the master curves for the polyurethanes of Example 6 (Polyurethane
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(Conparative Exanples I-VI1). EXAMPLE 9 Not only is
the zero shear rate viscosity of the radiation-curable

w@elogiashane herein inportant for efficient cPel/Uszs4/022595

application, for a steady and fast application of

@Qahd CgmberafiRVExagpRI VI (BbIGsrethatie!B)ase frteRbd {ntFIg S*1 The rheologlcal
advant ageous to have a good rheol ogy as wel

nsteeb Ve e 1 akteohrubRY for dhel b ?@ly@r@ﬂ’ih‘% uNﬁg\@ ﬁme Efé}nperature-
pl ateau on a dependence of a conpleX viscosity vs.

ShRRpositRdh @nd hB WilliathsD4AMEEry (WEFNBRLES
polydﬁethanes o# Exgnple GQPEegur haﬁeg%ggﬁétég&naﬂé

i@ﬁ;ﬁ&g@&%h‘(ﬁﬁ&%@hs@ oVthe pEIQh A £l BAD &a@cteﬁ& Wi g)ﬁ‘ﬁ%tlce%eological

ig. 1. The rheol ogi cal master curves

\%ﬁﬁﬁs@ OfRtgolmtc@fnfQWerk REted YPHP A é{H{tﬁhEﬁ‘tQ %%Eésrh&gne%r between 25

tenperaturesuperp03|t|on an

111 ldia%‘t:ér ﬂ[}:g e*l"ﬁé: ]?d’l);u\{etﬁMlz ’S:M%%tré Bglted-[)lg{%ve%n E@ é)lates at 50°C and

t enperat ufe superposition response

mgé gsqe%ta*aag ofwaﬁsmshaﬁegge%neﬁs@er\é'tﬁteﬂmﬁlmaﬁ 10 60.°C at 5°C

0ogl Ca anaIyS|s ur et hanes were

t

glnz?er;[{msl 433 Hxé&%gg%éﬁﬁa%ly %g&ggﬁ aﬁ[eo lg)g Véf n/segl\élrdm IC?IBEJGX

t t est ed 0
LIRS e B T SOF S PO DA SRR B o
%C |ncr nents as . h1 %# of frequency between 0.1
8“1%6”73&W3ﬁP§8§8% egg SUANINI ex viscosity (h*) was
nmeasured. The data at different tenperatures were then
shifted to 250C to forma naster curve by using t he
WLF ti I = -t {t
(1) 240 T ) bt sk parlins e Erikt factor. & ang)
C2 are the V\LF c n$ ant (@d T, 4@ the reference

tenperature. The naster curve for Pol yur et hane B
(prior art) in Fig. 1 shows the known

wherein or is the shift factor,’-C[ and C, are the ‘WLF conetants and T; is the reference
temperature.

The master curve for Polyurethane B (prior art) in Fig. 1 shows the known
already higher viscosity at zero shear rate and the absence of a Newtonian plateau (shear
thinning from the beginning). The master curve for Polyurethane A (of this invention) shows
an onset of Newtonian behavior at a relatively high shear rate of ~10° rad/s, indicating a

large Newtonian plateau.
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al ready higher viscosity at zero shear rate and the
absence of a Newtoni an plateau (shear thinning from
wo b@shegsmni ng) . The master curve for Pol yur et hemes?o4/022595
(of this invention) shows an onset of Newt oni an
behavior at a relatively high shear rate of ~103
rad/s, indicating a |arge Newtoni an pl ateau. WHAT | S
D 1S \ radi ati on-curabl e pol yur et hane
ﬂét@hggégégygi%gﬁbrocess whi ch conprises: a) reacting
at | east one diisocyanate nononmer with at | east one
pol yol to provide a pol yurethane prepol yner containing
unreact ed diisocyanate nononer; b) renoving unreacted
di i sbcyanatradiatomoereablé polyutetienp ptoducet tyathe pporcegollyinier
to provide pol yurethane prepol yner of reduced
conipriz@et ed di i socyanate nononer content, and, c)
reacting the pol yurethane prepol yner of reduced

unr eact edreQé 08 YRR Jied te RRAbRBE with hiedf oRE b¥lybLto
nmonorer to provide radiation-curabl e pol yurethane. 2.

a _radiati.en-.c I . . i erein
rppe gL Ak Bl bRl WA R OB R S
nononer sel ected from.the roug consisfin of 2,4- and
2, 6- ol ueBOYNELBESALIT4dESocyanate RIOBRRIRY romehpefyurethane
di i socyanate, p-phenyl ene diisocyanate, tolidene
prepolemey ternapede pelyniettang peenelyaicr sbregnerst unreacted diisocyanate
t et ramet hyl xyl yl ene dii socyanate, isophorone
mondsacyateat,andnd di cycl ohexyl met hane dii socyanate. 3.
The radi ati on-curabl e pol yurethane of Claim1l wherein

t he ol yoleadtigahe pSlsictRASpRPbIYAler 8 EFclGERAdiIntdaBddkSocyanate
group consi sting of polyether, polyester,

mBRYSREHRIE R oLy RE B 06 1o A0 MRS Sty grchne
from about 100 to about 12,000.4. The
radi ation-curabl e pol yurethane of Caim 3 wherein the

pol yet her_polyol is . . .
2. The radiation-curable polyurethane of Claim 1 wherein the diisocyanate

monomer is at least one diisocyanate monomer selected from the group consisting of 2,4-
and 2,6-toluene diisocyanate, 4,4'-diphenyl methane diisocyanate, p-phenylene
ditsocyanate, tolidene diisocyanate, hexamethylene diisocyanate, tetramethylxylylene

diisocyanate, isophorone diisocyanate and dicyclohexylmethane diisocyanate.

3. The radiation-curable polyurethane of Claim 1 wherein the polyol is at least
one polyol selected from the group consisting of polyether, polyester, polycarbonate,
polycaprolactone and hydrocarbon polyols having a number average molecular weight of

from about 100 to about 12,000,
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represented by the general formula HOQ RO nH wherein R

is an al kylene radical and n is an integer |arge
wer@agiesshat t he pol yet her pol yol has a nunberPemesBg€022595

nol ecul ar wei ght of at | east about 250. 5. The

radi at Lon-cur.abl e r et d i 4 wherein the .
ol vt HEF TRl Srtbie SRR ab iy e%%ereﬁhléerpodwﬁwolyol s
6. The_ radi ation-curabl e yur et hane of C aim

reméergequ)f the gﬁréqrg,]ofprmg ag{(}‘&@plﬁa\thgﬁn(ﬁ 1Sémm11@ﬂene radical and n is
nol ecul ar wei ght polyol and a | ow nol ecul ar wei ght

ampiotegot large. endgh thaidthe pplyatheupapdidhap e inymbert dvarage ofol@uddrveight
6 wherein the | ow nol ecul ar wei ght polyol is an

ofalt iqakiadboat 7@l yol sel ected fromthe group consisting of
et hyl ene gl ycol, diethylene glycol, triethylene
gl ycol, tetraethyl ene glycol, propylene glycol,
dipropylene gl ycol, tripropylene glycol, neopentyl

9'_ yeol rpdy fdﬁ%&%‘?&ﬂl%ﬁolgﬂr fﬁaHé‘B %Q‘ ot%e?%ﬁ é]:ié;}?oé%tﬁ&'polyol is

ie radiation-cura yure ane
erein | o | ecul ar wei ght polyol is |less than

aﬁ@%ﬁFaﬁﬁégg?eFﬁ%pqeﬁgrnation of high nol ecul ar wei ght

pol yol and | ow nol ecul ar wei ght polyol. 9. The

radi ati on-curabl e pol yurethane of Caim8 wherein the

| ow nol ecul ar wei ght polyol is up to about 15% of the

conbé.ndhe oxligionhiugdblepélgengitane weClpih 3paieyah tienpblydws a

nol ecul ar wei ght pol yol.10. The radiation-curable
copgivatioatdfanggtomolek @lanai ghhsd1go1rant Beow M gl€duldr Sveight polyol.

pol yester of butanedi ol, hexanedi ol and adi pic acid.

11. The radiation-curable polyurethane of Claiml

mherein the pol yur et hane prepolyner is of the genera

Z :ur:l %Eﬁbo\é‘;c%gﬁlwégvretqag leé flid %ov%ecrj(iaih N8 Reular

radlatlon cur abl ol y e of C a|n11 wherejn the
weightRrpelyol g an al%)?‘lagc }F))olyol se ecte I}rom the group consisting o} ethylene glycol,

diethylene glycol, triethylene glycol, tetracthylene glycol, propylene glycol, dipropylene

glycol, tripropylene glycol, neopentyl glycol, 1,3-butanediol, 1,4-butanediol, and the like.

8. The radiation-curable polyurethane of Claim 6 wherein the low molecular
weight polyol is less than about 20% of the combination of high molecular weight polyol

and low molecular weight polyol.
9. The radiation-curable polyurethane of Claim 8 wherein the low molecular

weight polyol is up to about 15% of the combination of high molecular weight polyol and

low molecular weight polyol.

32



unreacted dii socyanate nononmer fromthe pol yurethane

prepol yner reduces the content of unreacted
walRiosocyamat e nmononer in the pol yurethane prepptT/ne1004/a22595

| ess than about 2% by weight. 13. The

radi ati on-curabl e pol yurethane of Claim 16 wherein the

renoval of unreacted diisocyanate nononmer fromthe

pol yur et hane pr epol reduces t conf ent of )

Cir oS e B BED SRR E e pR R aHER e o CHERDb Ftreth e pelol is a

prepol yner to | ess than abqut 0.5% by wei ght. 14. The
PQI%FéPG&P Brapshelphexapedighand eARifcadd: a aim 1 wherein the

renoval of unreacted diisocyanate nononer fromthe

pol yur et hane prepol ynmer reduces the content of

unreact ed dii socyanate nononer in the pol yurethane

pr epual. y meThd radla@sis-ctifable pabatdthdhe ¥Yoyinmnevbieinlthe pdyarethane

radi ati on-curabl e pol yurethane of Caim1l wherein the

prafdIYhECis¥P ARBRheRPSARERE A BN wheRE A Q& V@ %HohY §iisocyanate and
functionality. 16. The radiation-curabl e pol yurethane

' ei n the pol yuret hane prepol yner of
:Bg%gﬁ%gg%b#}éggﬁéd di i socyanat e nonomer content is

end- capped with an aerylate. 17. The radi ation-curable

pol yurethane of Claim1 wherein the reaction of at

| east one diisocyanate nononer with at |east one

pol y@ prBagdigtipyeurgblgmoburethansd (daingl wereatharanoval of

nononmer over polyol. 18. The radi ation-curable
urpedcyadrdisbayaaato inddoaiemfrbnt the pelgufeticine arqpobpodr yeducethe content

step (b) having an NCO content of at |east about 70%

of@fnrdadR dtdniesuyahte alonbkael maR¢ pelturefifine frepolymer to less than about 2%
radi ati on-curabl e pol yuret hane conprising: a) a

b%m%iH{ethane prepol ymer termnated with a diisocyanate
nmonomner

13. The radiation-curable polyurethane of Claim 16 wherein the removal of
unreacted diisocyanate monomer from the polyurethane prepolymer reduces the content
of unreacted diisocyanate monomer in the polyurethane prepolymer to less than about

0.5% by weight.

14, The radiation-curable polyurethane of Claim 1 wherein the removal of
unreacted diisocyanate monomer from the polyurethane prepolymer reduces the content

of unreacted diisocyanate monomer in the polyurethane prepolymer to less than about

0.1% by weight.
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selected fromthe group consisting of 2,4- and

2, 6-toluene diisocyanate, 4,4'-diphenyl nethane
walziosoasmat e, p- phenyl ene dii socyanate, tol i dBCEUS2004/022595

di i socyanat e, hexanet hyl ene dii socyanate,

tetrpgret hYlllé(ﬁéhbéltlgﬁ‘ %uﬁble%%ﬁé f*(ﬁ&’im‘?w&%m the acryllc

di i socyanate, and dicyclo hane di i socyanat
I t_ han re t he reactlon

m%ﬁ%ﬂdﬁgm%¥&%ﬁgﬁggxp 8moWﬁ”%‘”@?%’Socyanate nononer s

and at | east one polyol selected fromthe group

consi sting of polyether, polyester, polycarbonate,

pol ycaprol act one and hydrocarbon pol yols having a

numbks athﬁa!‘gélaﬁ@ﬁl@E@bérPW‘@mneoff Glaiond aborgin hePolyurethane

t oabout 12,000 from whi ch unreacted diisocyanate
prapei pmer ofaduded enraaeted déshey siaitaimpodnier @hteans cpd epppadneith an

conprising no nore than about 2 wt % free diisocyanate
acigRener and having at |east about 80% of the

theoretical NCO content for a pure ABA structure; and,

b) an acrylic nononer possessing at | east one reactive

functionality selected fromthe group consisting of

2t 7 om R fofghyPe B el 3Sickyn FubRae yp Seon of a

hydroxyalkyl acryl ates, hydroxyalkyl nethacrylates

leggh anerflixtogyanate Menemesr Widhatdeashonenqlis peaidgsi fer a molar excess of
pol yurethane containing a ratio of avail abl e hydroxy
difsgeysnitemadriomer ofertodydhy dr oxyal kyl acryl ate to NCO

content of the prepol yner of reduced unreacted

di i socyanat e nonomer content of fromabout 0.9:1 to

about 1.2:1. 20. A substrate coated with a radiation

curagy e plf}ieyﬂelﬂﬁh&ﬁeﬁra&%%%%ihﬁbé Jrlt§aiRf OERRSd WakE prepolymer

conprises: a) reactlng at ‘| east one d||socyanate

o#@#&ﬁfﬁ%ma%% ﬁ cgq%ﬁ:tnt 9% 18R l ut t78% tggod‘@tlcal NCO content.

er contai ni ng unrea
di i socyanate nDnoner b) renovi ng unreacted
di i socyanat e nononer fromthe pol yurethane

19. A radiation-curable polyurethane comprising:

a) a polyurethane prepolymer terminated with a diisocyanate monomer
selected from the group consisting of 2,4- and 2,6-toluene diisocyanate, 4,4'-diphenyl
methane diisocyanate, p-phenylene diisocyanate, tolidene diisocyanate, hexamethylene
diisocyanate, tetramethylxylylene diisocyanate, isophorone diisocyanate, and
dicyclohexylmethane diisocyanate, said polyurethane prepolymer being the reaction
product of one or more of said diisocyanate monomers and at least one polyol selected
from the group consisting of polyether, polyester, polycarbonate, polycaprolactone and

hydrocarbon polyols having a number average molecular weight of from about 250 to
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prepol ynmer to provide pol yurethane prepol yner of
reduced unreacted diisocyanate nononer content; and,

w@oos@easo ng t he pol yuret hane prepol ymer of reRPCmEs2004/022595

unreact ed diisocyanate monomer content with an acrylic
abdBP&do EOmRIAY 8§ LR & yahgtlé'rrr?cpr{o?ne[r) Rhy ]_L,‘Je%tr@l%&%d, said

polyurethane prepolymer comprising no more than about 2 wt % free diisocyanate
monomer and having at least about 80% of the theoretical NCO content for a pure ABA
structure; and,

b) an acrylic monomer possessing at least one reactive functionality selected
from the group consisting of vinyl carboxylic acids, acrylic acid, methacrylic acid,
aminoalkyl acrylates, aminoalkyl methacrylates, hydroxyalkyl acrylates, hydroxyalkyl
methacrylates, and mixtures thereof, said radiation-curable polyurethane containing a
ratio of available hydroxy functionality of the hydroxyalkyl acrylate to NCO content of
the prepolymer of reduced unreacted diisocyanate monomer content of from about 0.9:1

to about 1.2:1.

20. A substrate coated with a radiation curable polyurethane produced by the
process which comprises:

a) reacting at least one diisocyanate monomer with at least one polyol to
provide a polyurethane prepolymer containing unreacted diisocyanate monomer;

b) removing unreacted diisocyanate monomer from the polyurethane
prepolymer to provide polyurethane prepolymer of reduced unreacted diisocyanate
monomer content; and,

c) reacting the polyurethane prepolymer of reduced unreacted diisocyanate

monomer content with an acrylic monomer to provide radiation-curable polyurethane.
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