-1- CROSSLINKABLE THERMOPLASTIC POLYURETHANE Field of the Invention [0001]The present
invention relates to thermoplastic polyurethane (TPU) compositions that can be formed into useful articles
by injection molding, blow molding, or extrusion and which can subsequently be crosslinked. In one
embodiment, crosslinking of the TPU is effected by exposing crosslinkable moieties polymerized into the
TPU to electron beam irradiation. Thermoset articles having excellent chemical resistance, dimensional
stability, set properties, heat resistance, oxidative resistance, and creep resistance are formed from the
crosslinked TPUs. Background of the Invention [0002]TPUs (thermoplastic polyurethanes) are currently
being used in manufacturing a wide variety of products for many applications by various melt processing
techniques, such as injectictRO6Eligkahl [dx FtisiB iV GRIr ANSTHN COL RIS AeAGIMmonly used in making
seals, gaskets, catheters, wires and cables. Such TPUs are typically made by reacting (1) a hydroxyl
terminated polyether or hydroxyl terminated polyester, (2) a chain extender, and (3) an isocyanate
compound. Varig8$'8/88 BveliBounds for each of the three reactants are disclosed in the literature.

Such TPUs are pegmentag ppiyagshaviniorspit seaments astchaigusaamerteUhhis feature accounts for
their excellent elastic gr.ogerties. The soft se.%men? ?re .deri&ed from the hg_drox | termf'n.ated polyether,
te f

polyester, polycSHBBRAHSNS HBORACAS IHRESHR A HIF e Hist & Sy Riesn PR it Bl9 ¥ 51 iisocyanate
and _the chain ex_taxdesioﬁhecbbvhinlmatemdnse@dwydalIg/rmﬁrﬂaéeh \aratyeofbghioaist, such as 1,4-butanediol.
For instance, U@}Ei% iﬁﬂg%ﬁﬁ‘é%&%&gf& 95&8353@%@&&?@0@%@’(%@@ Hé{@rr%éﬂéﬁ fpinated

C escribed as

polyether, a glycol chain eéxtender, and a diisocyanate. This TPU Is descri elng useful for making

fibers, golf ball &dSéerbesiondlonmaetsliaing offsroews a[odosiin inamcalpticaiomel it is desirable or
even critical for thesdhRY, utilizedom Maniactisipe suice hior kil Good shrmicabissistance,

dimensional stability, set propertigs, heat resjstance, ol%:gative resistance, and creep resistance. These
physical and ch&if AT AHAPSCEEF SRR LoD e iIsitid e that are exposed to chemicals, solvents, -

2 - and/or elevated temperatures. For instance, it is normally important for seals, gaskets, wires and
cables that are B%@lg j,guiﬁ]&i ﬁﬂi in%gﬂ gtions to possess these desirable characteristics. This is
particularly the c‘a‘s‘ég‘n_n‘dgeTrﬁée_h‘O‘O‘é—al u -the- utomotive applications where the part made with the TPU may
well be exposed¥8levatEieHisanmplrsscardysrefameslgiidersatl kaingaseine and motor oil. For
example, spark RigMiFgmaRdvAIBSRNURES L IR RIS RRRIGRIBNRAsRMIIOe both oil and heat

resistant. Seals and gaskets used in internal combustion engines, heavy equipment %ppliances, and

countless other ABfITCHRIRE AI98CH 86 B B FESEENIIT hadt SHEEsR ?E}I[E}é’éﬁf}ért% 3fttking a
thermoplastic pobmnemintosadthermidsesaatyorkds anehbkieoywitechniguaeldar fugrdwdg ahemical
resistance, dimensignal stability, set properties, heat resistance, oxidative resistance, and creep
resistance. Hoveh o e B R A8 Seehniques,
such as injectiopotiettin g2 bicheinsidmgeaneddirusisrtyrmaje aermothéresers Bieheblded into the

desired form ang,gipsedoiebe shane afthe-melfyir-aMaeiARAndNiRRRIMe, e ¢PRsUmINng, and
expensive curing technigue, Additionally, defective thermoset parts and scrap carmot be recycled and

remolded like tHERREPHERY e dIEAES el STRAT Hrddiardinensaio Ry rs@Iceyatsdht has a
detrimental enviteiresriédnnepadt. (RQEH]ddherkeisodt saankfos aclRbivibt-cantechydalkpirocessed into a
desired shape hy injection malding, blow molding, extrusion, or the like, and then crosslinked into a
thermoset mevwib o B e A chemical, soivent,
and heat resistangesnhiers idconeddtasribedsbey gesdel alihibnshomaddeadility Thethropattederaxidative
resistance, andGRenyesisiancarelalt gl seuldensficialyibe psednmaniaciwinga wide array of

component parts and articles of manufacture having improved chemical and physical characteristics. For
instance, such gﬁﬁ‘?@%%@c%ﬁﬂ&ﬁ@?iﬁ%ﬁt%ﬁ%?ﬂ@l&B&dﬁ?’fﬁlatﬁﬂf’éﬁmﬁﬁ@égﬁrz 88518ls, wires, cables,
hoses, pipes, tubam aachathemnthsdstdeyaact CORSUNPE! pedadtsdhabliayedengraveshkiigmical, solvent,
and heat resista}%ce% Tgﬁrgal'gé argcorredirngtli\é g neec Sfor %;)I' el% 1(l:s%mposition that can be molded into useful
articles like a thermdpﬁastlc Ut Which has lt1ﬁe Esirable pthysmaf'and chemical properties of a thermoset
TPU. - 3 - Sumi®is] of tHe mraneriioHJO006] ThedFRtgbdd thisvimestitiahfoo el ausitivsld &mount of
unsaturation in ts RalyaHg fackReneqnsi KoMaldaddiveRiheEmaRIastinAdueaR ke subsequently

crosslinked by exposure to electron beam irradiation into thermoset articles having excellent chemical
resistance, dim@@mﬁﬁaﬁiﬁw?&f&@ﬁéﬁi@&fﬁéﬂéﬂ@s@aﬁwdﬁmﬂf@r&%ﬁ%}gw,%an&eep
resistance. ThechEthisadthhisciememntiaiearepdieuieaciion] gy adueteadxpbsedhy dremitierminaias intermediate,
(2) a polyisocyanate, (3) a saturated glycol chain extender, and (4) a glycol chain extender containing
carbon-carbon double bonds. [0007]The present invention further discloses a process for manufacturing a
molded article which comprises (a) heating a thermoplastic polyurethane composition to a temperature
which is above the melting point of the thermoplastic polyurethane composition, wherein the thermoplastic
polyurethane composition is comprised of the reaction product of (1) a hydroxyl terminated intermediate,




- 5 - terminated intermediate contains carbon-carbon double bonds, (3) a saturated glycol chain extender,
(4) a glycol chain extender containing carbon-carbon double bonds, and (5) a polyisocyanate. This
embodiment allows crosslinking to occur in both the hard and soft segments of the TPU polymer.
[0012]The TPU compositions of this invention are of particular value when used in making articles that
benefit from improved chemical resistance, dimensional stability, set properties, heat resistance, oxidative
resistance, and/or creep resistance. These crosslinkaple TPUs can for instance be utilized in
manufacturing flame retardant articles and composite structures. Brief Description of the Drawings
[0013]The TPU of this invention can be utilized to coat electrical wires using the apparatus illustrated in
the accompanyimgl/drateiags] {@0detiRiEs. 1Her anp@nspeitiveoriradimamnianaraior deatyayaskeatic view of an

apparatus that %&P&H%ﬁ%?tﬁ%@&%@ fnd iﬁ?d'%ééﬂiﬁf’%ﬁ%%ﬁs"i@tgo?&%ﬁH&?@Q&Qﬁ%@f&f this invention.

[0015]FIG. 2 is a cross-sectional view of the tubing type cross-head die taken along line 2-2 of FIG. 1.
[0016]FIG. 3 is shreEatsiaEe-of HreltimitHguyPe Browssaaddsicthrleestadanmics DnRIPshows the end of

the die at whichhg cartps iR exiis. tretiechiaseniptierpyetdhelaventiondPehdkhathermoplastic
polyurethane of this inlention contains unsaturation Lg(ii]ts backbone that is (fapable %i:eting to form

| of re
crosslinks to proMSa HEHYSE AR SRR T GHE A8 Fi8MRiFo RIEE & 'BG m&%srﬁ%(lg § glycols that
contain carbon-sarsanadonblednonds ipiditheops lyradrods path ofl thel bhaircextendSeds thé hydroxyl
terminated inter I . -carbon.dou 0 0] imen th the chain
extender (hard e%%%ﬁ%%ﬁh@%ﬁ%ﬁ%%%ﬁfﬁgiﬁ Fg%ﬁ%%}&ﬁ{ﬁ% wﬁér ehgimat%%%%?t% é)é%glﬂn?gsnt component)
have double boftsr THIScallolbroRtihiang s ket tahesoamdrsel g and soft segments of the TPU.
These glycol chpisatendsessihatsontaimeshan-saha davhlmbands awicalitdibeform of ally

moieties, such as those present in - 6 - trimethylolpropane monoallyl ether. In any case, when irradiated

6 .
with e-beam radFSHBIT tHE AMION R FBEH U I RIS B MO TR PR Y PISBEHS 16%roduce
crosslinks betwesisdiféereridpilymsiscinainand thepliedibtines. produsiktgtieorossiirked thetmoset. The
crosslinking used in curi 1tlh1 TRU £ er sure;tq eil eam irr iv%tion, gamma
rays, uItra-vioIthijl ?Clrglsl%ﬁe sc% 5 0 afe%%?\}ggl %::3 eegl%r}% fg‘%@n}gﬁgd%mﬁaﬁog%?%% )9 éqr:l“e%h}ggél free radical
generators suchnallaph aadiedndieromearapakdhiamesey are smised e thhdeeiertfataranétc. [0018]The

thermoplastic pelytisHange afaisimyeplancan Berthevgasianrraghetaisthliadhygioxyl terminated
intermediate, (2) a polyisocyanate, and (3) a s_aturatedfgl /col chain extender, and (4) a glycol chain
extender contaifRG e ORI IEER ABuLRIBL AL LS ’fé%ﬁ?lfﬁffé‘lﬁ?ﬁg?’i}\?fﬁ% HeRENWQints are
polymerized to syytfiesizel tamdhichiiplastia@ddyticetidnel éadsangubtedrutidizinglédnyieatiddsal equipment,
catalysts, and pt%o%gg%%%§a rIl—ldohvgse\a{@gre tprr?ef?t%l“r?%ﬂ?xﬁ“&ft‘ 's1 lgloalgucted in a marmer that will result in the
desired polymer characteristics an ttﬁe needed molecular weight. The types and levels of hydroxyl
terminated interk?fihte, pbiyisiceyzaedteor arld Yahatzadbg et hesssekivrdetonitbeharijbsted to attain the
desired set of chemical ABRIRBYSISR RhRIACIekistiGsfasthe RRlymankeivgsynihasized: The
polymerization technique utilized in making the TPUs of this invention are accordingly conventional
except for the fARTTRGICASYESKCHAT SktaNter BISHARARr a5 Hisrnant SR g8 B8R dubstituted for a
portion of the satiated, gbrcaltchaimextesdenthathioukdchatnallychdyigesdidimmkiogathe polymer.
[0019]The hydroxyl terminated intermediate (soft segment components) used i king,the thermoplastic
polycrethans 5 o e L G e o RS S LR er
intermediate, a bsaiesigllyerenisrstetipolyEarvoratariterroibremp enaiiaayisterdinatted Polycaprolactone
mtermedlgte, a@ﬁaﬂﬁ%@%ﬁ%ﬁ&lﬁﬁ%@ﬁl};ﬁ)%ﬁ_'Q&Eﬁﬁﬁf%ﬂ@ﬁﬂﬁ%mm&@ﬁ'&?rﬁ&ﬂ%&%ﬁé@}@ﬁ@hed'ate can be
(1) comprised of repeat units that are derived from a branched glycol or (2) is a random copolyether or a

m ak )
random copolyéstar g SRk AR By T L BRHACH B8 Sete ik dhte¥fSdiate can be
synthesized by celietingdwopiitfe rabtalkyd dibds iadghycolsmwibhameigylene wxidehdnethe alternative, the
alkyldiol or alycelcan bebranched tonhitit crvetallzations, . 7  [00201The allyl diols or glycols used in
making the hydro>l<)y?¥erm|na ed polyether in srmediate will ypically contam from 2 to 12 carbon atoms
and the alkylenecoxideitionl thasiesl Yeaopidda fronus2ftd @tedebbkeatdrmnariiesiggyuighivhtbean be used in
making the hydigxyLigamingied RPasieIarpssiale o2l Be fliRbatisyaromatic, or combinations
thereof, and normally contain a total of from 2 to 8 carbon atoms. Some representative examples of
glycols that can be used include ethylene glycol, 1,2-propanediol, 1,3- propanediol, 1,3-butanediol,
1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol, 2,2- dimethy1-1,3-propanediol,
1,4-cyclohexanedimethanol, decamethylene glycol, dodecamethylene glycol, and the like. Some suitable
glycols include ethylene glycol, 1,3-propanediol and 1,4-butanediol. Ethylene oxide and propylene oxide
are representative examples of alkylene oxides that can be used in synthesizing the hydroxyl functional
polyether intermediate. [0021]A hydroxyl functional random copolyether intermediate that is useful in the
practice of this invention can be produced by first reacting propylene glycol with propylene oxide followed



mixtures generally have a total of from 4 to 15 carbon atoms and include: succinic acid, glutaric acid,
adipic acid, pimelic acid, suberic acid, azelaic acid, sebacic acid, dodecanedioic acid, phthalic acid,
isophthalic acid, terephthalic acid, 2,6-naphthalene dicarboxylic acid, 1,4-cyclohexanedicarboxylic acid,
and the like. Adipic acid is a suitable acid for use. Anhydrides of the above dicarboxylic acids, such as
phthalic anhydride, tetrahydrophthalic anhydride, or the like, can also be used to synthesize the
intermediate by a transesterification reaction as previgusly explained. Some representative examples of
useful hydroxyl functional random copolyester polyols include poly(butylene hexylene adipate) glycol,
poly(ethylene hexylene adipate) glycol, poly(propylene hexylene adipate) glycol, poly(ethylene butylene
adipate) glycol, poly(butylene hexylene succinate) glycol, poly(butylene hexylene glutarate) glycol,
poly(butylene h%}ﬁgﬁ%g)imﬁéeﬁl@agg%ﬁol, poly(butylene hexylene azelate) glycol, poly(butylene hexylene
terephthalate) glycol, poly(butylene hexylene isophthalate) glycol, and the like. Poly (butylene hexylene
adipate) glycol ®%8litablédhyHkoRyHisriBtigHRnspEistempbRpPi ofipeigiRtiansyrithesizing many
TPUs in accordgnigawithvthemeractise el Hirdaviketione (8024 ikaky d5a ¢l desspinaiag polyether
intermediate or the h; %ro?ﬂ terminated gol ester intermediate used in makingit e thermoplastic
polyurethanes of S TRVLRESHIE AR HADET e BEP AP RIS LASI D R MInY, as
determined by assealjeof ¢thenterinicsad thiunetibmahgjrnapsabiliighsés wothnitheheangsiodmbout 350 to about
10,000 in one aspeel, romahot 500.10.300u:2,000r0. apei0er ASPcCE M, ARRUIARjp about 4,000 in

a further aspect, and from about 1,000 to about 3,000 in a still er aspect. of two or more
hydroxyl termin&teéuiteltheditde pibiphanassdnsimakiaten 2 rPee bfserxaiienfon si002SHThe hydroxyl
terminated polyggiapamie intesmadiates pig g MRIsialiriéalaRiadionstahl kb abRgabody, MA.
Suitable hydroxyl terminated polycarbonates can be prepared by reacting a glycol with a carbonate. U. S.
Patent No. 4,13 (?%Sl, incorporated herein by reference, describes hydroxyl terminated polycarbonates,
their preparatiofioa0d howrtlegycan be etilizefiriBeratisoblysarpanratie soaraatygicalynireaniddde number
average molecy| eight of d 2IrMi ly¢ n is generall least about 500 and
typically not m(;ég {tci%‘ﬁ%%oc(gm& sgs[g%);%ﬁ?ég éf?)%r%g@ %gt?cr?#ggltlé? ﬁé%t%/c‘?g‘ﬁﬁ%t%éﬁé’ ?ntermediates are
commercially aveiitapleifrombédnipzivestsearelbiagipriahelHs romapplasicpelysrstane, Toledo, OH.

Hydroxyl termingigdRalyrapelasiones Ganpesier W%ﬁ@%@%@i@oﬁ@@é@lﬁﬁ%@@@dﬂ% a glycol.
Suitable caprolactones include c-caprolactone and methyl c-caprolactone. Suitable glycols include, for

example, ethyleﬁ?@cﬂﬂ}’c?)‘i?‘l‘}?-ﬁ%ﬁa?r@/ﬂ&’,“il,?M?ﬂéﬂ%ﬁi‘?ﬁﬁu@%ﬁ?&f?%’%ﬁf& Yfol,
1,5-pentanediolsalycatee xdyniedidiaid, 2«dimiathyl-U Ba pirapaciedicdx tdiaycohexanedboethanol,
decamethylene glycol..dadecamethvlene glycol, and the like. Methods for the preparation of hydroxyl
terminated potyo o A R e
polyisocyanate W& (p) syatiiashdretneniisimppiastdansigorampanendamhpanskdéeted from a diisocyanate.
While aliphatic giijsgeyanatgrioan badHiizemheAramptia diiarcyrnatenale jypiaalamsed in making
polymers for most applications. Moreover, the use of multifunctional isocyanate compounds, i.e.,
triisocyanates, SRR Exprodussdbsmafedsrdicis(drensdnaihigraisquticlafiyaibided and thus the
amount used, ifrasiy; isd) e esalyileshdmnasiddaatel p eregntith baenaspeititinddesssthiak tBanole percent in
another aspect,tgearsn%d jugon E)rlleu¥8t 2Jnrggcl)es szi{"}” olf %Q% %ﬁaeriogssetisocyanates used. Suitable diisocyanates
include aromatic ||so%yanart)e such as: Altﬂ)'-me?ﬁy?eneblsfghenyl isocyanate) (MDI); m-xylene
diisocyanate (X[BP0%-xylIdrie slikjoehiamentophenyis st aratiisotyaneapapheaibeardss-diisocyanate,
diphenylmethange3 3rimetpeyeédd) ndispeyanaif. anditgus e Aiiaecyanslaibhid), as well as aliphatic

diisocyanates such as isopharone diisocyanate (IPDI), 1,4-cyclohexyl diisocyanate (CHDI), decane-1,10-
diisocyanate, ariTHREBhERIARTS HRaNE heAnetisdrpab e Hrsro R GrRbd st irRe above diisocyanates
may also be useongsyiithasiekienteahéimioplasioe Bisatyanaies suiaybl tseapri§aBidhe

polyisocyanate used in this invention. may be in the form of a | ecular. weight mer or oligomer
Ihich 5 and oo B e L T T S A BT cermectnte
described aboveamechglpsatebaimiticadeisony dhatelgoniteiningxtompounthiwr eafeonr low molecular

weight polymer eng,capRed ¥ithsSes¥apaitdmihgcHabp BsiSHaumaiatials apesnimallyareferred to as

pre-polymers. Such pre-polymers normally have a number average molecular weight (Mn) which is within
the range of ab80t S ¥5bbLkrogine de“—”[@ﬁ%i%@l?ﬁ K7L tBf the BBk i8diisocyanates is
generally from ahatiod195itgalpotstiaiibcihpositaspegrandfiamabeu R84 @abauihd Q8 moles per mole
in another aspect, of the total moles of the one or more hydroxyl terminated intermediates and the one or
more chain extenders. [0030]The glycol chain extender used in making the thermoplastic polyurethane of
this invention will be a combination of a saturated glycol chain extender and glycol chain extender
containing carbon-carbon double bonds (unsaturated glycol chain extender). The unsaturated glycol chain
extender will typically represent about 2 weight percent to about 100 weight percent of the total amount of




R2 HO-R1---C-R1---OH 13 wherein R1 groups can be the same or different and represent alkylene
groups that contain from 1 to about 5 carbon atoms, wherein R2 represents a hydrogen atom or an alkyl
group containing from 1 to about 5 carbon atoms, and wherein R3 represents an unsaturated hydrocarbyl
group containing from 2 to about 10 carbon atoms. R1 will typically represent a divalent alkylene group
that contains from 1 to 7 carbon atoms in one aspect of the invention and from 1 to 3 carbon atoms in
another aspect. In still another aspect R1 can be reprgsented by the formula: -(CH2)11,-. In many cases,
Ri can be a methylene group. R2 will typically represent a methyl, an ethyl, an isopropyl group, or a
normal-propyl group. R3 is typically a monoallyl ether group, such as a monoallyl ether group of the
structural formuéapef@ig 4 in@HEHZCdedC 2, tovklecetm beimithveafidation] aecalsshgkrdpresents an integer

from 1 to abo“ttﬁé&%ﬁﬁﬁ%%%%&@%afﬁ?'Ib&lﬁ&r?ﬁlﬂl ANGPEHARBEnld {3 If)}f@&%%l: TRE hdQugpresent an integer

from 1 to 3. [0035]In one aspect, the unsaturated glycol chain extender for utilization in the practice of this
invention is trim@&tfylolpropane monoallyl ether. Trimethylolpropane monoallyl ether is of the structural

formula: CH2-CidGobiO-Clrige Grisén? it fabi2e@fdd drée i higrandsifoc amnakgialhs avaiialle from a variety
of sources. [OOB@In the embodiment of this Fi;lvention where a hydroxyl ter{)ninated intermediate that

2 8‘&%‘2‘8’6&8@&1 TIPSl TR (B Y6 IR BB A IR YRE S it will be utilized

contains carbon
in conjunction withdadga titmateduiiygraxdydrmdBastie pninatetiantenmeokateniwkighthesmipisetieTPU. In other

words, the hydr A I inter ' A in; in P Nl be0 mi eof urated and
unsaturated hyﬁ%yﬁ%ﬁhﬁ%gﬁgﬁrﬁﬁgﬁgg?%@ %@tmﬁé&f&%ﬁgr@ﬁ Pe%%g%%{d% n’t@raﬁediate will
normally constittiérated gigooh@igihependsntaniie sl eioniderdinetddiHieradwiate with the

saturated hydroxybigravinatashHatermesiate e serbnadmeigirercentita A weaighkpercent of the total
hydroxyl terminated intermediate. In most cases, the unsaturated hydroxyl terminated intermediate will

constitute 20 to 4B R HAERFRGHE toRECAY PSR R SR Ve AR WitredhS saturated
hydroxyl terminatedgniermadiabeatice sentipdy 6@ weighipesabatiio B0itveight tpercsatief the total hydroxyl

terminated intermedi I e.aspect, the unsaturate roxyl terminated intermediate. constitutes 5 to
30 weight pe rcet%%é?tggeertlgtogiﬁ]ﬁsy}%rgé%ﬁrépln%?nzﬁ(ﬁﬁos}ﬁgnw%%é/&é OIKEO L WllJQggdl I{Eexg’ A

. . intermediate with the saturated hydroxyl terminated
intermediate reteseritipg TOwtdehtisdpauatuscabiei bt perearcaictheotdig hgmaxanéinated

intermediate. [003 M ONE ASReE:AINR NGRIOR IS UnsaHBledhyH ) ierminaledintermediate
utilized in making such TPUs are typically of the structural formula: 00 lllIC R, C 0 R, 0 HO 00CHOO

1721111 R, C 0 RIERADNFJIEROREHIARNY U FERRS G9RPREIHOHRA R igpmase) and to produce the

coated electrical wire.

[0010] In another embodiment of this invention, double bonds are incorporated into
the thermoplastic polyurethane composition by polymerizing a hydroxyl terminated
intermediate that contains double bonds into the backbone of the polymer. The subject
invention accordingly further reveals a thermoplastic polyurethane that is crosslinkable
with e-beam radiation, wherein the thermoplastic polyurethane is comprised of the
reaction product of (1) a saturated hydroxyl terminated intermediate, (2) an unsaturated
hydroxyl terminated intermediate, wherein the unsaturated hydroxyl terminated
intermediate contains carbon-carbon double bonds, (3) a polyisocyanate, and (4) a
saturated glycol chain extender.

[0011] In a further embodiment of this invention, double bonds are incorporated into
the thermoplastic polyurethane by using small amounts of both a hydroxyl terminated
intermediate containing double bonds and a glycol chain extender containing double
bonds. In this embodiment the TPU, that is crosslinkable with e-beam radiation, is
comprised of the reaction product of (1) a saturated hydroxyl terminated intermediate,

(2) an unsaturated hydroxyl terminated intermediate, wherein the unsaturated hydroxyl



wherein A independently represents -1210H and a moiety selected from the structure represented as
follows: - 14 - HA CH /2 -RrC-R70H CH /2 0 CH /2 HC CH2 wherein RI, R2, R3 and R4 can be the same
or different and represent divalent linear and branched alkylene moieties that contain from 1 to about 10
carbon atoms. In one aspect, RI, R2, R3 and R4 independently are selected from methylene, ethylene,
propylene, butylene, pentylene, and hexylene moieties. In another aspect, Ri and R2 can contain 4
carbon atoms (e.g., butylene) with R3 and R4 containsng 1 carbon atom (e.g., methylene). In still another
aspect, Rl is a divalent ether group represented by -R5-0-R5-, wherein R5 independently is selected from
a divalent alkylene moiety containing 1 to 5 carbon atoms, and R2, R3 and R4 are as defined above. In
one aspect of therimvetetiontcthedatiocohtainy carbgesirbon dbadut Baialalidus SByufrehgpolit 1 to about 30 in
another aspect, from.3bayLs ip S‘gg%?c%%séﬂ eﬂﬁgﬁbgﬁtﬁﬁﬂf‘g‘f&%ﬂ _LomARQI Rotpiahpyt 20 in a further

aspect; and y is an integer ranging from about 1 to about 20.70038]In another aspect of the invention, the
unsaturated hyd?é%;ﬂ‘tb@ﬁﬁﬁ?&t@&nTéfFr?é‘éhﬁ%%l?éééﬁeﬁlmbéaé? afreitdibyeshEnents: a) from

about 1.5 mole %f{@eghgﬁgﬁmpi@%&iﬁﬁbpnsaturated chain extender selected from a compound

represented b rmula: HA CH /2 HO-R7C-R
P y E&%E? The TPU composglons of th?s invention are of particular value when used in

making articles that benefit from improved chemical resistance, dimensional stability, set
properties, heat resistance, oxidative resistance, and/or creep resistance. These
crosslinkable TPUs can for instance be utilized in manufacturing flame retardant articles

and composite structures.

Brief Description of the Drawings

[0013] The TPU of this invention can be utilized to coat electrical wires using the
apparatus illustrated in the accompanying drawings.

[0014] FIG. 1 is a perspective, fragmentary and diagrammatic view of an apparatus
that can be used to coat metal wires in accordance with one embodiment of this
invention.

[0015] FIG. 2 is a cross-sectional view of the tubing type cross-head die taken along
line 2-2 of FIG. 1.

[0016] FIG. 3 is an end view of the tubing type cross-head die illustrated in FIG. 3

which shows the end of the die at which the coated wire exits.

Detailed Description of the Invention

[0017] The thermoplastic polyurethane of this invention contains unsaturation in its
backbone that is capable of reacting to form crosslinks to produce a thermoset network.
This unsaturation is introduced by incorporating glycols that contain carbon-carbon
double bonds into the polymer as part of the chain extender or the hydroxyl terminated
intermediate may have carbon-carbon double bonds. In some embodiments, both the
chain extender (hard segment component) and the hydroxyl terminated intermediate (soft
segment component) have double bonds. This allows crosslinking to occur in both the
hard and soft segments of the TPU. These glycol chain extenders that contain carbon-

carbon double bonds are typically in the form of allyl moieties, such as those present in



CH/20CH /2 HC, CH2 - 15 - b) from about O mole % to about 50 mole % of a diol selected from a
compound represented by the formula: HO-R1-OH ; and c) from about 45 to about 49 mole % of a diac d
represented by the formula: 0 O Illl HO-C-R7C-OH . wherein 121, R2, R3, and R4 are as previously
defined. It will be recognized by the skilled artisan that the total amount of each of the components
making up the unsaturated hydroxyl terminated intermediate will not exceed 100 mole %. [0039]A suitable
unsaturated chain extender is trimethylolpropane momgaallyl ether (TMPME). [0040]Suitable diols include
but are not limited to ethylene glycol, 1,3-propanediol, 1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol,
1,7-heptanediol, 1,8-octanediol, 1,9- nonanediol, 1,10-decanediol, 1,11-undecanediol, 1,12-dodecanediol,
and mixtures thereofigo®tjSaitableditatotrylidresigsasdisham ayabatodedtbiohenorinimiixtures generally
include but are ot limiied 10, SHGGIRE ﬁShQ}_s %HFRB'%@%‘PU%Q%B{%%%&%H GG AcIESYRRUC acid, azelaic

acid, sebacic acid, phthalic acid, isophthalic acid, terephthalic acid, 1,4-cyclohexanedicarboxylic acid, and

the like. Anhydri§8scsh tHE PR WiBgTsbRpRdbRISP SUBHs I Qslaeiagie eivpsiaé thewmassdrophthalic
anhydride, or thenlikgo&ainiaisabe) usestia syothasize hisinatmediate v Al orastarfication reaction as
previously discussa.d.. 0042]In one aspect, the urgzturﬁted hy%rox%! telrm'nated intermediate can be
made by placind 3Rtk YR EARGE PR GBS SE7E Ui SRS PSRRI agitation, heating
the reaction meflivmlbetneeon apohtieCte abiiual 20001 atcsndientipessuredarairoict 3 to 8 hours, and

removing any W&H%&m t 552 (gg&gﬁg %(as %ﬁg@@%ﬁgﬁg@c&gon catalyst such as tetra-(2-ethylhexyl) titanate is
added and a vacuum 5%115 mm é& IS’ - 16 - optionally applied to the reaction medium to catalyze the

reaction. The rel@848h meldiathaaneakisls pelveshaapelhvorens apsatz1borestganedased water is
continually remgyed wntiiaxAcidhivmbenRelouwiaRow) Q polsiokiningd; JA943]T hauglysp! chain extender

containing carbon-carhon double bonds (unsaturated glycol chain extender) and/or the unsaturated
hydroxyl termin&tstP & e - BRtdi) ﬁ&ﬁééi?b8?%%%8%85‘&?&%“8%&%@8‘&%@6’%QO&EE’d to make a
very rigid TPU, bétek. rdtertechiiigas ade ndinbahieag resianhe: yetymigided Rl syatinade thy reacting a
polyisocyanate it | chain extend ' n lly : ight perc f polyal (hydroxyl
terminated inte r%r@r{%?c“%a%%\égl%pg rglél %g%égtl,stﬁém\%&r%%%ﬁ@ f%ﬁf%%ﬁé?ﬁ%ﬁ%@%ﬁen%% %’%ﬁ’ ﬁ%b%r%ent polyol,
and in another &spredusrosorgutistinesbmanaivyaryongi TPy polymer thrhellagswgia e U polymer
has a durometegiaednRsamRt greniatiban SRiStoieRiMII&AaPeeigarepigriparff share D in another

aspect, and about 85 Shore D.in a thither aspect. The glycol chain extenders, hydroxyl terminated
intermediates, &hdBBREbETRTEEULE LRI N aGis AR SHUBSI & YRR FHBYPU polymer is
made up of predaihieatlythard htewkisedsvientsdrn6tieasee ahdphyidcall dharatelageks torahother aspect, if
no hydroxyl terminated,intermediate i d. These tvpes, of TPU mers, without t rbon-carbon
double bonds AP B g A R teriats, e
under the desigpiiisnibiersitslast@andndis-sm aig] fsogA Ry habuiththy Ehsettbrof the saturated
glycol chain extendgiwilbhifieighvcebshainuexigndss caniainingsaiRankarhandosle bonds and/or by
substituting a portion of the saturated hydroxyl terminated intermediate (if used) with the unsaturated

hydroxy! terminSBtiaiteshierlichaindragngry B pudanroaliphe (bt mddrstbansly8iosure to e-beam

radiation. The cfoeHinked tigid dribky Métinhiave Einbameadpope sigscauchnas iedscedset, reduced creep,

and enhanced ch mic?ILerfhsistan?e .Sug@lﬂggﬁi Rgodugts are yseful in Pi)aoqieﬁlz)epI.icationcﬁa%uch as medical
ra e

o t a hiyd { t t 5 .
applications and indus ae[r)rf)lﬁgaiatsléﬁg ental retainer mo |negr¥snglﬁeea ampllé1 of the use of the rigid

TPU applicatiort jodes)T tesmprstedspolygstodnsenhdiare o lpdipma tafinridhve htgerperateutilize conventional
TPU manufactuzing fQUURMERN abRe1 iyl deuRingtetRoleihahirigrnedintax thediispeyanate, the

saturated chain extender and the unsaturated chain - 17 - extender, are generally added together and
reacted in acco%&%@Wmﬁf&ﬂ?&ap&ﬁmﬁwfﬁ%&@%@%@%ﬁ@ﬁ%ﬁ&f@gﬁ%bmliﬁ%#pu forming
components of the:presenthinventianaderomwel palumeariZecoinaSyitabismiixaomigktias amninternal mixer
known as a Banbury mixer. or.in ap extruder. In one process, the h airox | terminated polyether
intermeciate io BoLCIRq NS eT g er S S e SR SRS 2 blena. The
diisocyanate is avidiar deigaanbiysimtinsiesdicsacSudtbinal processinyg diopolyaleritatioh starting
temperatures of,fag dilsacyanaieare:fram abaut- ARGt Aot 2ORG M pRERERE GindRd from about 100C
to about 150C in another aspect. Suitable processing or polymerization starting temperatures of the blend
of the hydroxyl fé}’ﬁﬁﬁqéﬁ@ti"bolyether intermediate and the chain extender are from about 100C to about
220C in one aspect, and from about 150C to 200C in a further aspect. Suitable mixing times in order to

enable the various components to react and form the



TPU polymers of the present invention are generally from about 2 to about 10 minutes in one aspect, and
from about 3 to about 5 minutes in another aspect. [0046]A process to produce the TPU of this invention
is the process referred to as the one-shot polymerization process. In the one-shot polymerization process
which generally occurs in situ, a simultaneous reaction occurs between three components, that is the one
or more hydroxyl terminated polyether intermediates, the glycol, and the diisocyanate. The reaction is
generally initiated at a temperature of from about 90C;to about 120C. Inasmuch as the reaction is
exothermic, the reaction temperature generally increases to about 220C to 250C. In cases where
ethylene glycol is used as the chain extender, it is important to limit the temperature of this exothermic
reaction to a mdf02im oflA85 & tbdpris e yrothasicd dnl evadlis oftfobydrioyh@tiomaidde dipdthpolymer will exit
the reaction eXt[Ht‘éﬁﬁé}fi‘er&iﬂ%”@EeE calBiPEORLS & F&hass NOF0alY SIored i afisaiedivessel to

continue the reaction and to (Fjl% he TPU pellets. [0047]It is often desirable to Utilize catalysts such as
stannous and othif#HE AiFHE/ st hen HenpertiEts disiie aEsanbp s dfmiearedisoxylate

catalysts include,stasyodmiciatpo Kikutyiir dilateaPheniimer s Aropipeatdileashoctoate, iron

acetylacetonate, magnesjum acetylacetonate, and the like, Examples of tertiary amine catalysts include
rothyteneamint 10 (6 FRETSRECHTHBO AL IR0 BHE BFhiGrs At SCrE NSTWNgSHoraly from

about 50 to apomﬁaixﬁﬂbpaftglmow&igiﬁap@mﬁH&bimqbaxtesethyMt&igl}toof,thé—pnﬂdﬁmippdlymer formed.
[0048]The We'%[}ltog\c{%égf Wﬁ\%ﬁ%@&i‘éﬁeﬁﬁ‘ﬁoﬂ}@ﬁ@d%tﬁ%- ErHaRé’iiYJI]‘%[6%%&%%&?81‘,%@055““ked’ of the
present invention range from about 90,000 to about 600,000 Daltoris in one aspect, from about 100,000
to about 300,008 mAkdNs I Emenseiohdptel g FroediasBlanal deopn b des g 280,000 Daltons in a further

aspect. The MwjgfidhentRiRelyma) isdn8RIWNEdR6EOIGHA011 g ReRmIERIQR MO Raegraphy (GPC)
against polystyrene standard. [0049]When a hir%her molecular weight TPU polymer is desired, it can be

achieved by usitg B"ePARAGHhEhE-874 BPSLOkinkiRY RGP AAT G BRY SRS XY e ctionality greater than
2.0 to induce cragsdinkiatgy.e kirengrtes oifitibdy tnasexlidds dgageanicused iis sasbatizing2mblelpegient of the total

moles of chain %@pqieti' Qng aspect, %nd? less than 1 mole percent in another aspect. One method to
increase the m()%f‘ecu]l%ram%dﬁt&}rew é%PUeplo §/'mer is to replace less than 1 mole percent of the chain

extender with triRf2Hylolphdparermfiquosedee eopeky dhringsedtsaipisiseddyl dtthng a cross
linking agent h%@M@B@%E@ﬁ@eﬁﬁ@ﬁ@@ﬂ@@tﬁﬁ%ﬁ@é@B%@t@e@p‘ﬁ%ﬂ@&l@ﬂ@ dhednydiexyl terminated

intermediate, the isocyanate compound, and chain extender in the reaction mixture to manufacture the

TPU polymer. THEPXIRBUM 67 SULY fhRiny A aninh Sg R e PetRriSRe G re B RRES e P U polymer
will depend on thentdesiied poblgcupgteneighiland the elffetiive rpsssaftinieqartiopilar «ross linking agent
used. Usually, less than 2.0.mole percent in one ct, and |less than 1.0 mo reent in another
aepest. based coS LB B R R RS ot Lovets of

cross linking ageely grearéehzyecd andlegheearnddadest sihenetintal. gisidkedikehain extender would be
difficult to melt prgcgssahhigieiRce b iepe) of SLaasinkingorgeRhbsahip SIAMhalRd-R» mole percent

to about 2.0 mole percent based on the total moles of chain extender. [0051]The cross linking agents can
be any monoméHit Brutitenibrit raen A AR Hae S AV ARYE AfActionality of greater than 2.0 and
have the ability faoeedss liHkdtes yl Richfiadyaah emnductboprdyesial Snasenadilknawmédithdaital thermoset
polyurethanes. ; 19 - In one t cross linkin ents.incl rimethylalprapane (TMP) and
benrasnytiitol. DL e B e R PSR S et
[0052]The TPUpeiydiesbotiheasiesentihyéidRonccap) bermixsdlichticariowsieoniertional additives or

compounding g/ nBME 1%@%%%@%8f§wﬁ@l‘%§¢ Qﬁﬁ&‘é%é%erpmf%@%ﬁ@i%@ﬁé’i@&%ﬂa’\ﬁ@bsorbefs, flame
retardants, and the like. Fillers that can be used include talc, silicates, clays, calcium carbonate, and the

like. The level ot EsPRIBBiTASddRlCs shitdlepr e Wanghs ditenBHh eI Wo 1BF the desired end-use
application, as isydietkKnemtintacthage Skiilediirethe diteof compounding TPUs. The additives may be
added during th tionto form the TPU, but are normally added in a second compounding step.
00531 he TPULSF s IS an a1 e AR B a1 BuRemer and imlustrial
products havingerimgiedy e lbeshot hedte divdnaicaly ebtithalvembeasistansmtiTisisiing discomplished by
melt processing,the.kFlLipiR e Aasiee: sHvaHg.ANdriRen SRRSINGILR |lefifankeahiradiation to

crosslink it into a thermoset of that design. Virtually any melt processing method can be used to process
the TPU into a d¥STR3RQRIRatPd toRabIester Ferpts it B i BrEE eSS iRhabier dsiat hjection
molding, compressiaibinglaidghaastinguitie suborglifikvidlewitg nthebnadarmuig, dlow molding, and the
like. For instance, the TPU can be extruded into a tube or hose of virtually any diameter. It can also be
molded into the shape of a seal or gasket. After being formed into a desired shape the uncured TPU is
then exposed to electron beam irradiation to crosslink it into a permanent cured structure. [0054]The TPU
of this invention can beneficially be used to coat electrical wires that are exposed to elevated
temperatures and organic solvents. This can be done by applying the TPU of this invention to the bare



invention to make coated electrical wire is illustrated in FIG. 1. The apparatus 10 generally consists of a
filament payout device 11, a filament preheater 12, and extruder 13 equipped with a tubing type
cross-head die 14, a quench bath 15, an electron beam source 19, and a filament take-up device 16. As
shown in FIG. 1, the bare wire filament -21 - 17 and the coated wire 18 are broken at points 19 and 20.
At the bare wire filament break 19', when this apparatus is used to manufacture magnet wire,
conventional wire drawing equipment can be installecg Thus, an oversized bare wire filament 17 can be
reduced to the desired size by utilizing drawing equipment prior to coating the bare wire filament. The
filament preheater 12 in a specific embodiment of the process of this invention can include an annealer
whereby the affedtsuofsdrawinidythe bartetaviog fiilemyetot I0r sttetehingdtaodinbiddimipatedadin other specific
embodiments in,whigh g %Hg?é e 1SPEINY YRR IQMPIIIRAGIUIS COMRSL Wiig 18, additional coating

devices and hardeners can be inserted at break point 20" so that successive coats of various coating
materials can bé@ﬁfﬂ@él%h@%t&\%ﬂgwbamaﬁww itril.cersphtielis dpidrmherIpBalEnse filament
pay-outddevice &i’kdﬂiﬁlidﬂ@cs?@ifpgﬂc%l&{gﬂﬁ&&&%bﬂ[@Mﬂ?aﬂ@f?@ﬁ{cé7A8i§IgﬁQdi ithe ?pool 21is
mounted on a spindle 22 of the pay-qut device 11 so as to rotate freely in the direction of arrow 20.
Operatvety asoBtIAR S G T B s B 3S e IR e RO B ool 21 as the bare
metal wire filamanitydinids, betaigy drolpdchihie redrpdnidyy thenéildmenntake hepisteMicsybtsdzashto prevent
entanglements..|p accor | process of this i tionJtis high ssible that in an apparatus
used for the corh}{rgﬁergg{?qrﬁg%%fﬁ%%%g%ﬁ g(%(glgricezig\t}vgrea%%?eocg%#ee%{}e%ﬁ%ﬁgn% are being rolled, drawn
or otherwise redeREE MRS IvECHHBMPARIEHE PRIRGUOBeVIRstonddpnsent 6pRplEesiss effitated, since the
remaining appajaiacanReudaest iR-corhO AR MMTE Hlam Bl A AHIMQYRIYIR@ SIBNIS B3iss as the bare
wire filament is supplied from such a roI,Ii?cg and drawing device, The spool 21 in thii’ir Instance can be

replaced with oR8 OPFBHEEARVISBHAVR ﬁ)lgg'r‘é)bvﬂ‘é)??% KRE iR ARSPRAE 8 F e rolling and drawing
operation to thepfilathentqreitastenclctininstaheel pdidtertyientilamelhpalHatitdgericelll is eliminated

and rolling and r%@/\/{%ﬂgjﬁgg&@yﬁ% eigfﬁn%ﬁp%)igﬁ(ﬁoﬂi%qﬁég ,liénig ﬂ%nxe%rﬁgg% iﬁ%ﬁ% an(gkealer to be included

. ) 1yC . .
atpoint 19in o Iminate ects are wire filament r?/g the rolling and drawing

operations. In sbel@rtveesdtsndepeisohtiplapogliseltoripardileacdewnisg wrplhratire filament 17 left
the annealer, it jg,RessiRleHOIRIMINA LS eeerlgTdhe lipmeniRiaheaighdisle T ditgment preheater 12

is used solely to raise the temperature of the bare wire filament 17 prior to the application of the coating
material (TPU) BYPtHERISRY B/pEtrobehiond dierion in TGS B ahb bR Eht SRR fvention
illustrated in FIGuith, thepra@ite efalicénuaaibio preheat the bare wire filament is filament preheater 12.
However, in oth bodiments of the process of this invention., an apmealer cquld be used to preheat the
pare wie lama L he 1A e B et by
passing it over hebyrsikeratdrmsdsthasahibodimerihethemamestic panesgtbints daghipedasighed to heat the
bare wire filamepfibysimRhsUINNG AN Slactticalceaisianas aall pretrRhRlikpMarnsfiape through
which the bare wire fﬁiment travels before going to the tubing type cross-head die 14. [0060]The extruder
13 will normally e BRI SR FHARHATHERA VIR B4 o TR bos PR L BRRBOEHEI Which will be
used to coat thehasiepseetabmisddilefne ni.abovilb Al60 iganetaiiadpe @ quippasbuvitioGaepubopt 25 for
transporting the  TRU.cq sition from material r ir 24 in tubing, t crgss-head die 14. Pump
25 will usually b%oprbl)\}rér%rﬁ{/)r%ef)ﬁs foc m%nt%?%{ %gﬁjgﬁﬁ%g)na_%ué%’p ied 1o 1 el}é?reﬁigaﬁﬁle {}ir?)\ugh a vacuum
line 27. If so debirad o4 tescorumesuny ean lsemioripdutisantidedeymoive wotiig male trotBlhead die 14.
[0061]The tubingrtype RrQsshead die 14 is more clearly illustrated in FIG. 2 and FIG. 3. The die cavity 28
through which the bare wire filament 17 travels extends throughout the entire length of the tubing type
cross-head die. [¥e2irpuU'dspySoesD et REIKGRP R LR RiEAH IS AR APTPSEped into the tube
extrusion cavitya28ilabhefhates e ffarepépotirMato shiatie pakrty 2 &ahifgeantrance opening 31 of the
die cavity and exits the die at the exit opening 32. . The TPU composition 30 exi tubing type
ctose-head die B T8 TG SN B B0 KA TS P CE o e e LB pe. cross-head
die through the #iBihgExinopeningBB:riicbiapseencponsaneeahydrikthtsiziratedetal wire coating it
uniformly. The thhe af bRiCAMRGRILAR IR SXHYLST iRSLGh B Wa that §3HrsenRas shahare metal wire

which is exiting the tubing type cross-head die and collapses upon it due to the vacuum being applied to
the die cavity 28HfUYHFAELTIRG THBYE? YHrgeaIRipRIkY BFiEl tbed tYdSRiARAPU onto the wire
filament 17 is alselcattsedibyisherrehssiorst theul Bl eampeisiiomto ihedansa suEal wire being extruded.
Due to the fact that the bare metal wire is exiting the die at a higher speed then that at which the
thermoplastic composition is exiting the die as a tube which surrounds the bare metal wire, the tube of
thermoplastic composition is stretched and oriented as it is being applied to the wire. - 23 - [0062]In the
embodiment of this invention illustrated in FIG. 1, the hot coated wire 18 which has left the tubing type
cross-head die 14 is rapidly cooled in a quench bath 15. Such a quench bath is not an essential element



Example 1 [0070]To a three-neck glass reactor equipped with a over-head mechanical stirrer,
thermometer, column condenser, and receiver is added 232.23g (1.59 moles) of adipic acid (AA), 160.38g
(1.78 moles) of 1,4-butanediol (BDO) and 8.07g (0.046 moles) of trimethylolpropane mono allyl ether
(TMPME). The reaction medium is heated to 150C to 190C at ambient pressure (5-6 hours) and the
generated water was collected. Then 100 ppm of transesterification catalyst tetra-(2-ethylhexyl) titanate is
added and a vacuum (0-15mmHg) is applied while the reaction medium is heated to 190C to 200C. - 25 -
The generated water was removed until the acid number becomes less than 0.5 (3-5 hours). The final
polyol has hydroxyl number of 62.21 (-Mn of 1803.6 g/mole). Example 2 [0071]To a three-neck glass
reactor equippe@@iith a olier thelackpheshamical stisrentharmenetencdolterurcanaenses]land receiver is

added 212.66g {{,16,f09l65) QLA 8K LO0); &%81%9#&5‘%8:@% &8 sOfk: MBiigneglip! (BDO) and

16.69g (0.096 moles) of trimethylolpropane mono allyl ether (T E). The reaction medium is heated to

150C to 190C a&imﬁmé}ﬁﬁ%m@qe@m@@%@%bejeﬁeréﬂéﬁrwat@nwﬁg EoreletseneTigh 100 ppm of
transesterificatign GatalystitgiiadZeiahrxyhiiianaia R Addad andRMAUWAOLLRINHO) is applied

while the reaction medium is heated to 190C to 200C. The generated water was removed until the acid
number become¥ i@kl #¥sPly. B Bds gt rspmnte fil eﬁSl%’dFﬂ’aé AYRIPBRYFHOMbEPEIPA?EI - Mn of 2361.9
g/mole). Exampieg%ﬁ%zaﬂplmthﬁeereaﬁﬂklgmfmm eguipRacdwinxaserehgad, pechanical stirrer,
thermometer, column co d nd re ed 2 es) of adipic acid (AA), 149.34g
(1.66 moles) of11 i %nl?té(r)r]]é iol ?O(% nrﬁ%%s‘ingféti&ﬁéetﬁ #ofpr%r}}éﬁg% mono allyl ether
(TMPME). The %ﬂ@ﬁmdﬁédidm |Mhélatt§choﬂl6allg@@f aydimbibistipresisdre (5-6 hours) and the

generated wateﬁmlﬁg[g%gggs FPEBL09 PR Transesiebfigatignigatalyst tetra-(2-ethylhexyl) titanate is
added and a vacuum (0-15mmHg) 1s applied while the reaction medium is heated to 190C to 200C. The

generated wateFA24 rembRrcRPlmAHEAE LI bt stans dbe SssmeaR iSRS TRBARE)*2he final polyol

has hydroxyl nusabele @t 8&th {-dsoofahack4. ﬁ&gérmlqiﬁ)uExamp}erﬂté@@Z@]%mﬁlﬁmeerae@&egIass reactor
equipped with a, aver-h d me amPaI stlrrerhb%ermo eter o um e aser, Wd receiver is added

220.899g (1.51 mofesy a |?)r|% Rig'(AA e‘h% n(glpﬁ mer egf ot 3p Butinet (B)e and 81.07g (0.47
moles) of trrmeﬂhylo%r@banleﬁmmgrauwfemeatﬁwpn@dﬂ he.reastionntesietn, lwfhela@eds@o 150C to 190C
at ambient IOreS&H&Ssﬁ%b%'b%Hﬁhﬁ‘@%@&ﬂﬁﬂgr@%@QeW&E@FyVX@&&éEﬂ'ﬁF&%S eGmd st PPm of

transesterification catalyst tetra-(2-ethylhexyl) titanate is added and a vacuum (0-15mmHg) is applied
while the reactiéRYrie 8RiTaDHESER G YOO IOt OThsishardises Witer WA RSFREIER until the acid
number becomesdgss atklﬁetooaséa—ﬁpbﬁ)urs)otﬁhﬁléleabpgly&ﬂthasdi\msqw&mm&arsea 68. 12 (-Mn of 1647.1
g/mole). Exampée : 90 4 To a tpree %ck I%Ias reiactor éag g with p nlcal stirrer,
thermometer, cOlUMn condenser, an Pe%&vé“r%"a ded’ G (£ 6 mole q%ernad.? cy d (AA) and
295.869 (1.70 mﬂwle@)laibll“iM@ﬂhymlp}’@ardemnm&II@KEiB&eMWﬁH\AE?odShBateaﬁtmlmedrém is heated to
150C to 190C ajamlientPIRsRHIRR- ?%ﬁ%&féﬁ%&hﬁlﬁ?&;ﬁ%}ﬁ\éﬁﬁ WasGRigCier. Then 100 ppm of
transesterification catalyst tetra-(2- ethylhexyl) titanate is added and a’'vacuum (0-15mmHg) is applied
while the reactiGHSefeandth /A t@&ﬁt@@@@%f’z@@ TheY gbtietapBefif dtispyareFenieffetf until the
reaction is monmﬂxbuef@ﬁ@wmmqwm nmnﬁer&%kwwﬁ&bcw@fm@}miyaiéaa&acmnumber of 4.98 and
hydroxyl numbeJ of 67.42 (-M gF oIe F rther reactltonls decre gse the a %number below 0.5
range resulted gelsa Xanall—fka ?gt%] a?r?ree heléﬁcé?ggse real grrseaélwﬁbnee With'& over-head
mechanical stlrr:émxthénmmems ooluatte bondahsenctnd sdtaiver isaddeth# LnidRga(@i86 moles) of adipic
acid (AA), 325.044,(3.Q6:3 moles) of diethylene glycol (DEG) and 38.47g (0.22 moles) of
trimethylolpropane mono allyl ether (TMPME). The reaction medium is heated to 150C to 190C at
ambient pressul8%28ls holikePahdspseagaisarsted hiaraaoeamcted thsdhmoy pp of transesterification
catalyst tetra- (Z@Mmexw@@ﬁaﬁar}eﬂe@eeﬁgomd @hvacuwﬁu(&pb%mmkﬁ%lfs@d@@ﬂa@ vrlwe the reaction
medium is heated to 90%300? The enera water s re oved til the acid numb(er becomes
i B

less than 0.5 (33 H8UFs)" 56k F?&sp?l%ﬁ Pﬁmﬁw V%f%( Bitiole).
Examples 7-14 Y00:/6] Emamp%c%ﬁmmmglmnmewm@mMIM ﬁblscsianthe@mmblmﬁenmdaturat on
present only in the chainexisnder hardizeanent) JRHheRs SXamRIs S Ay RIERIdIdN,s 37 - temperature
melt polymerlzatlon is used to’make the TPUs synthesized from the components set forth in Table 1
below. The polyRstlyiyRis!(Sy mért@évmemm%?& prpdeyhes %ﬁeaﬂrarwléﬁré%rdﬁ@t (M blend is mixed
with molten 4,4'q dighgryimeathanendiiseayanaeo(d Mpand wacted at an initial temperature of 190C. The
TPU polymerization reaches completion in 3 to 4 minutes. Compression molded plaques are molded from
the TPU and cut into smaller pieces weighing 1-2 grams and subjected to Soxhlet extraction in THE
(tetrahydrofuran) and solvent dissolution in NMP (Nmethylpyrrolidone) to determine whether the TPU is
soluble in these solvents. [0077]In the THE Soxhlet extraction procedure, the TPU sample is immersed in
the solvent and extraction was conducted at reflux for 6 hours. After the extraction the sample is first



- 28 - Table 1 Component (g) Example No. 789 10 11 12 13 14 MDF 68.49 68.49 73.60 62.42 76.84
69.94 169.09 78.03 PTMEG 10002 116.90 115.00 PTMAG3

-10 -

[0029] The mole ratio of the one or more diisocyanates is generally from about 0.95
to about 1.05 in one aspect, and from about 0.98 to about 1.03 moles per mole in another
aspect, of the total moles of the one or more hydroxyl terminated intermediates and the
one or more chain extenders.

[0030] The glycol chain extender used in making the thermoplastic polyurethane of
this invention will be a combination of a saturated glycol chain extender and glycol chain
extender containing carbon-carbon double bonds (unsaturated glycol chain extender).
The unsaturated glycol chain extender will typically represent about 2 weight percent to
about 100 weight percent of the total amount of chain extender utilized in synthesizing
the TPU of this invention. The total amount of chain extender is, of course, the sum of
the total amount of saturated glycol and unsaturated glycol used in making the TPU.
Thus, in this scenario, the unsaturated glycol chain extender will represent about 2
weight percent to about 100 weight percent and the saturated glycol chain extender will
represent about 0 weight percent to about 98 weight percent of the total chain extender
utilized in synthesizing the polymer. The unsaturated glycol chain extender will more
typically represent about 5 weight percent to about 50 weight percent of the total amount
of chain extender utilized in synthesizing the TPU. The unsaturated glycol chain
extender will most typically represent about 8 weight percent to about 50 weight percent
of the total amount of chain extender utilized in synthesizing the TPU. The unsaturated
glycol will normally represent from about 0.5 weight percent to about 20 weight percent
of the total weight of the TPU (total weight of hydroxyl terminated intermediate,
polyisocyanate, saturated glycol chain extender, and unsaturated glycol chain extender).
The unsaturated glycol will more typically represent from about 1 weight percent to
about 10 weight percent of the total weight of the TPU. In another aspect, the
unsaturated glycol will represent from about 1.5 weight percent to about 5 weight
percent of the total weight of the TPU.

[0031] The saturated chain extender that can be used in synthesizing the TPUs of this
invention include organic diols or glycols having from 2 to about 20 carbon atoms, such
as alkane diols (straight chained and branched), cycloaliphatic diols, alkylaryl diols, and
the like. Alkane diols which have a total from about 2 to about 12 carbon atoms are

often utilized. Some representative examples of alkane diols that can be used include
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ethanediol, propane glycol, 1,6-hexanediol, 1,3-butanediol (1,3-BDO), 1,5-pentanediol,
neopentylglycol (NPG), 2-butyl-2-ethyl-1,3-propanediol, 2,4-diethyl-1,5-pentanediol, 3-
methyl-1,5-pentanediol, and 1,4-butanediol. Dialkylene ether glycols, such as diethylene
glycol and dipropylene glycol, can also be used as the chain extender. Examples of
suitable cycloaliphatic diols include 1,2-cyclopentanediol, 1,4-cyclohexanedimethanol
(CHDM) and the like. Examples of suitable alkylaryl diols include hydroquinone bis(f3-
hydroxyethyl)ether (HQEE), 1,4-benzenedimethanol, bisethoxy biphenol, bisphenol A
ethoxylates, bisphenol F ethoxylates and the like. Still other suitable chain extenders are
1,3-bis(2-hydroxyethyl)benzene, and 1,2-bis(2-hydroxyethoxy)benzene. Mixtures of the
above noted chain extenders can also be utilized.

[0032] Saturated chain extenders with a functionality of greater than 2 may also be
used with the proviso that the resulting polymer retains the desired thermoplastic nature
and other desired chemical and physical characteristics. Examples of such
multifunctional chain extenders include trimethylolpropane, glycerin, and
pentraerythritol. Normally, multifunctional chain extenders are used in conjunction with
difunctional chain extenders to introduce a limited amount of chain branching.
Accordingly, the level of multifunctional chain extenders typically does not exceed 10
mole percent of the total amount of chain extenders used in making the thermoplastic
polyurethane. It is more typical for the level of multifunctional saturated chain extenders
to be limited to being within the range of 0.5 mole percent to 5 mole percent based upon
the total amount of chain extenders used in making the TPU. In many cases, the TPU
will be void of chain extenders having a functionality greater than 2. In any case,
saturated difunctional chain extenders will typically represent at least about 90 mole
percent of the total amount of saturated chain extenders used in synthesizing the TPU.
[0033] The saturated linear chain extenders that can be utilized for use in making the

TPUs of this invention can be represented by the structural formula:

HO—f-CH;]—oH

wherein n represents an integer from 2 to 20 and wherein n typically represents an
integer from 2 to 12. Accordingly, the linear chain extender will typically be selected

from the group consisting of ethylene glycol, 1,3-propanediol, 1,4-butanediol, 1,5-
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pentanediol, 1,6-hexanediol, 1,7-heptanediol, 1,8-octanediol, 1,9-nonanediol, 1,10-
decanediol, 1,11-undecanediol, and 1,12-dodecanediol. However, it should be
appreciated that various mixtures of diols can be utilized as the chain extender in the
practice of this invention.
[0034] The unsaturated glycol chain extenders used in making the TPUs of this
invention are typically of the structural formula:

R2

HO—R—C—R—0H

&3
wherein R' groups can be the same or different and represent alkylene groups that
contain from 1 to about 5 carbon atoms, wherein R? represents a hydrogen atom or an
alkyl group containing from 1 to about 5 carbon atoms, and wherein R’ represents an
unsaturated hydrocarbyl group containing from 2 to about 10 carbon atoms. R' will
typically represent a divalent alkylene group that contains from 1 to 7 carbon atoms in
one aspect of the invention and from 1 to 3 carbon atoms in another aspect. In still
another aspect R' can be represented by the formula: -(CH,)y-. In many cases, R' can
be a methylene group. R* will typically represent a methyl, an ethyl, an isopropyl group,
or a normal-propyl group. R is typically a monoallyl ether group, such as a monoallyl
ether group of the structural formula: -(CH,),-O-CH,-CH=CH,, wherein n' in the
formulae above represents an integer from 1 to about 7 in one aspect and from 1 to 3 in
another aspect. It is typical for n' to represent an integer from 1 to 3.
[0035] In one aspect, the unsaturated glycol chain extender for utilization in the
practice of this invention is trimethylolpropane monoallyl ether. Trimethylolpropane
monoallyl ether is of the structural formula:

CH,-CHj
HO—CHZ—C:I-CHZ—OH
CH,-0-CH,-CH=CH,

and is commercially available from a variety of sources.
[0036] In the embodiment of this invention where a hydroxyl terminated
intermediate that contains carbon-carbon double bonds is utilized to introduce double

bonds into the TPU it will be utilized in conjunction with a saturated hydroxyl
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present only in {he By IGIRINRIEI POIYEALGLRRANINIGIMEdIAIE (FQ1l SEAmEOD, I these examples, a

typical high temperature melt polymerization is used to make the TPUs synthesized from the components

set forth in Tablensapeisd. THE PG [{FsMiES| [gicansbaes dire20edieBleresyRHatehain extender(s).
The blend is mixae-wihaRaltiemdrhatiphesiimeihane diisaggraien{ ML vnadigasisd at an initial

temperature of 190C. The TPU polymerization reaches completion in 3 to 4 minutes. Compression
molted plagued SRTHG TR A RB Cre e o SRR EB B P CHBHAYF RSG  Tri ancl

NMP as set forth weigkigpoples (0-29 welphtrpsulis afehsedtdripdrodydbéeniinated intermediate. In
most cases, the unsaturated hydroxyl terminated intermediate will constitute 20 to 40
weight percent of the total hydroxyl terminated intermediate with the saturated hydroxyl
terminated intermediate representing 60 weight percent to 80 weight percent of the total
hydroxyl terminated intermediate. In one aspect, the unsaturated hydroxyl terminated
intermediate constitutes 5 to 30 weight percent of the total hydroxyl terminated
intermediate with the saturated hydroxyl terminated intermediate representing 70 weight
percent to 95 weight percent of the total hydroxyl terminated intermediate.

[0037] In one aspect of the invention, the unsaturated hydroxyl terminated

intermediate utilized in making such TPUs are typically of the structural formula:

wherein A independently represents -R;OH and a moiety selected from the structure

represented as follows:
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wherein Rj, Ry, R; and R4 can be the same or different and represent divalent linear and
branched alkylene moieties that contain from 1 to about 10 carbon atoms. In one aspect,
Ry, Ry, R3 and R4 independently are selected from methylene, ethylene, propylene,
butylene, pentylene, and hexylene moieties. In another aspect, R; and R, can contain 4
carbon atoms (e.g., butylene) with R3 and R4 containing 1 carbon atom (e.g., methylene).
In still another aspect, R; is a divalent ether group represented by -Rs-O-Rs-, wherein Rs
independently is selected from a divalent alkylene moiety containing 1 to 5 carbon
atoms, and R;, R3 and Ry are as defined above. In one aspect of the invention, the ratio
of n:m ranges from about 0 to about 35, from about 1 to about 30 in another aspect, from
about 5 to about 25 in still another aspect, and from about 10 to about 20 in a further
aspect; and y is an integer ranging from about 1 to about 20.

[0038] In another aspect of the invention, the unsaturated hydroxyl terminated
intermediate is the reaction product of the following components:

a) from about 1.5 mole % to about 55 mole % of an unsaturated chain extender selected

from a compound represented by the formula:

H,C

\
e

HO—R?,—(%—RTOH

/CHZ

o

\
/CHZ

HC\\



5.52 11.05 5.54 4.94 P(TMAfHMA)G5 209.98 Poly(caprolactone  93.87 PCARB5 105.44
1,4-Butaned ol 11.08 12.82 16.56 14.29 19.97 23.16 Solubility in THE Gel Gel Soluble

-15-

b) from about 0 mole % to about 50 mole % of a diol selected from a compound

represented by the formula:

HO—ROH. 4
c) from about 45 to about 49 mole % of a diacid represented by the formula:

o

HO—C—RTC—OH;
wherein R;, Ry, R3, and Ry are as previously defined. It will be recognized by the skilled
artisan that the total amount of each of the components making up the unsaturated
hydroxyl terminated intermediate will not exceed 100 mole %.
[0039] A suitable unsaturated chain extender is trimethylolpropane monoallyl ether
(TMPME).
[0040] Suitable diols include but are not limited to ethylene glycol, 1,3-propanediol,
1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol, 1,7-heptanediol, 1,8-octanediol, 1,9-
nonanediol, 1,10-decanediol, 1,11-undecanediol, 1,12-dodecanediol, and mixtures
thereof.
[0041] Suitable dicarboxylic acids which may be used alone or in mixtures generally
include but are not limited to succinic acid, glutaric acid, adipic acid, pimelic acid,
suberic acid, azelaic acid, sebacic acid, phthalic acid, isophthalic acid, terephthalic acid,
1,4-cyclohexanedicarboxylic acid, and the like. Anhydrides of the above dicarboxylic
acids, such as phthalic anhydride, tetrahydrophthalic anhydride, or the like, can also be
used to synthesize the intermediate by a transesterification reaction as previously
discussed.
[0042] In one aspect, the unsaturated hydroxyl terminated intermediate can be made
by placing an unsaturated chain extender, a diol, and a diacid in a reactor under agitation,
heating the reaction medium between about 120°C to about 200°C at ambient pressure
for about 3 to 8 hours, and removing any water that is generated. A transesterification

catalyst such as tetra-(2-ethylhexyl) titanate is added and a vacuum (0-15 mm Hg) is
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21 22 23 24 25 %‘ésﬁ‘ﬁt‘iﬁ %An extender and?ort ¢ unsaturated hydroxyl terminate

intermediate contammg carbon-carbon double bonds can also be used to make a very
rigid TPU, often referred to as an engineering resin. The very rigid TPU is made by
reacting a polyisocyanate with a glycol chain extender, and optionally up to 15 weight
percent of polyol (hydroxyl terminated intermediate). In one aspect, the very rigid TPU
contains less than 5 weight percent polyol, and in another aspect zero polyol is present in
the very rigid TPU polymer. The very rigid TPU polymer has a durometer hardness of
greater than 60 Shore D in one aspect, greater than 80 Shore D in another aspect, and
about 85 Shore D in a further aspect. The glycol chain extenders, hydroxyl terminated
intermediates, and polyisocyanate used are the same as described above. The very rigid
TPU polymer is made up of predominately hard block segments in one aspect and is all
hard blocks in another aspect, if no hydroxyl terminated intermediate is used. These
types of TPU polymers, without the carbon-carbon double bonds and thus uncrosslinked
are commercially available from Lubrizol Advanced Materials, Inc. under the
designation of Isoplast” and HS-85 brands.

[0044] By substituting a portion of the saturated glycol chain extender with the
glycol chain extender containing carbon-carbon double bonds and/or by substituting a
portion of the saturated hydroxyl terminated intermediate (if used) with the unsaturated
hydroxyl terminated intermediate, the rigid TPU becomes able to be crosslinked by
exposure to e-beam radiation. The crosslinked rigid TPU will have enhanced properties,
such as reduced set, reduced creep, and enhanced chemical resistance. Such rigid
products are useful in many applications, such as medical applications and industrial
applications. Dental retainer moldings are an example of the use of the rigid TPU
application.

[0045] The process to produce the TPU polymer of this invention can utilize
conventional TPU manufacturing equipment. The hydroxyl terminated polyether

intermediate, the diisocyanate, the saturated chain extender and the unsaturated chain
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extender, are generally added together and reacted in accordance with standard
polyurethane synthesis methodology. Typically, the TPU forming components of the
present invention are melt polymerized in a suitable mixer, such as an internal mixer
known as a Banbury mixer, or in an extruder. In one process, the hydroxyl terminated
polyether intermediate is blended with the glycol chain extender and added to the
extruder as a blend. The diisocyanate is added separately to the extruder. Suitable
processing or polymerization starting temperatures of the diisocyanate are from about
100°C to about 200°C in one aspect, and from about 100°C to about 150°C in another
aspect. Suitable processing or polymerization starting temperatures of the blend of the
hydroxyl terminated polyether intermediate and the chain extender are from about 100°C
to about 220°C in one aspect, and from about 150°C to 200°C in a further aspect.
Suitable mixing times in order to enable the various components to react and form the
TPU polymers of the present invention are generally from about 2 to about 10 minutes in
one aspect, and from about 3 to about 5 minutes in another aspect.

[0046] A process to produce the TPU of this invention is the process referred to as
the one-shot polymerization process. In the one-shot polymerization process which
generally occurs in situ, a simultaneous reaction occurs between three components, that
is the one or more hydroxyl terminated polyether intermediates, the glycol, and the
diisocyanate. The reaction is generally initiated at a temperature of from about 90°C to
about 120°C. Inasmuch as the reaction is exothermic, the reaction temperature generally
increases to about 220°C to 250°C. In cases where ethylene glycol is used as the chain
extender, it is important to limit the temperature of this exothermic reaction to a
maximum of 235°C to prevent undesired levels of foam formation. The TPU polymer
will exit the reaction extruder and be pelletized. The pellets of TPU are normally stored
in a heated vessel to continue the reaction and to dry the TPU pellets.

[0047] It is often desirable to utilize catalysts such as stannous and other metal
carboxylates as well as tertiary amines. Examples of metal carboxylate catalysts include
stannous octoate, dibutyltin dilaurate, phenyl mercuric propionate, lead octoate, iron
acetylacetonate, magnesium acetylacetonate, and the like. Examples of tertiary amine

catalysts include triethyleneamine, and the like. The amount of the one or more catalysts
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is low, generally from about 50 to about 100 parts by weight per million parts by weight
of the end TPU polymer formed.

[0048] The weight average molecular weight (Mw) of the TPU polymer, before
being crosslinked, of the present invention range from about 90,000 to about 600,000
Daltons in one aspect, from about 100,000 to about 300,000 Daltons in another aspect,
and from about 120,000 to about 250,000 Daltons in a further aspect. The Mw of the
TPU polymer is measured according to gel permeation chromatography (GPC) against
polystyrene standard.

[0049] When a higher molecular weight TPU polymer is desired, it can be achieved
by using a small amount of a cross linking agent having an average functionality greater
than 2.0 to induce cross linking. The amount of cross linking agent used is less than 2
mole percent of the total moles of chain extender in one aspect, and less than 1 mole
percent in another aspect. One method to increase the molecular weight in a TPU
polymer is to replace less than 1 mole percent of the chain extender with
trimethylolpropane (TMP).

[0050] The cross linking is accomplished by adding a cross linking agent having an
average functionality greater than 2.0 together with the hydroxyl terminated
intermediate, the isocyanate compound, and chain extender in the reaction mixture to
manufacture the TPU polymer. The amount of cross linking agent used in the reaction
mixture to make the TPU polymer will depend on the desired molecular weight and the
effectiveness of the particular cross linking agent used. Usually, less than 2.0 mole
percent in one aspect, and less than 1.0 mole percent in another aspect, based on the total
moles of chain extender used in making the TPU polymer are used. Levels of cross
linking agent greater than 2.0 mole percent, based on the total moles of chain extender
would be difficult to melt process. Therefore, the level of cross linking agent used is
from about 0.05 mole percent to about 2.0 mole percent based on the total moles of chain
extender.

[0051] The cross linking agents can be any monomeric or oligomeric materials
which have an average functionality of greater than 2.0 and have the ability to cross link

the TPU polymer. Such materials are well known in the art of thermoset polyurethanes.
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In one aspect cross linking agents include trimethylolpropane (TMP) and pentaerythritol.
Trimethylolpropane has been found to particularly be a desirable cross linking agent.
[0052] The TPU polymers of the present invention can be mixed with various
conventional additives or compounding agents, such as plasticizers, fillers, extenders,
pigments, lubricants, UV absorbers, flame retardants, and the like. Fillers that can be
used include talc, silicates, clays, calcium carbonate, and the like. The level of
conventional additives will depend on the final properties and cost of the desired end-use
application, as is well known to those skilled in the art of compounding TPUs. The
additives may be added during the reaction to form the TPU, but are normally added in a
second compounding step.

[0053] The TPUs of this invention can be used in manufacturing a wide variety of
consumer and industrial products having an improved level of heat, chemical, and
solvent resistance. This is accomplished by melt processing the TPU into the desired
structure and then exposing it to electron beam irradiation to crosslink it into a thermoset
of that design. Virtually any melt processing method can be used to process the TPU
into a desired uncured structure. The TPU can be melt processed by extrusion, injection
molding, compression molding, casting, melt spinning, film blowing, thermoforming,
blow molding, and the like. For instance, the TPU can be extruded into a tube or hose of
virtually any diameter. It can also be molded into the shape of a seal or gasket. After
being formed into a desired shape the uncured TPU is then exposed to electron beam
irradiation to crosslink it into a permanent cured structure.

[0054] The TPU of this invention can beneficially be used to coat electrical wires
that are exposed to elevated temperatures and organic solvents. This can be done by
applying the TPU of this invention to the bare metal wire being coated utilizing a tubing
type cross-head die. The metal will typically be aluminum or copper. In order to
improve the adhesion between the TPU being applied and the bare wire, the bare wire is
generally preheated before it enters the tubing type cross-head die.

[0055] A vacuum is generally applied to the die cavity in the tubing type cross-head
die in order to cause the tube of thermoplastic composition being extruded from the die
to uniformly contract onto the bare wire as it exits the tubing type cross-head die. The

amount of vacuum or partial vacuum that needs to be applied to the die cavity in order to
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facilitate bringing the newly formed tube of extruded thermoplastic composition into
proper contact with the metal wire will be determined by a number of factors, such as,
the speed that the bare metal wire is exiting the tubing type cross-head die, the thickness
of the coating being applied, the diameter of the metal wire, and the dimensions of the
tubing type cross-head die. Those persons skilled in the art will be able to ascertain the
amount of vacuum that is optimally needed in their particular process.

[0056] By utilizing the process of this invention, bare metal wires can be coated at
relatively high speeds. It will generally be desirable to coat wires at relatively high
speeds due to economic considerations. Generally, wire will be treated at a rate of from
about 20 meters per minute up to about 500 meters per minute. Normally, the wire being
coated will travel through the tubing type cross-head die at a speed of from about 100
meters per minute up to about 400 meters per minute. The exact speed at which the wire
can optimally be coated can be determined by persons skilled in the art using standard
engineering practice and will depend on the nature and design of the equipment being
used, the thickness and type of wire being coated, and the thickness of the coating being
applied. It should be noted that the tube of TPU being extruded from the tubing type
cross-head die will be extruded at a speed that is less than that at which the bare metal
wire is exiting the tubing type cross-head die.

[0057] The tubing type cross-head die can be designed to coat wires with the TPU
composition to any desired thickness. Normally wires which will be manufactured into
magnet wires will be coated to a thickness between about 10 microns and about 100
microns. Normally, standard magnet wires having a diameter of about 1 millimeter are
coated to a thickness in the range of 15 microns to 35 microns. Magnet wires having
reinforced insulation generally have a coating thickness of 30 microns to 50 microns. As
a general rule, the coating thickness on a magnet wire will be less than about 5 percent of
the diameter of the bare metal filament in the magnet wire.

[0058] An apparatus which can be used to coat metal wire with the TPU of this
invention to make coated electrical wire is illustrated in FIG. 1. The apparatus 10
generally consists of a filament payout device 11, a filament preheater 12, and extruder
13 equipped with a tubing type cross-head die 14, a quench bath 15, an electron beam

source 19, and a filament take-up device 16. As shown in FIG. 1, the bare wire filament
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17 and the coated wire 18 are broken at points 19 and 20. At the bare wire filament
break 19', when this apparatus is used to manufacture magnet wire, conventional wire
drawing equipment can be installed. Thus, an oversized bare wire filament 17 can be
reduced to the desired size by utilizing drawing equipment prior to coating the bare wire
filament. The filament preheater 12 in a specific embodiment of the process of this
invention can include an annealer whereby the affects of drawing the bare wire filament
or stretching it can be eliminated. In other specific embodiments in which the apparatus
10 is being used to manufacture coated wire 18, additional coating devices and hardeners
can be inserted at break point 20' so that successive coats of various coating materials
can be applied to the previously coated wire in a continuous manner.

[0059] The filament pay-out device 11 includes a spool 21 on which the bare wire
filament 17 is stored. The spool 21 is mounted on a spindle 22 of the pay-out device 11
S0 as to rotate freely in the direction of arrow 20. Operatively associated with the spool
21 is a brake 23 which restrains the rotation of spool 21 as the bare metal wire filament
17 is being pulled therefrom by the filament take-up device 16 so as to prevent
entanglements. In accordance with the process of this invention, it is highly possible that
in an apparatus used for the commercial manufacture of electrical wire where bare wire
filaments are being rolled, drawn or otherwise reduced in size, the filament pay-out
device 11 can be completely eliminated, since the remaining apparatus can be used to
coat bare wire filament 17 continuously in a single pass as the bare wire filament is
supplied from such a rolling and drawing device. The spool 21 in this instance can be
replaced with one or more reels upon which bare wire filament is transported from the
rolling and drawing operation to the filament preheater 12. In instances where the
filament pay-out device 11 is eliminated and rolling and drawing equipment are
substituted therefor, it is important for an annealer to be included at point 19 in order to
eliminate the effects of working the bare wire filament during the rolling and drawing
operations. In such an operation depending upon the temperature at which the bare wire
filament 17 left the annealer, it is possible to eliminate the need for the filament preheater
12. The filament preheater 12 is used solely to raise the temperature of the bare wire
filament 17 prior to the application of the coating material (TPU) by the tubing type

cross-head die 14. In the specific embodiment of this invention illustrated in FIG. 1, the
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[0060] The extruder 13 will normally be equipped with a material reservoir 24 for
storing the TPU composition which will be used to coat the bare metal wire filament. It
will also generally be equipped with a pump 25 for transporting the TPU composition
from material reservoir 24 into the tubing type cross-head die 14. Pump 25 will usually
be driven by a pump motor 26. Vacuum can be applied to the die cavity through a
vacuum line 27. If so desired, a vacuum pump can be connected directly to the tubing
type cross-head die 14.

[0061] The tubing type cross-head die 14 is more clearly illustrated in FIG. 2 and
FIG. 3. The die cavity 28 through which the bare wire filament 17 travels extends
throughout the entire length of the tubing type cross-head die. The TPU composition 30
used to coat the bare wire filament 17 is pumped into the tube extrusion cavity 29. The
bare wire filament enters into the die cavity 28 at the entrance opening 31 of the die
cavity and exits the die at the exit opening 32. The TPU composition 30 exits the tubing
type cross-head die at the tubing exit opening 33. After the TPU composition exits the
tubing type cross-head die through the tubing exit opening 33, it collapses upon and
around the bare metal wire coating it uniformly. The tube of TPU composition is
extruded in such a way that it surrounds the bare metal wire which is exiting the tubing
type cross-head die and collapses upon it due to the vacuum being applied to the die
cavity 28 through vacuum line 27. This collapsing of the extruded tube of the TPU onto
the wire filament 17 is also caused by the adhesion of the TPU composition to the bare
metal wire being extruded. Due to the fact that the bare metal wire is exiting the die at a
higher speed then that at which the thermoplastic composition is exiting the die as a tube
which surrounds the bare metal wire, the tube of thermoplastic composition is stretched

and oriented as it is being applied to the wire.
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[0062] In the embodiment of this invention illustrated in FIG. 1, the hot coated wire
18 which has left the tubing type cross-head die 14 is rapidly cooled in a quench bath 15.
Such a quench bath is not an essential element of the apparatus. For example, the newly
coated wire 18 could be allowed to cool simply by air cooling it for a sufficient length of
time. However, since high speed is normally desirable a quench bath will normally be
utilized. The quench bath will normally utilize a cooling fluid, such as water. The
quench bath can optionally contain various conditioners or dyes as desired.

[0063] Before or after being quenched, the coated wire is exposed to electron beam
irradiation provided by an electron beam source 19. The electron beam treatment is
provided at an intensity and for a time period that is sufficient to attain the desired level
of crosslinking needed to cure the TPU coating to the proper degree.

[0064] The take-up device 16, in many respects is similar to the pay-out device 11.
The take-up device 16 comprises a reel 21 on which the coated wire 18 is spooled for
shipment. Reel 21 can be a conventional spool on which the coated wire is shipped.
Spools 21 are mounted for rotation on a spindle 22 so as to be driven in the direction of
arrow 34. Operatively connected to the spool 21 is a motor 35 which drives the spool 21
and thereby pulls the bare wire filament 17 and coated wire 18 from the spool or reel 21
of the pay-out device 11 ultimately to the filament take-up device 16.

[0065] The TPU compositions of this invention, because of their flame retardant
properties, abrasion resistance and good tensile strength, are particularly suited for use as
jacketing for electrical conductors in wire and cable construction applications, such as
jacketing for armored cable, industrial robotic equipment, non-metallic sheath cable,
deep well pump cables and other multiple conductor assemblies. A typical wire and
cable construction will have at least one and typically will have multiple electrical
conductors, usually from 2 to 8 conductors, such as copper wires. Each conductor will
typically be coated, normally by extrusion, with a thin layer of polymeric insulation
compound which can be TPU, polyvinyl chloride, polyethylene, cross-linked
polyethylene, fluorocarbon polymers, and the like. The multiple insulated conductors
may be wrapped with metal, a fiberglass or other non-flamable textile. The multiple
conductors are then encased in a jacket material (i.e., the TPU composition of this

invention) to protect the electrical conductors. In most wire and cable end-use
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applications, it is necessary for this jacket material to be flame resistant in case a fire
occurs.

[0066] Flame retardants used in TPU wire and cable applications are well known in
the literature and the art. Exemplary flame retardants include non-halogen flame
retardants, such as melamine, melamine derivatives, such as melamine cyanurate,
organic phosphates, organic phosphonates, and phosphorous containing compounds.
Halogenated flame retardants, such as chlorinated and brominated compounds, may also
be used. Inorganic compounds such as aluminum trihydrate, antimony oxide,
ammonium phosphate, ammonium polyphosphate, calcium carbonate, clay, and talc may
also be used as flame retardants. Often more than one flame retardant is used and
frequently 3 or more flame retardants are combined in the TPU formulation.

[0067] When used as a wire and cable jacket, the TPU of this invention would be
extruded onto the wire bundle and subsequently crosslinked by exposure to e-beam
radiation to form a crosslinked jacket.

[0068] This invention is illustrated by the following examples that are merely for the
purpose of illustration and are not to be regarded as limiting the scope of the invention or
the manner in which it can be practiced. Unless specifically indicated otherwise, parts
and percentages are given by weight. Examples 7 to 14, 35 to 40, and 47 to 49 are not
according to the claimed invention.

[0069] Examples 1 to 6 illustrate the synthesis of a hydroxyl terminated intermediate
that contains carbon-carbon double bonds. In these examples an unsaturated polyester

diol intermediate is synthesized.

Example 1
[0070] To a three-neck glass reactor equipped with a over-head mechanical stirrer,
thermometer, column condenser, and receiver is added 232.23g (1.59 moles) of adipic
acid (AA), 160.38¢g (1.78 moles) of 1,4-butanediol (BDO) and 8.07g (0.046 moles) of
trimethylolpropane mono allyl ether (TMPME). The reaction medium is heated to
150°C to 190°C at ambient pressure (5-6 hours) and the generated water was collected.
Then 100 ppm of transesterification catalyst tetra-(2-ethylhexyl) titanate is added and a
vacuum (0-15mmHg) is applied while the reaction medium is heated to 190°C to 200°C.
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The generated water was removed until the acid number becomes less than 0.5 (3-5

hours). The final polyol has hydroxyl number of 62.21 (~Mn of 1803.6 g/mole).

Example 2
[0071] To a three-neck glass reactor equipped with a over-head mechanical stirrer,
thermometer, column condenser, and receiver is added 212.66g (1.46 moles) of adipic
acid (AA), 141.98g (1.58 moles) of 1,4-butanediol (BDO) and 16.69g (0.096 moles) of
trimethylolpropane mono allyl ether (TMPME). The reaction medium is heated to
150°C to 190°C at ambient pressure (5-6 hours) and the generated water was collected.
Then 100 ppm of transesterification catalyst tetra-(2-ethylhexyl) titanate is added and a
vacuum (0-15mmHg) is applied while the reaction medium is heated to 190°C to 200°C.
The generated water was removed until the acid number becomes less than 0.5 (3-5

hours). The final polyol has hydroxyl number of 47.50 (~Mn of 2361.9 g/mole).

Example 3
[0072] To a three-neck glass reactor equipped with a over-head mechanical stirrer,
thermometer, column condenser, and receiver is added 240.18g (1.65 moles) of adipic
acid (AA), 149.34g (1.66 moles) of 1,4-butanediol (BDO) and 38.93g (0.22 moles) of
trimethylolpropane mono allyl ether (TMPME). The reaction medium is heated to
150°C to 190°C at ambient pressure (5-6 hours) and the generated water was collected.
Then 100 ppm of transesterification catalyst tetra-(2-ethylhexyl) titanate is added and a
vacuum (0-15mmHg) is applied while the reaction medium is heated to 190°C to 200°C.
The generated water was removed until the acid number becomes less than 0.5 (3—5

hours). The final polyol has hydroxyl number of 83.45 (~Mn of 1344.58 g/mole).

Example 4
[0073] To a three-neck glass reactor equipped with a over-head mechanical stirrer,
thermometer, column condenser, and receiver is added 220.89¢g (1.51 moles) of adipic
acid (AA), 116.08g (1.29 moles) of 1,4-butanediol (BDO) and 81.07g (0.47 moles) of
trimethylolpropane mono allyl ether (TMPME). The reaction medium is heated to

150°C to 190°C at ambient pressure (5-6 hours) and the generated water was collected.
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Then 100 ppm of transesterification catalyst tetra-(2-ethylhexyl) titanate is added and a
vacuum (0—15mmHg) is applied while the reaction medium is heated to 190°C to 200°C.
The generated water was removed until the acid number becomes less than 0.5 (3—5

hours). The final polyol has hydroxyl number of 68.12 (~Mn of 1647.1 g/mole).

Example 5

[0074] To a three-neck glass reactor equipped with a over-head mechanical stirrer,
thermometer, column condenser, and receiver is added 204.14g (1.40 moles) of adipic
acid (AA) and 295.86g (1.70 moles) of trimethylolpropane mono allyl ether (TMPME).
The reaction medium is heated to 150°C to 190°C at ambient pressure (5-6 hours) and
the generated water was collected. Then 100 ppm of transesterification catalyst tetra-(2-
ethylhexyl) titanate is added and a vacuum (0—15mmHg) is applied while the reaction
medium is heated to 190°C to 200°C. The generated water was removed until the
reaction is monitored by following the acid number (7 hours). The final polyol has acid
number of 4.98 and hydroxyl number of 67.42 (~Mn of 1664.2 g/mole. Further reaction

to decrease the acid number below 0.5 range resulted gelation.

Example 6
[0075] To a three-neck glass reactor equipped with a over-head mechanical stirrer,
thermometer, column condenser, and receiver is added 417.32g (2.86 moles) of adipic
acid (AA), 325.04g (3.063 moles) of diethylene glycol (DEG) and 38.47g (0.22 moles)
of trimethylolpropane mono allyl ether (TMPME). The reaction medium is heated to
150°C to 190°C at ambient pressure (5-6 hours) and the generated water was collected.
Then 100 ppm of transesterification catalyst tetra-(2-ethylhexyl) titanate is added and a
vacuum (0—15mmHg) is applied while the reaction medium is heated to 190°C to 200°C.
The generated water was removed until the acid number becomes less than 0.5 (3—5

hours). The final polyol has hydroxyl number of 68.00 (~Mn of 1650.0 g/mole).

Examples 7-14
[0076] Examples 7 to 14 illustrate crosslinkable TPUs synthesized with unsaturation

present only in the chain extender (hard segment). In these examples, a typical high
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temperature melt polymerization is used to make the TPUs synthesized from the
components set forth in Table 1 below. The polyol glycol(s) is melted at 120°C and
blended with the chain extender(s). The blend is mixed with molten 4,4'-
diphenylmethane diisocyanate (MDI) and reacted at an initial temperature of 190°C. The
TPU polymerization reaches completion in 3 to 4 minutes. Compression molded plaques
are molded from the TPU and cut into smaller pieces weighing 1-2 grams and subjected
to Soxhlet extraction in THF (tetrahydrofuran) and solvent dissolution in NMP (N-
methylpyrrolidone) to determine whether the TPU is soluble in these solvents.

[0077] In the THF Soxhlet extraction procedure, the TPU sample is immersed in the
solvent and extraction was conducted at reflux for 6 hours. After the extraction the
sample is first placed in water to remove the residual solvent and then placed in a
convection oven at 105°C until constant weight is obtained indicating that all solvent has
been removed. If the sample dissolved or has a crosslink density (CD) value less than
60% the THF solubility is rated as soluble, an indication of no or insufficient
crosslinking being present. If the CD value was more than 60% the sample is rated as
insoluble an indication of the presence of crosslinking. The CD values are calculated

using the following equation:

CD=100x (1 —[(W;=Wp /W]

wherein W; and W¢ are the initial and final dry weight of the sample before and after
Soxhlet extraction, respectively. Since the samples are not irradiated crosslinking is nil
resulting in no solvent resistance. The results are set forth in Table 1.

[0078] For the determination of solubility in NMP, 1-2 gram samples of the TPU are
immersed in NMP for 7 days. After 7 days, if the sample is completely dissolved, it is
rated as soluble. If the sample does not dissolve, it is removed from solution and placed
in water to remove excessive solvent and then placed in a convection oven at 140°C for 4
hours to remove any residual solvent. Samples that are observed to exhibit brittle

properties are rated as insoluble.
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Table 1
Component (g) Example No.
7 8 9 10 11 12 13 14

MDI' 68.49 68.49 73.60 62.42 76.84 69.94 169.09 78.03
PTMEG 1000° 116.90 | 115.00
PTMAG’ 109.22
P(TMA/HMA)G* 219.20
Poly(caprolactone)’ 96.11 123.05
PCARB® 108.72
1,4-Butanediol 13.64 12.58 13.06 12.90 20.67 18.16
1,6-Hexanediol 77.40
HQEE’ 43.36
TMPME® 0.96 3.92 4.12 3.23 5.17 4.10 3.55 5.47
Solubility in THF’ Soluble | Soluble | Soluble | Soluble | Soluble | Soluble | Soluble | Soluble
Solubility in NMP'’ | Soluble | Soluble | Soluble | Soluble | Soluble | Soluble | Soluble | Soluble

' MDI 4,4'-diphenylmethane diisocyanate (molecular wt. 250.4 g/mole)

2 PTMEG 1000 Poly(tetramethylene ether) glycol (molecular wt. 1000 g/mole)

* PTMAG Poly(tetramethylene adipate) glycol (molecular wt. 870 g/mole)

* P(TMA/HMA)G Poly(tetramethylene-co-hexamethylene adipate) glycol (molecular wt. 2500
g/mole)

> Poly(caprolactone) Polyol (molecular wt. 2000 g/mole)

% PCARB Poly(hexamethylene carbonate) glycol (molecular wt. 2000 g/mole)

7 HQEE Hydroquinone bis(2-hydroxyethyl) ether (molecular wt. 198.2 g/mole)

¥ TMPME Trimethylolpropane monoallyl ether (molecular wt. 175 g/mole)

° THF Tetrahydrofuran solvent

1'NMP N-methylpyrrolidone solvent

Examples 15-20
[0079] Examples 15 to 20 illustrate crosslinkable TPUs synthesized with
unsaturation present only in the hydroxyl terminated polyester polyol intermediate (soft
segment). In these examples, a typical high temperature melt polymerization is used to
make the TPUs synthesized from the components set forth in Table 2 below. The polyol
glycol(s) is melted at 120°C and blended with the chain extender(s). The blend is mixed
with molten 4,4'-diphenylmethane diisocyanate (MDI) and reacted at an initial
temperature of 190°C. The TPU polymerization reaches completion in 3 to 4 minutes.
Compression molded plaques are molded from the TPU and cut into smaller pieces for
solubility testing in THF and NMP as set forth in Examples 7-14. The results are set
forth in Table 2.
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Table 2
Component (g) Example No.
15 16 17 18 19 20
MDI' 55.60 55.62 73.07 62.42 69.04 76.84
PTMEG 1000 104.86
Polyol of Ex. 3 133.30
Polyol of Ex. 4 131.56 5.52 11.05 5.54 4.94
P(TMA/HMA)G’ 209.98
Poly(caprolactone)* 93.87
PCARB’ 105.44
1,4-Butanediol 11.08 12.82 16.56 14.29 19.97 23.16
Solubility in THF® Gel Gel Soluble Soluble Soluble Soluble
Solubility in NMP’ Gel Gel Soluble Soluble Soluble Soluble
' MDI 4,4'-diphenylmethane diisocyanate (molecular wt. 250.4 g/mole)

2 PTMEG 1000 Poly(tetramethylene ether) glycol (molecular wt. 1000 g/mole)
* P(TMA/HMA)G  Poly(tetramethylene-co-hexamethylene adipate) glycol (molecular wt.

2500 g/mole)
* Poly(caprolactone) Polyol (molecular wt. 2000 g/mole)
* PCARB Poly(hexamethylene carbonate) glycol (molecular wt. 2000 g/mole)
® THF Tetrahydrofuran solvent
” NMP N-methylpyrrolidone solvent

Examples 21-34
[0080] Examples 21 to 34 illustrate crosslinkable TPUs synthesized with
unsaturation present in the chain extender (hard segment) and in the hydroxyl terminated
polyester polyol intermediate (soft segment). In these examples, a typical high
temperature melt polymerization is used to make the TPUs synthesized from the
components set forth in Tables 3 and 4 below. The polyol glycol(s) is melted at 120°C
and blended with the chain extender(s). The blend is mixed with molten 4,4'-
diphenylmethane diisocyanate (MDI) and reacted at and initial temperature of 190°C.
The TPU polymerization reaches completion in 3 to 4 minutes. Compression molded
plaques are molded from the TPU and cut into smaller pieces for solubility testing in

THF and NMP as set forth in Examples 7-14. The results are set forth in Tables 3 and 4.
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Table 3
Component (g) Example No.
21 22 23 24 25 26
MDI' 69.00 69.04 73.07 71.57 71.55 73.95
PTMEG 1000’ 108.61 111.05 102.86 86.26 75.09
Polyol of Ex. 2 5.72 101.01
Polyol of Ex. 3 343
Polyol of Ex. 4 542 21.56 32.18
1,4-Butanediol 12.78 12.62 14.74 1241 12.73 20.70
TMPME’ 3.86 3.86 3.94 8.27 8.49 4.15
Solubility in THF? Soluble Soluble Soluble Soluble Soluble Gel
Solubility in NMP’ Soluble Soluble Soluble Soluble Soluble Gel
' MDI 4,4'-diphenylmethane diisocyanate (molecular wt. 250.4 g/mole)
2 PTMEG 1000 Poly(tetramethylene ether) glycol (molecular wt. 1000 g/mole)
> TMPME Trimethylolpropane monoallyl ether (molecular wt. 175 g/mole)
4 THF Tetrahydrofuran solvent
> NMP N-methylpyrrolidone solvent
Table 4
Component (g) Example No.
27 28 29 30 31 32 33 34
MDI' 68.94 68.91 55.54 41.62 76.84 42.95 43.02 69.79
Polyol of Ex. 3 17.31 132.01
Polyol of Ex. 4 17.28 7.31 4.81 28.88 4342 5.44
PTMAG’ 98.10 | 97.90
P(TMA/HMA)G’ 138.98 115.54 101.32
Poly(caprolactone)* 91.36
PCARB’ 103.38
1,4-Butanediol 11.67 11.93 9.90 8.48 20.62 7.23 7.04 18.05
TMPME?® 3.86 3.86 247 2.12 5.16 4.82 4.69 4.10
Solubility in THF’ Soluble | Soluble | Soluble | Soluble | Soluble | Soluble | Soluble | Soluble
Solubility in NMP® | Soluble | Soluble | Soluble | Soluble | Soluble | Soluble | Soluble | Soluble
' MDI 4,4'-diphenylmethane diisocyanate (molecular wt. 250.4 g/mole)
2 PTMAG Poly(tetramethylene adipate) glycol (molecular wt. 870 g/mole)

3 P(TMA/HMA)G

* Poly(caprolactone)
> PCARB
 TMPME

7 THF

8 NMP

Poly(tetramethylene-co-hexamethylene adipate) glycol (molecular wt.

2500 g/mole)

Polyol (molecular wt. 2000 g/mole)
Poly(hexamethylene carbonate) glycol (molecular wt. 2000 g/mole)
Trimethylolpropane monoallyl ether (molecular wt. 175 g/mole)

Tetrahydrofuran solvent
N-methylpyrrolidone solvent
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Examples 35-46
[0081] In many instances, the solvent resistance of a polymer is related to its
crosslink density. Generally, non-crosslinked polymers are prone to solvent attack (e.g.,
are soluble or partially soluble in a particular solvent system). Crosslinked polymers are
commonly resistant to solvent attack. In these examples, compression molded plaques
are molded from selected TPUs synthesized in Examples 7 to 34 and are subsequently
irradiated with 10 to 60 MRad (MR) dosages of e-beam radiation. As a control,
commercially available TPUs containing no crosslinkable unsaturated moieties are
similarly molded and irradiated. The irradiated plaques were cut into 1-2 gram samples
and subjected to solvent testing in THF and NMP as set forth in Examples 7 to 14.
Generally, the CD values are in the 55% to 66% range for the samples irradiated with 10
MR and 85% to 97% range for the samples irradiated with 20 MR and higher e-beam
doses. All of the non-irradiated samples as well as the irradiated control polymers are
soluble in THF and NMP indicating that no crosslinking occurred. The results are set

forth in Table 5.

Table 5

Polymer Ex. Radiation THF NMP
No. Dose (MR) Solubility Solubility
0
10
20
0
10
20
0
35 7 10
20
0
36 8 10
20
0
10
20
37 9 30
40
50
60
0
38 10 10
20

Ex. No.

®
Estane”

Control 1 58315 TPU'

®
Estane”

Control 2| 50771 Tp12

Z|Z|<|Z|Z|Z|Z|Z|Z|<|Z|Z|=<|Z =< | < <] =< [ =] =< <] =<
Z|Z|<|Z|Z|Z|Z|Z|Z|<|Z | Z|=< | Z | =< | < <] =< [ =] =< =] =<
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MDI, polyether polyol, butanediol, and is commercially available from Lubrizol Advanced Materials, Inc. A
polyester based TPU made from MDI, polyester polyol, and butanediol and is commercially available from
Lubrizol Advanced Materials, Inc. - 33 - Examples 47-48 [0082]In these examples compression molded
plaques are molded from the TPUs synthesized in Examples 7 and 8 and are subsequently irradiated with
10 and 20 MRad (MR) dosages of e-beam radiation. Dynamic mechanical analysis (DMA) is conducted
on the irradiated TPUs in accordance with ASTM D5279-08. As a control, a commercially available TPU
containing no crosslinkable unsaturated moieties is similarly tested. The temperature sweep runs are
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" Estane® 58315 TPU A polyether based TPU made from MDI, polyether polyol,
butanediol, and is commercially available
from Lubrizol Advanced Materials, Inc.

2 Estane® 58271 TPU

A polyester based TPU made from MDI, polyester polyol,

and butanediol and is commercially available from
Lubrizol Advanced Materials, Inc.
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Examples 47-48

[0082]
synthesized in Examples 7 and 8 and are subsequently irradiated with 10 and 20 MRad

In these examples compression molded plaques are molded from the TPUs

(MR) dosages of e-beam radiation. Dynamic mechanical analysis (DMA) is conducted
on the irradiated TPUs in accordance with ASTM D5279-08. As a control, a
commercially available TPU containing no crosslinkable unsaturated moieties is
similarly tested. The temperature sweep runs are conducted using a dynamic mechanical
analyzer in torsion mode with 3°C/min heating rate and at 0.1% strain and 1Hz
frequency.
[0083]
samples using the methodology set forth in ASTM D2990 at 90°C. A constant load of

In addition, creep-recovery measurements are conducted on the irradiated

25,000 Pa is applied to the samples and removed after 60 seconds allowing the sample to
recover. The unrecovered deformation after removal of the load is reported as % creep.

The data from the DMA and creep recovery analysis are reported in Table 6.

butanediol, and is commercially available from Lubrizol Advanced
Materials, Inc.
Examples 49-50
[0084] E-beam irradiated compression molded plaques (6 in. x 6 in. x 30mil) molded

from the TPUs of Examples 12 and 34 are placed in a convection oven at 200°C for 6

hours. After 6 hours, the appearance and physical state of the samples are determined by

Table 6
Ex. No Polymer Ex. Radiation Tan & Peak Crossover Creep
’ No. . Dose (MR) (°O) Temp. (°C) (%)
Control 1 581;:??}6%1 0 24 168 55
0 -20 169 N/T
47 7 10 -22 197 N/T
20 -22 220 N/T
0 -18 162 40
48 8 10 -18 225 6
20 -18 None 5

" Estane®™ 58315 TPU

A polyether based TPU made from MDI, polyether polyol,

visual inspection. A commercially available TPU containing no crosslinkable

unsaturated moieties is similarly tested. The results are presented in Table 7.




20 -18 None 5 Estane(r) 58315 TPUA polyether based TPU made from MDI, polyether polyol,
butanediol,and is commercially available from Lubrizol Advanced Materials, Inc. Examples 49-50
[0084]E-beam irradiated compression molded plagues (6 in. x 6 in. x 30mil) molded from the TPUs of
Examples 12 and 34 are placed in a convection oven at 200C for 6 hours. After 6 hours, the appearance
and physical state of the samples are determined by visual inspection. A commercially available TPU
containing no crosslinkable unsaturated moieties is similarly tested. The results are presented in Table 7.
- 34 - Table 7 Ex. No Polymer Ex. No. Radiation Dose (MR) Apperance Control 1 Estane(r) 58315 TPLP
0 Melted 49 12 0 Melted 30 Very Soft 40 Elastic Solid

Table 7
Ex. No Polymer Ex. No. Radiation Dose (MR) Apperance
Control 1 Estane® 58315 TPU! 0 Melted
0 Melted
30 Very Soft
49 12 40 Elastic Solid
60 Elastic Solid
0 Melted
30 Very Soft
>0 34 40 Elastic Solid
60 Elastic Solid

" Estane® 58315 TPU A polyether based TPU made from MDI, polyether polyol, butanediol,

and is commercially available from Lubrizol Advanced Materials, Inc.
Examples 51-52

[0085]
irradiated specimens of the TPUs synthesized in Examples 23 and 34 in Fuel C and

Percent swell (in accordance with ASTM D471) is measured by placing

measuring the weight gain/loss after 1 week of immersion in the fuel. Commercially
available TPUs containing no crosslinkable unsaturated moieties are similarly tested.

The results are set forth in Table 8.

Table 8
. % Swell in Fuel C
Ex. No Polymer Ex. No. Radiation Dose (MR) (after 1 week)

Control 1 Estane” 58887 TPU' 0 37
Control 2 Estane” 58219 TPU’ 0 30
10 29
20 26
51 23 30 1
60 19
10 23
20 22
52 34 30 20
60 20

" Estane” 58887 TPU A polyether based TPU made from MDI, polyether polyol, butanediol, and

% Estane® 58219 TPU

is commercially available from Lubrizol Advanced Materials, Inc.
A polyether based TPU made from MDI, polyether polyol, butanediol,
and is commercially available from Lubrizol Advanced Materials, Inc.




60 Elastic Solid 50 34 0 Melted 30 Very Soft 40 Elastic Solid 60 Elastic Solid Estanee 58315 TPUA
polyether based TPU made from MDI, polyether polyol, butanediol, and is commercially available from
Lubrizol Advanced Materials, Inc. Examples 51-52 [0085]Percent swell (in accordance with ASTM D471)
is measured by placing irradiated specimens of the TBtJs synthesized in Examples 23 and 34 in Fuel C
and measuring the weight gain/loss after 1 week of immersion in the fuel. Commercially available TPUs
containing no crosslinkable unsaturated moieties are similarly tested. The results are set forth in Table 8.
Table 8 Ex. No Polymer Ex. No. Radiation Dose (MR) % Swell in Fuel C (after 1 week) Control 1
Estane(r) 58887 TPUL 0 37 Control 2 Estane(r) 58219 TPU2

WHAT IS CLAIMED IS:

1. A crosslinkable thermoplastic polyurethane comprising of the reaction product of (1)
an unsaturated hydroxyl terminated compound, (2) an optional saturated hydroxyl terminated
compound, (3) a polyisocyanate, and (4) a saturated glycol chain extender, wherein the

unsaturated hydroxyl terminated compound is of the structural formula:

O 0]
[l [l

i i Tk o
A—O%C—RZ—C—O—RTO - c—R;c—o—R;c—RTOM—C—RZ—C—O—A
y

wherein A independently represents —R;OH and a moiety selected from the structure represented

as follows:

and R;, Rz, Rz and R4 can be the same or different and represent divalent linear and branched
alkylene moieties that contain from 1 to 10 carbon atoms, R; can also represent a divalent ether

group represented by -Rs-O-Rs-, wherein Rs independently is selected from a divalent alkylene



03051231029 2026 3021 601952341023 2022 3020 60 20 Estanee 58887 TPUA
polyether based TPU made from MDI, polyether polyol, butanediol, and is commercially available from
Lubrizol Advanced Materials, Inc.

-36-

moiety containing 1 to 5 carbon atoms, the ratio of n:m ranges from 0 to 35, and y is an integer

ranging from 1 to 20.

2. The crosslinkable thermoplastic polyurethane of claim 1 comprising of the reaction
product of (1) an unsaturated hydroxyl terminated compound, (2) a saturated hydroxyl

terminated compound, (3) a polyisocyanate, and (4) a saturated glycol chain extender.

3. The thermoplastic polyurethane of claim 1 or 2 wherein R* contains 4 carbon atoms,
wherein R? contains 4 carbon atoms, wherein R® contains 1 carbon atom, and wherein R*

contains 1 carbon atom.

4. The crosslinkable thermoplastic polyurethane of claim 1 or 2 further comprising (5) a

glycol chain extender containing carbon-carbon double bonds.

5. The thermoplastic polyurethane of claim 4 wherein the glycol chain extender

containing carbon-carbon double bonds is of the structural formula:

Flzz
HO—R—C—R—OH

R3

wherein R* can be the same or different and represent alkylene groups that contain from 1 to 5
carbon atoms, R? represents a hydrogen atom or an alkyl group containing from 1 to 5 carbon
atoms, and R® represents an unsaturated hydrocarbyl group containing from 2 to 10 carbons

atoms.
6. The thermoplastic polyurethane of claim 5 wherein R® of the glycol chain extender
containing carbon-carbon double bonds is a monoallyl ether group of the formula:

-(CHy)-0O-CH2-CH=CH,, wherein n' represents an integer from 1 to 7.

7. The thermoplastic polyurethane of claim 6 wherein the glycol chain extender



2 Estanee 58219 TPUA polyether based TPU made from MDI, polyether polyol, butanediol, and is
commercially available from Lubrizol Advanced Materials, Inc. WHAT IS CLAIMED IS 1. A
crosslinkable thermoplastic polyurethane comprising of the reaction product of (1) an unsaturated
hydroxyl terminated compound, (2) an optional saturaged hydroxyl terminated compound, (3) a
polyisocyanate, and (4) a saturated glycol chain extender, wherein the unsaturated hydroxyl terminated
compound is of the structural formula: HO 00000H 200 A-0[CR2COR10IICR2COR,CR40CR2C
OAIII I CH /20 CH /2 HC CH2 wherein A independently represents -1210H and a moiety selected
from the stru6aINaIREISrEEARERRSTSIRYRIS: Rand s ynatydelrRraprne mqnealyeien HC CH2 and R1, R2, R3
and R4 can be the same or different and represent divalent linear and branched alkylene moieties that

contain from 1 to 10 ¢ atoms, R1 c n aI o re e ent a divalent ether ented by
1250, whereiftred TSR 12 KLAELASE IR VAL i AR SR SEIGR) contaring 1 to 5
carbon atomspﬂwmg@arbmmarhmgdsuhmmdhdm|§5reaerd mMamemmmsmegrﬁtbmelat(a E@el 2. The

CrOSS“”kab'ev&H H“?Mﬂﬁ%%%g‘d{%?ﬁ‘%%%j&i?@éerﬁ%‘@ %0 P&{Sﬁ‘%‘}&% it of

unsaturated hydroxyl terminated compoun saturat Xyl terminate poun (3) a
polyisocyanal@énd (4) a saturated glycol chain extender. 3 The thermoplastlc polyurethane of claim
1 or 2 wherein RI contains 4 carbon atoms, wherein R2 contains 4 carbon atoms, wherein R3 contains 1

carbon atom, and Wher 24 co tains 1 carbon ato
. %e t%ermop s?ic polyurethane of T’;um 1 or 2 wherein the hydroxyl terminated

compound is selected from a hydroxyl terminated polyether, a hydroxyl terminated polyester, a
hydroxyl terminated polycarbonate, a hydroxyl terminated polycaprolactone, and mixtures

thereof.

10. The thermoplastic polyurethane of claim 1 or 2 wherein the hydroxyl terminated

compound is a hydroxyl terminated random copolyester.

11. The thermoplastic polyurethane of specified in claim 1 or 2 wherein the

polyisocyanate is aromatic diisocyanate.

12. The thermoplastic polyurethane of claim 11 wherein the aromatic diisocyanate is
selected from 4,4'-methylenebis(phenyl isocyanate), m-xylene diisocyanate, p-xylene
diisocyanate, phenylene-1,4-diisocyanate, naphthalene-1,5-diisocyanate, diphenylmethane-3,3'-

dimethoxy-4,4'-diisocyanate, and toluene diisocyanate.

13. The thermoplastic polyurethane of claim 11 wherein the aromatic diisocyanate is

4,4'-methylenebis(phenyl isocyanate).

14. The thermoplastic polyurethane of claim 10 wherein the hydroxyl terminated

polyester is poly(butylene hexylene adipate) glycol.

15. A process for manufacturing a molded article which comprises (a) heating a

crosslinkable thermoplastic polyurethane composition of any one of claims 1to 14 to a



4. The crosslinkable thermoplastic polyurethane of claim 1 or 2 further comprising (5) a glycol chain
extender containing carbon-carbon double bonds. 5. The thermoplastic polyurethane of claim 4
wherein the glycol chain extender containing carbon-carbon double bonds is of the structural formula: R2
| HO- R-C-1R1-OH 1 3 R wherein Rl can be the samggr different and represent alkylene groups that
contain from 1 to 5 carbon atoms, R2 represents a hydrogen atom or an alkyl group containing from 1to 5
carbon atoms, and R3 represents an unsaturated hydrocarbyl group containing from 2 to 10 carbons
atoms. 6. The thermoplastic polyurethane of claim 5 wherein R3 of the glycol chain extender
containing CARTTAEANSCHISRBROBGHES T HIRGCIAVAIR) BeHEPETaRIases RRbRSHHENs composition; (b
3CHb2|)1bl,-Oé@ﬁb%tfﬁbifhgtrhé’lnmviwﬁi@ ®|ww}?§@ﬁgmmmﬂ%g?ﬁﬁﬁgrﬁ]&dp((7)l- coctifhg flﬁént@irrr]mag@réolon-cirbon
ouble bonds is trimethylolpropane mgnoally ether. : thermoplastic urethane of claim
wherein the JVATEHERR SUBRAEP RSN AT TR R bERBEAR HBlSAE BeRacE PRLEBPHHA Bemoplasic
polyurethanetidrandplestio/potiuisthatiei notih posatinget@ prbdved ighn plelacianti tbe 5( o) eeginivipey cenmofdée total

weight of the Lt from fe FS dﬁ%%’&&%”é?ﬁ&‘ir@‘}%’ﬁ?&m Grike'd r&d?#i%nWB,%F&QI fiEyfydroxyl terminated
compound is selected from a hydroxyl terminated polyether, a hydroxy termlnated polyester, a hydroxyl
terminated pdMERARGSHENCAYHIRIPARS et ReHEEE AR/ BEPRSREEtone, and mixtures thereof. 10. The
thermoplastic polyurethane of claim 1 or 2 wherein the hydroxyl terminated compound is a hydroxyl
terminated random copoﬁt/yester. 11, The, thermo%lastic gly rethane of s;@cified in claim 1 or 2

wherein the polyisog:?fdﬁ QQESEFBMWW%%%%. oset § C{h(é?%ﬂﬂ%lss rﬂ)"@';'/?ﬁ@thane of claim 11
wherein the arosskticblieshesranatatis gaiectathicoconddsitivethi kyeiis (b lokmykisocdanate), m-xylene

diisocyanate, p- ' 2ne-1.4-dji -1.5-diisQ¢ ,

d::ohersmlylmetﬁtan ngfegll}rﬁfémgggé %%ﬁﬁ%?ﬁr?é@ %Inﬁé%%%%ﬁ@ ﬁ%@g@@ﬂgf@% r11:"%0%?.(S??_%@Et]‘ri{g)?moplastic

polyurethaneestreing the g isherahswritiend roomashine iBuahotrxirylen alie fheagling®panate).

14. The thermepirstigeaqlieretbacs efciaimnbyineseinthrrshiand ﬂynmaam Bowssiabisteoly(butylene
e

hexylene adipate) glycol. 15. A process for manufacturing a mo| article which comprises (a)
neating a croR AR HRAFRAARE SERS: PR DB ISR ERP A BRE R BRIE AR © o - 36 -
temperature arhsshinis thb thezrtiopl astidtpudypaithiand toenplositino plesti chpohaseetihdne modupegition; (b) injecting
the thermoplﬁgﬁ]ggelyﬁrbeethane composition into a mold; (c) cooling the thermoplastic polyurethane
composition in the mold to a temperature which is below the melting point of the thermoplastic
polyurethane composition to produce the molded article; (d) removing the molded article from the mold;
gnd (e) exposing thezmeldeebay s anipirReiaHg A E@a@é@%ﬂﬁi‘heﬁ]%?@ﬁﬂi@ﬁ'&ﬁﬁﬁr%@iyw%ﬁ@ﬂ%&0”‘905'“0”
into a thermoset. = 16. A process for manufacturing a thermoset tube which comprises (a) heating a
crosslinkable TR HYSILLAN NP BiRE CoRTEGaRiIDE SPHmTiNa%E Bigsiakahls 18P herature which
is above the pudtinghanindonitbetitreoiimylastiofuiymsct hané iocmapoisitiomichsuestnuding thetdhermoplastic
polyurethane ition i e X ing t t exir t he melting
pointof he t S A o Sealade s Wl i MR SR UG
exposing theiBAxitinsctedttedyRme assiheadidito { AorBPbE8BrkvasEURdTIIEESERY iy SRR TR &ASEomposition
Into a_therm%tt@:ﬁ%mt@?ﬁ%%ﬂbﬁc;%F_Qﬂ%ﬁ@%ﬁ‘osltion 1 e N PRXERS i WA AGfingea lcoated
electrical wire which comprlseséa) passwég a metal wire through a tubing type cross-head die; (b)

extruding a cPIYSAHKBHREOTIAD IS LR BENE RYHENRAL O A LREIFF O £ 3HT B HEEPRIZMALA to 14 into a tube
which surrousxsotie) thetalrevirayingitle is@xiingitieguzingriyparadistoheacd didiak thepeed lower than that
at which the wire is exiting the tubing t ross-head. die; (c). a ing a vacuum to the die cavity so as to
cause the TR S o R N R e B IR AR e
type cross-heditedie to produce a wire having an uncured coating thereon; and (d) exposing the wire
having the uncured coating thereon to irradiation to crosslink the thermoplastic polyurethane composition
into a thermoset and to produce the coated electrical wire. 18. A wire and cable construction
comprising: (a)at ledStOME AA CRYR GARTBHARB ML Eonductor is insulated with a non- conducting
polymeric material; @nd - @%eadinAejackaticonuetivovaaickimsalthte donwedal ciovdarowimeietn said jacket is
a crosslinkabI%ntglﬁ:rtmop%a}sti%rﬁ)é)lrxﬁgentglag%composition comprising the crosslinkable thermoplastic
polyurethane composgtﬁ)nyo any one of &i%ims 1 to 14. 19. The wire and cable construction of claim
18, wherein said construction has from 2 to 8 insulated metal conductors. 20. The wire and cable
construction of claim 18, wherein said thermoplastic polyurethane further comprises at least one flame
retardant. 21. A crosslinked thermoplastic polyurethane obtainable from the crosslinkable
polyurethane of any of claims 1 to 14 by exposure to electron beam, gamma, or ultra-violet irradiation.
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(b) a jacket covering said insulated metal conductor; wherein said jacket is a
crosslinkable thermoplastic polyurethane composition comprising the crosslinkable

thermoplastic polyurethane composition of any one of claims 1 to 14.

19. The wire and cable construction of claim 18, wherein said construction has from 2 to

8 insulated metal conductors.

20. The wire and cable construction of claim 18, wherein said thermoplastic polyurethane

further comprises at least one flame retardant.

21. A crosslinked thermoplastic polyurethane obtainable from the crosslinkable
polyurethane of any of claims 1 to 14 by exposure to electron beam, gamma, or ultra-violet

irradiation.



