TPU COVPQOSI TI ONS FOR MELT COATI NG PROCESSES FI ELD OF THE | NVENTI ON 100011The
present invention relates to thernoplastic pol yurethane (TPU) conpositions
conprising a blend of two or nore fully fornmed TPU pol ythers. The two or nore
TIT polyners used in the blend have different nmelt characteristics. The ' CPU
conpositions are useful for use in nelt coating processes where the TPU
conposition is coated on a fablic substrate or to make, a filmfromthe TPU
conposition. BACKGROUND OF THE | NVENTI C]\ll 100021Ther nopl asti ¢ pol yur et hane
(TPU) polynmers have found many industrial uses because of their excellent
properties, sUPH SOMROITIPNS FORMFA:T GAATING FRQUESSED asi on resi stance, and
ease of processing. One such use is in the making of filns to nelt coat
fabrics for various end use applications. 10003] The nelt coating processes
frequently used is either an extgus e HEINVIEORKINg or a cal endet inch coating
process. Cul]-en; TPU pol %rrers .used in those processe hgg{? sone limtations
such as whenl08RH wi PSR REREOB UG LU APBYWFEH 4Tt hi n coating, havi ng
| ess than 15Qppakikisyeion@fisitPbleMl sOuwofok eauentl Yorkb@ TIPYo g0t NgewWid | need to
be processed through an enbossi nP step to correct matt and gl S§¥ .areas of the
coating. 100041PFSEESOHIETUEe] el Yepehave i incrmbmp!t EricteEsas; ﬁge Bcess in one
pass. |f | ow.£Qatitibg Mehahll fdrSsd@shdi@daMal o REdOkhdBYR. TrOf dRitpoditiseGoONd step of
enbossing is required to disguise glossy and nmatt streaks caused by the prior
art TPl 1s. THZEK cgadtlirkgubstgreatoepieidiidsm pady Vomgpiiet art TPU can al so
present problens in having a defect free coating. 100051Processors ot TPU for

melt coating also desire to operate their equi pnment at higher speeds as well
as with |ower coating wei gh&Aﬁ&G.@.%D&EEEIMEHMnd cost savings. 100061It

woul d be desj le +o ; : i | t.hat,.epuld..he precessed to
achi eve a Ioth‘ﬁcoa{rl?cﬁlgg%ﬁﬁsltlglggﬂsﬁs?&%gg@?t%g&g’gl {}%d‘t/%%%onuﬁ] 1Hatsﬁ\%e?T as a thick
coating of fywms800thtiocxd@leramopwhicd, sudhne steagingotdmoptogessk.ngrasipeed.
course, the TM| con .positioit shoul d also be capabl naki Jnedi um

Chi ckmess. cont S PRI ks PP Bh o BT A0 SRRRRNE PhIRhR BRG' T o
coating. Quafabiigs fbi fanBud dndtuscoulichtbss. made wi th one pass are al so desirable.

SUMVARY CF T{-IE%I\I\/EEE%O@I 10007] This invention relates to a thelr r‘maﬁl astic
pol yur et hanel %0¥ll) cOMpBEl 9°ERE B SicynaY bieérlﬁjm ! ‘l”\/%nbbrlm}fﬁ?éf“? ¥y forned
TPU pol yner sg; s ThRndd gt Dasefpr@isl € uten 9@ il ghtes PeUGeMksehosdi ket ful ly
fOnmed TPU polyner and from90 to 10 wei ght percent of a second fully forned

TPU pol yrer . SOTiinigiighitsugietscdivg one Whlsed con st coBpdriewdighbingpatgis) Tpu

pol yners in the IRUGATRORILRRof TEf &I MuediRondergRtaiReneeRld @ bd he first
fully fornmed TP@ polymer is from 20-go wei ght percent and the second hilly
formed TPU pobsarer thraughrapran®0sspe siueitg herrgsemee pd lpre sspsefidheatoriyng t he wei ght
percent of t irsp. Al 914 RO YIRS Ak S fi 6 R0 4060 Wejrght percent and
the second f@??{) foflﬁgéagdf%ﬁgé rnraf:rjj_{”:l)jiv;IB rl%'rlrﬁe%ﬁﬁ%d%miglmd tgn%garsp'erf]t: 100081The
first TPU potopieg weiplt it fesirgbetingriofAU Usodfiemarseamnad siopt hemimdensormutthe react i on
of (a) at least one hydr | .termn i.nter iat e, k. as a_polyol, (b)
at | ohst oncbahatne eRvEagtin LG ARG BLEIMERLTS: EEOUNLRE @ulRLY 2ol

pol ymer s havieaai Baf:t) egment THO caedsd prommitheblpod p&aanga detharide segment f or ned

fromthe c ha]'OBUﬁ Xt e}gr%ggssgrse g‘tclt }?Lgfb\fmn;[cﬂ c%zﬂ%g%lsb %gsglyeetlg 8;%@?&6 their equipment at

higher speeds as well as with lower coating weight for greater efficiency and cost

savings.

{0006] It would be desirable to have a TPU composition that could be processed to
achieve a lower coating thickness, such as 25 pm to 150 pum, as well as a thick coating of
from 300 to 400 um, while increasing the processing speed. Of course, the TPU

composition should also be capable of making medium thickness coatings, such as {50



[ 0009] The soft segnent of the two TPU polyners is different. The difference in
soft segnent can be nade by using a different nunber average nol ecul ar wei ght
polyol. The difference in M, of the polyols should be at | east 500 Daltons,
preferably at |east 750 Daltons, and nore preferably at |east [000 Dalions.
The difference in the soft segnent can al so be made by having a chemcally
different soft segment. By chemcally different, it is neant that the soft
segnents have different chem cal groups.” For exanple, one of the TPUs can have
a polyester soft segment while the other TPU can have a polyether soft

segnent. 100 I's an ob' t of esenl i entl hay
conposition %&%@Hn gsnw b tlgﬂ mt%ldrtleﬂf ”(’%é Jafl r mé *%“36%%1‘?% lelda(’n%]ﬂt o] have t he
TPI . ; conposmknmme&ﬁﬁ&bﬂ&ﬁﬂﬂbroad process wi ndow. This allows the ntlt coating
to he acconplished with a | ow coating weight, that is, having a coating

t hickness as thin as 25 tun, The nelt coating process can be run at higher
speeds and good coating qual igyMeRRWeFaptmiNgINTIoNone pass through the
coating process. acconplish this objective, Di.u conposition having
a bl end of aEOOPBast f‘%s\la“attf%%r@t Rl REPY S s 05 O demBeRER bed above.
1001211t is @l§RisAR a0Rneel vaf ortnit@e RNGIOATd TPV s, t TheM @D BeER@m Goat ed fabric
article by using the TPU co ositiaon having a bl'end of at |east two different
TN.] pol ymer'$.90Ttréeht seieed of by i%mtgﬁnﬁéih%éﬁh@ﬁrﬁFU%H%a}Ft%&W%P% cont ai ners,
inflatable |jd@nvestscandulabhted taNYaYQE: Bekteight Mhiat Abh&dah e Tihi r esses,
printing blankets and adhesive | am nates, DETAI LED DESCRI PTI ON OF THE

| NVENTI ON [ 00g8 TRl TP Harhoprasthel PF}{)F‘V’LHOetUHan%fefe('ablbuﬂ’f@dt‘ﬂ@ﬁéiﬂt‘)“ ebnposi ti ons
of the preseft ﬁh‘f‘ﬁ@i@%%é%ﬂﬂtdhﬁ@er@itrr'»rﬁ’@étxo mﬁlqttl%u bt trfartn@eecmtdw pol yners. A
fully Mnmed TP1J ymer nmeans a pol yrner has been nade by the
reaction of ﬁmﬂﬁegﬁtP@m@chwﬂpeﬁytﬂt%mﬁﬁma@ed Mirerridibht BepaiBorkein as po 1
yo ), at le 3 i n

pr ecedi ng r2§§%§ﬂ§%ﬁg$gﬂwgggpggségw g?ﬁﬁgﬂygﬁ§E§@3’“%&ﬁggﬁﬁg‘gkgh*éht aver age
nol ecul ar  wefoghed BV atlyhes fro800080veiNVpsiceTthe TPU pol ymer is cut into
pellets, gro 0 r L. [ 0014] The
TPU conpositwﬂﬁq ?ﬁ“ﬂ%ﬁnw EFL$%G§g¥%§%&F§H?€”%§@R%ae Oéﬁp&h%qﬁa%eor nor e
fully for nedreth'Unpb(aymde&t Oﬂ%rB’ﬂ@ﬂ@lhkl}l}tﬂﬂﬂbﬂﬂ?ﬁh&dt@ﬁﬂ\y(lﬂiﬁl’&amﬂpﬁ](bm fonii are

d and the pel| d.toget her t bl f the pell et
Lo T orm t e TPUPECTRBST LT 81 (LA B3 AURRLT O™ PODYS] TRG PR PO Sfer o ubed i n

this inventi @t seaiclhérarny freniepdianad a TRl dedpohyfmfied hak tl‘!ﬁ:&hdﬁﬂ@ﬂlﬂt}dﬁ:@ the art
and in the literat s long as the TN) pol yner has adequate nol ecul ar

wei ght, the wW*@‘ﬁ@?gﬁgP“tﬁm Eneral |y prepared by reacting a diisocyanate with
an internedi ghe ASUChmﬁ@ﬂaehﬂ@ﬁ@ﬁ&btﬁ&Tm&g@&@émmﬂhﬁééﬁﬁﬂheaﬁﬁMﬂE@%ﬁbﬂtern1natEd
pol yet her, a hydroxyl terni nat ed ol yearbonate or m xtures thereof, with one
or nore chai WEBRHEAHRT Baded)y USHR anhife PN SPBOREN FragTBNACHS YeHBS RN Thed in the
art. 100161TheeRydrexylortierl Ratadipel méatqfetoolmttaﬁsnsﬂte@tb@y hsegenerally a

I i near polyester havi ng a nunber average nol ecul ar wei ght” (M) of from about
500 to aboutPa®noeEod DartwrisTabias jcedt PY Prlows abouditizooctip thalolyscensno00, and
preferably fr 0 tg erally |l ess than
| 3 and prefé?ghﬁggﬁ&dgg $9“%R%gh¥%i QQnmﬁﬂm %k ‘%? mg h}&?g det er mi ned by
assay of thedlfiatem nad mfanhibni thaalft :gglompsllandlffcecxm elteatielélgrto@p:t Her pumipér, aver age
ol ecul ar. wel af, Te-ROL YITEL S, ALS.RLAduEEd, DXL d) (A ARG SEITLgati on react ion
of one or e gfycols Wi Y6r “'nor 8 Car oxyl'r ¢ aci dS or anhydri des or
(2) by transmﬂﬁﬂqudﬁcﬁﬁmmn reaction, i.e., the reaction ocone or nore glycols

wth esters boxylic, ac Mol e rat| e ss of nore

t han one nnl@BH} &ol® a%igﬂﬁFe”BP5F8?? m%% gg&f@“&ﬁﬁ&Wﬁ“]&H@ﬁr chai ns
havi ng a pr eaqnaetroamao@ta fabiidiubalatdardrexyle t@er’nupwn@umbalaheblpﬁ)blyxast er

i ntermedi ates al so._include varlous Iaetones such caprul actone typically

made from r 4pTEt HEowe TAREIOW BF FORETBAH by | wwm&sw L ilfe b 03sCogiiag hyl ene
glycol . The diigarpoxyfhkenasidsin@ihitiesdesiy 8dsneh yest gk &\@ﬂngﬁoé’ési phatic,
cycloal i phatic, aromatic, or conbinations thereof. Suitable dicarboxylic acids
whi ch may be used alone or in mxtures generally have a total of from4 to 15
carbon atons and include: succinic, glutaric, adipic, pinelie, suberic,
azel ai c, scbacic, dodeeanedioic,| SOpllih lilt terephthalic, cyel obexaneboxyli
C, and thei ke Anhydrides of the above dicarboxylic acids such as phthalic
anhydride, tetrahydrophthalie anhydride, or the |ike, can also be used. Adipic
aC|d IS the preferred acid. The glycols mhlch are reacted to fonn a desirable
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cycl ohexanedi net hanol , decanetl iyl enedodecanet hyl ene gl ycol, and the |iKke,
1,4-butanediol is the preferred glycol. [0017] Hydroxyl term nated pol yet her

i nternedi ates are pol yether polyols derived froma diol or polyol having a
total of train 2 to 1:5 carbon atons, preferably an al kyl din] or glycol which
is reacted with an ether conprising an al kyl ene oxi de having from2 to 6
carbon atons, typically ethylene oxide of propylene oxide or m xtures thereof.
For exanpl e, hydroxyl functional polyether can be produced by first reacting
propyl ene glycol wth propylene oxi de foll owed by subsequent reaction with

et hyl ene oxi de., Pri doxx)q gc%dc():lél ﬁxggﬁ%ql %Ann[% Jbga%{g'd%# gﬁ’c pgi%eth%)é!ﬂde are nore

reactive thaﬁnggggh ﬁ?“héggoxy groups

comer ci al pidk yetiheprgpesyol s i ncl ude poly(ethylene egcoI) conprising ethyl ene

oxi de reacte t hyl en, ol y{.pro i ng

propyl ene ox&ﬂghrea ?@ﬂOWPﬁﬁqb¥8g§ﬁBP %é%FM“338P9“¥ L%W%?hy#ﬂslycol)
conpri sing Mﬁkﬁﬁﬁéxa&dﬁ%cﬂmﬁéﬂs irehﬁeﬁhysdl’eﬁflibb@.ﬂ)o(xE’TI\/G) Pol yt et ranet hyl ene et her
glycol (PT re e o et her internedjate. et her _pol yol s
further |ncI§%E”poI§5ﬁﬁﬁemé ﬁEF§ ‘@§W”§FWQFbWémﬁbfﬁe“§ﬁ f‘&ﬁ”?%é&ude, f or
exanpl e, et hyl engdhamPecasdich eAnPL behdgr & hastieaatiiem: PPOGUBIncaf

et hyl enedi ani_.ne and pr.opyl ene oxi de dletﬁ%lenetrla f@%ﬁgdUCt C npr|5|ng t he

reaction probtfcto6r fhiie CHy1eehed oirsratAe i bR cor BRI ‘é“’b&ﬁ"& simlar

pol yam de t ypes RehWSENRIs, ROt YDl Sir (GRRGIYEHARS beARerah &R Wlinhinged in the
current invention. yplcal copol yethers include the reaction product of THE
and et hyl ene oxide or TI-IF and propyl ene oxi de. These are avail abl e from BASF
as Poly THF B, a bl ock gapoliyrBrERNdppeLY oFHE RN @ NARdom copol ymer. The
various polyether internmedates enerallﬁﬁhave a nunber average nol ecul ar

wei ght (V) , [0883]det Erntheragrlssticabayetomes HE U for shoparonnanidpionale 1jeslips which is
an average l feast Rfo f0QMAROEHUEOANEA abaut 10098 Dal tons,
desirably f?gkgﬁg}@&n 8gh %t§EUUIg 00, an? Feferabﬁé ?r8n1about 700 to
about 3, 000. pdiP0481Fhea EBWye@moﬂiattlmé baﬂymcbdpMWrreﬁtch@nef Ppolymee of this

i nvention | I i ydroxyl
torm nated pOLyoR EanAre HRARIR R E R EPAL Gy M D Bl Bl Y
poIyearbonataﬂmﬁhwben@mepamedabyhdmaﬁﬂn@gmmmghyenbaMMﬁhﬁam@éﬂﬁonate

100191U. S. Pat ent ereb |nc I po e for its
di scl osure o?hﬂ9ﬂ¥% WdegﬁﬁﬁﬁgFgﬁnﬁng é?%éﬁ %e%ﬁd§§ e|$%6repaﬂg?fon Such
poIycarbonat@ﬁwﬁ@eqhkmﬂ@peRmdghauanmemnmn@thmﬁnﬂmwﬂmgmﬁHWKWmmmmﬁ,essentlaI

excl usi on of n gr ou The essential freac s are cols and
oarbonar os. E141a01 B e et e Sbid ratt iy gy loGar BRATI g o4 | phat 1
cliols cont a;hﬂﬂcﬁ@l]y‘lfohﬁuﬁﬂ% ﬁ(ﬁlS’m@:ﬁef’ﬁﬂ@!&lly téo TOULR! w«ha @ua;tt QB ar@dd f rom

pol yoxyal kyl enc glycols contain to al koxy H per nol ecular with

each al koxy Y¥dbpPeishiess by H'ﬁ“%‘it‘%‘éeﬁle&@r%‘@ﬁ aa‘ilﬁﬁjsof ﬁﬁl%ﬁr s i fornticd for use in

t he present &ﬁﬁ%@th@fﬁ@Qh@ﬂ@nﬁ|IphatIC dials containing 4 to 12 carbon atons
such as buranedio , _pent anedi ol neopentyl glycol, hexanedi ol-1, 6.

2,2, 4-trir ne&ﬂﬂﬁlhexﬁhq@%}r palymes usifdp Ahedvenion g2 By spjeratwd Y i nol eyl gl ycol |
hydr ogenat e%ﬁ*]&rqw&% 60k 1o ARdaYElaRl Hphakl & 191'1@4«%@13@ p@$mu‘ has

cycl ohexanc , dimeth ylolcyel oh exane-1, 4, cycl ohex an edi ol-1, 4,

di et hyl ol cy@le@xmlaﬁieuiarsvelféﬁd“éhﬁ Hy polvinprcis geiwwwaeclhym@t%mt hyl
cyelohexane ) o jreaction nmay
be a single |0&M§$E§%h?¥%%$§m%F% &Jde&g%(X\qgnﬁgﬁkﬁo§%$gbbg s desired in
t he finishedupmnﬁumpoy@m@ZGDBuhyemnmomatgﬂwmﬂmnﬂedrmb@memhach‘aﬁh0hydroxyl

term nated are generally t ho nown to. and iterature.

Sui t abl e nai{"! %‘ %%“a?é“§6r%@#ﬁﬂ“%%%h%“@rwvw”ﬁ3* %Fﬁ%ﬁg?§§a§0nposed of a5to
7 menbered rjopgeihavirnghidheyf @hhionedgy gsnedmmbdinid @herall) o Mnar poliRstes a
saturated divalent radical con nin to 6.1inear r a Sui t abl e

car bonat es f%P”ﬁ%@“ﬁﬁ?b?ﬁ“%hEP&H@ﬁ%?%§WéW@)E%é%%ﬁ%f%§&1?l h@q@%e car bonat e,

t et ramet hyl epgiardonaleion a@npPr@PY B0 STBH AN @iseemablv chlatabwzeoe tecar bonat e.

2, 3-butyl ene carbonate, 1, 2-ethyl ene car bonat e yl ene car bonat e,

1, 4- pent yl endoektH¥hat ésid purger ﬁ‘é‘f‘?f%‘/llyé%ét%rl @d‘ﬁéﬂj’é’fm ‘gﬁl’j ‘325 thalb{eﬁt ylene

car bonat e. [ 00211Al so, suitable herein are dial kyl earbonates, cycloaliphatic
carbonates, and di aryl eabonatcs. The di al kyl carbonatcs can contain 2 to 5
carbon atons in each al kyl group and specific exanples thereof are

di et hyl car bonat e and di propyl carbonate. Cycl oaliphatic carbonates, especially
dlcydoallphatlc car bonates, can contaln 4 to 7 carbon atoms in each cycfle
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erimerature of 100C to 300C and at a pressure. in the range of 0.1 to 300 mm
of -7- mercury in the presence or absence of an ester interchange catal yst,
while renmoving |low "ooiling glycols by distill anon_ [00231More specifically,
t he hydroxyl term nated pol yearbonates are prepared in two stages. In the
first stage, a glycol is reacted with an al kyl ene carbonate to Conn a | ow

nol ecul ar wei ght hydroxyl term nated po%gcarbonate. The | ower boiling point
glycol is renoved by distillation 41100C. tp 300C, preferably at 150C to 250C,
under a reduced pressure of 10 to 30 min Hg, preferably 50 to 200 min Hg. A

react i on m weaEeTRabE iR Btmke BT Rabr el el BT P th ool b and

t he unr eact egh:tad kyhtenevear honatar ﬁ&@htg|1M6@b].yﬁ1@1&@teqj’iba\ﬂt£b)r(81} wined to the
reacti on vessel . as. refl ux, t‘cAﬂdcurrent of rtiagas or_.a |nert oI vent can be

used to faci FYEECEPRSHAL O ‘“Bif‘“ﬁ?‘é’éﬁ?@ raerg diearoxyli 46ld8 ° \Wien amount

of by-pr Oducalhgh;y&:@hra bﬁtrﬁ%@tﬁﬁﬁh@ﬂﬁr@&txbﬂﬂ&% degtR80106 RObYRBF Ky’zbblson of the
hydr oxyl term nated ]p ycarbonate is in t he ran e of 2to IC the pressure is
B

gradual |y rediedert of dedbegliaeridh g laheruerby t*?qxp?*@a@a& AR WEMond al kyl enC
car b;)nat edaréf f]f‘cghp%ea@rd Jé"ﬂ;r@feﬂﬁf lﬁﬁabtuh@otb%ﬁ%a{?kﬂzgnmm an% p&%?ﬁ’&%n%& t@igg of

reaction durin ic ow wol eeul . ar weig I ox erm nate

pol ycar bonat @ni?rgalébf\@éwéwmy?w@lq Aobierie 16%Cflﬂ<gi|1%a|1soa@¥mite VRBOWS GCHREES at  100T

t 0300C, pref n Hg until

t he desired Gn’{) ?I%L?Q 1\/?/?32%0&%3 W?? gi)ﬁ%g%ﬁdo oxg{p??iér%nq%r?gé egﬁ%gflg%agr Q%a]ri?art eis

attai ned. Miuelb uf’. far:thvlémggdifwé Mhe cbtfaﬂtdxehmaymbmiwc degredipnbted cpebé year bonat es can

varyfromab 000 e it WI|| be

inther angeﬁlc?ﬁmtgtﬁgy ﬁo‘ﬂ@ggb aﬂ%gﬁlﬂ‘i’@u n%’ Oem’eﬂEiZ eeor%derl%ic ﬂgﬁo%?l? ‘“‘"‘,5

ext enders) awbichomebe adedph)ae nculmxmmswtneﬁ:dmlwavgi zy)czd)bﬁfmmmmgs farlom about 2 to

about 10 carbon at i nclu for i.nsta th Iene col, ciiethyl ene
G 1St g

gl ycol , propYyP8hd" gﬁ@‘é‘% Su%ﬂ)’?l Maéﬁea%?“émm lL1 ‘B t‘laﬂaé& 8C1%1 " 15 hexanedi ol ,

1, 3- but anedi @jdﬁca:iw&ﬁmlaelﬁﬁlﬁﬂﬁdi @ehephil;a‘ﬁc cyabohexanedbixped, faﬁdlﬂhle iik2ydr oqui none

di (hydroxyet eop col dth , W th 1, 4-butanedi ol

bei ng prefer %éﬂ*“‘% ‘%S’Wﬂ%"%‘g ‘1}’/1%61 Sﬁﬁiﬂ ?ﬁé‘éﬂ"ﬁﬁ\l&t he TPI: conposition
of this invegt: h]@ﬂrdpﬁthglﬁﬂﬁlh@(h &, dragieifer omatdecabhavednat adi isiteiprdiat es such as
4 hydroxyl term nate yesters, pol yet her, or polycarbonate, preferably

pol yet her, vwﬁl%h'lh%lbfcegt“ﬁ | Fomate o\xﬁn’phi%stlslp%tsgparnlt%édwﬁwﬂ@r ably a

df i Soeyanat ewhpﬂ%ﬂ&“&o}%&@ o%&n‘i’&ﬁlﬁkngﬂx&‘é@ﬂ d&ﬁ%k{é%blt&{ of Bom@ 1§92 eabhdi£d one-shot
process or sinultaneous wen:bon of po 'yester, polycarbonatc or poiyetlier

i nt er medi at eatouis. MB‘@)WILMQﬁtévlem'gd“éﬂetlé’l‘lléfepdﬂgﬁiybéﬁ‘ﬁl@pdp?(b@ubé batahediH. nol ecul ar
wei ght |inea : | yeer ... r n 0 ks generally
wel | known t%4tbﬁ3y‘:a€($‘ %ﬂg&p%%? ﬁl 1 (eifgéige%)?é' "’a(frlfa1 ehﬁ @E&@ghﬁcﬁm{; hod may be
used. The wyghﬁe:ame;hagt@dlmlcbwhdnlmlggml Qmamﬂh\ﬁdme gbkTUapiohyhiler, i s
general ly abpythSO dQOQIRt]e le?emg land preferably from about 70,000 to about
250, 000 Dal t dns. R \R;EI ght anmpbunt of dlisocyanate to the total
equi val ent w@bght a]ﬂmdrmylmcfnnmawﬂqmybthemnmanmm@ scompaenpsyolt hatveils t he

hydr oxyl term na 0 ter I her. ar bonat.e,. .and ext ender
alycol 13 P AE0aP RS2 The uBRIYFE05G o FELPRUERIRE PRI RO R “EMGe, o Bbout
1. 02, and pr@feycabhyich rsoracalauth L.cthér I(ﬁ)n]:&bmgtan L1ORbe 0,5t kablgardi 2 socyanat es

i ncl ude aromatic diisoe ates such, as: hyl enebi s (phenyl isocyanate)
(MDL), m xyl SRR H @B{%}%%&@e‘te)@rd)ﬂ ot B’ﬁ’@?"ﬁg‘ﬁl %ﬁ‘i‘f ‘}1/ R @B&‘{)?gn]g‘%{e,

napht hal ene- dadpledhydQGY anal@al polyethn,r can be produced by first reacting propylene

di phenyl net hanc- 3, 3T- di nmet hoxy- i soeyanat e and tol uene diisocyanate

(11.)1): as sal Wik psﬂwbﬁfawéc @ﬂlP‘é%fHV“aWQ%C@%‘“’étféﬁloa‘é”‘ﬁ’s‘élbﬁ%’reé’ﬁlékd| i soeyanat e
(IPDO, 1, 4- CD’I‘E]*]‘A}E%S{(YYBX\QI hﬁl@@%@xﬂ@ﬁ@tr&)@é@lﬁene degane 1111-)1611351:‘11@& IIBecMaRaLe, and

di cycl ohexyl i net hane- 4 4% di i socyanate. The nost lpre erred diisocyanate is
4,41- net hyl eebisgptsmps t Hus eesypariares)) | Usefubcommaprial mheieartivghiwludel ecul ar

wei ght TPU p, n smal | anmount of a
cross |inki n&h%al{ggﬁfhi%g@oﬁ (ro% m {::% tm]bl t‘@qu%Lgt\ggg}Ethﬁé{L%%('@% 0 i nduce cross

l'i nki ng. Thep(wfpmpplema‘glg;mxb)s@mpnmhg pgpegentxidesedtddsviprafmiablaiyebless than 2 nol e
percent of the total noles of chain extender, and nore preferably less than 1
nol e percent, A particularly desirable nethod to increase the nol ecul ar wei ght
in the preferred Tpu polyner is to replace less than 1 nole percent of the

1, 4-but anedi ol chain extender with trimethylol propane (I M), 10026]1n the
one- shot pol yrrerl zation process which generall y occurs in si tu a sinul taneous
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1002911 n TPU pol ymers, a higher polyol nolecular weight gives greater degree
of phase separation between the hard bl ock and the soft block of the polyner.

The hard block will be better defined and cause hi gher nelting
Characteristics. The Te will be sharper and higher and the Tg will be | ower
with a higher Mh nolyol. It is believed that because the Tpu polyners used in

the TPU conposition are different, they have different nelt properties.
Because the TPU pol yners have different 'nelt properties, they are sonewhat
inconpatible froma nelt standpoi nt and this feature | eads to the good

processi ng at The dlffe t _properties of the |IPU
pol yners al I%w(?el\ftvé‘ tgﬁjpﬁgg‘t" i‘0 pt 3'%‘5%?‘3%‘%5‘5@ iy ‘Ilr?g@%lg\ﬁsig at a | ower
coati ng wei ghilytandnatyifrastier gsaﬁeMEMEthetwh ﬁréféﬁﬁh;tolmlet iﬂwxmﬁﬁﬁ&i es of the W

pol ymers can_he achi eved by | i ff t _oI I's klngthe TP Us,
Do Yoscri booPdmule rus Rt PruPenti g B e B RRE TRy o s bei ng
chem cal I'y dintf.es, %}texalﬁ}bl@‘leti@&n@dﬂ@m@t@a&d@fu(ﬂﬁjtt@ﬁh@teﬂ@dcﬁ&%@ﬂuifﬁ’ﬂ and the ot her

pol ymer bei ng% y-ether 7 U. 10030 The TPI I osition of this invention
i s made by bf léxtateﬁﬁmawrﬁnﬁgfwlﬁm v%#w@u e‘l*F‘Ualﬁt’J’Wtr*T{gt“ WotRsRE et ul 1y

pol 1 ot zed [pto pel 1t ot The el [ os of “¢ach 100" polyier san be dry

bl ended to fRHYAtitchacrEy @‘éj??p‘)b‘éh‘t‘l(@ﬂ“frh‘émﬂt%d oy perest @oitignal ¥6cdbe i nt oget her
in a melt mjpg.iBsHanRe 1RYeRH8S B3R &% THEGE etﬁ’ﬁgtettﬂﬁ{e%‘r)fﬁ‘i”aﬁd he -10-
pelletized to formthe TPU conposition in pellet" form The level of the first
Tpu pol yner rapY¢e oxpEy dberp 6% 2 kiRl teort B, QSPQIM THY R bk cperigeeit , preferably
fromSOto r N i ght
percent. The ¥ l\ghtgt Rt &ﬁ&g}%&gﬁﬁgﬁ% ;i/}ht a%ﬁ&% %e [n(Pépn)@/@r%t%p‘i’eéglfa }rﬁgm 10 to 90
wei ght per celritve 2 prebearaphge heloml@0vcight SOwe dgrermiped bentsay @bk woniealpr ef er abl y
from40 to ( cen. t i in the form
of a bl end of e arer e RS E e B RERaD coBub Whe oy

cont ai ni ng bwaO-DaTtbhqodbsym’ﬂy$mtrsabbetd500cno aonre, 00(c eat prafgrabyUiqumenit 7GDhe mel t
coating eqw&mg ﬁ@g be any of those known to those skilled in the art of
nmelt coati ng, a cal ender or extrusion nelt coating. The extrusion flat

di e process [0018xt riisi mexIbom biaskdp@roc@ss: poamddef tiseavditome prepred an

unsupported filmas thin a Th hin filmcan b lied to fabric with
heat  and. pr dRSEISTR IUREHTTH BUROTHT A AN CEPT OIS PORKE DT Ediiposi t1 on 1S
el t process@dintel{cAd@h ThEey B ePHPERS 5b NSRRI RIFERY prbrddaryMeaihg h m whi ch can
be collected in the formof a filmor preferably applied hot to a fabric
substrate, t@yeledhe cgbTPY coated fabric. 10032JThe coating thickness is

usual 'y fromgapgut 2% mﬁtﬁ\t}a@@w 7%41qghét@3y 19€(%(§5t@tlpbyre]}"éi%§9%t 90 pmto about
350 um 100331The coated fabric can he used make fl exi bl e contai ners,

i nfl atabl e |difdosyest §ydrpxf aniisied Pplaﬁftlb(mdéeﬁ%t&@r‘ pisairplson. iSwEl at abl e air

mat t resses, pf hesi.: 034] The
fabric that @é‘ﬁ’g )gp%%%rgﬁl@}é ﬁﬂ%g%ﬁgégvﬁp%@a%ﬁ&% ? qggﬁ?@l %%%%ﬁtnljb gn can be
any- of the aiwrtamhifadpries, Ths sshntas reoetganie ebieolp pot giatm@te# abrtakls. Exanpl es

of organic fa .- R0l.yest er I ar bon.
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sur pri sing t;haﬁ:mbh/et tbll@retbof atdiRk) apd)Iﬁym@m@omaﬁ&é@&gﬁtcet\xemthlehtt,érto than eit her
TPU pol ynmer individual |y when a single TPU po s _made by m xing
the pol yol s ¥& "étrgt‘?tt?ép%tﬁmat‘C&ﬁ‘ﬁ&t‘ﬁ’(‘]’ﬁ‘r@dﬂm’§%§P ‘vﬂt{i“?,‘ﬁ ﬁé‘%ffl’tﬁabﬁ%s conposi tion
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TPU pol yner s2 2 haghediieftasessichs, asca6@li@ri nghagenhsied fitiameyp@tar dants, UV and
heat stabilizers, wax, fillers, and the |ike, can be added to the TPU

conposi t i on.hvirecad diplerelarol i grden whits dalhsush ahawbesngdie-bi both of the
TPU pol yner s;wb@ ol @Mh&%ﬁ‘c p@'&@loﬂ%@ﬁ’edﬂﬂ 1cainheaddednduntng {he nmelt
processing of the blend of t wo ol ymers to formthe TPU conposition.
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EXAM FL ES 10038] Three separate TPU pol ynmers were produced by the one-shot
processas TPLI Polyner 1 -was a pol yether TPU, nmade by reacting a 2000 M
PTNAEG pol ypi. | ,-4-butanediel, and MDL. The pol yner produced had a Mwv of

: 20,000 Daltons and a Shore. A deroneter of 75. TM) Polyner 2 -was a

pol yet her TRU, nmade by reacting a 1000 Mh PTMEG pol yol, 1, 4-butanediel, and
MDT. The pol yner produced had a Mv o F t,. 20,000 Dal tons and a Shore, A
duroneter of 82. TPU Polyner 3 -was a p‘ayester TPU, made by reacting a 1000
Mt pol ybutyl ene adi pate pol yol, ethylene egcoI and MD1. The polyner had a
Mv of 110, 00 t.t ons .a d a Shore 70. Th rs (1-3)
wer o eval uat S THOPURAORT Fo R Rs il Sh T G e SR R R Rban  bel bw
EXAMPLES 1- Gpﬁmﬁ%él&ﬁ%ﬁ&%ﬂﬁVEnEMANEbﬁﬁt7 6 100391TPU bl ends mere created by dry

bl endi ng pel of the TPU p 6 L he 6 bl ends
oo Shoon” nloBal o Pomgrdra Bt g AR ol Gt L e ont v 5 TPD
pol ymer: - 1@ose known tolBbifcand in the literature. Suitable carbonates are selected from

alkylene carbonates composed of a 5 to 7 membered ring having the following general

formula:

O

i
VAN
N

where R is a saturated divalent radical containing 2 to 6 linear carbon atoms. Suitable
carbonates for use hercin include ethylene carbonate, trimethylene carbonate,
tetramethylene carbonate, 1,2-propylene carbonate, 1,2-butylene carbonate, 2,3-butylene
carhonate, 1,2-ethylene carbonate, 1,3-pentylene carbonate, 1,4-pentylene carbonate, 2.3~
pentylene carbonate, and 2,4-pentylene carbonate.

[0621] Also, suitable herein are diatkyvicarbonates, cycloaliphatic carbonates, and
diarylcarbonates. The dialkylcarbonates can contain 2 to 3 carbon atoms in each alkyl
group and specific examples thereof are diethylcarbonate and dipropylcarbonate.
Cycloaliphatic carbonates, especially dicycloaliphatic carbonates, can contain 4 to 7
carbon atoms in each eyclic structure, and there can be one or two of such structures.
When one group 1s cycloaliphatic, the other can be either alkyl or aryl, On the other
hand, if one group is aryl, the other can be alkyl or eycloaliphatic. Preferred examples of
diarylcarbonates, which can contain 6 to 20 carbon atoms in each aryl group, are
diphenylcarbonate, ditolylcarbonate, and dinaphthylearbonate.

[00622] The reaction is carried out by reacting a glycol with a carbonate, preferably an
alkylene carbonate in the molar range of 10:1 to 1:10, but preferably 3:1 to I:3 ata

temperature of 100°C to 300°C and at a pressure in the range of 0.1 to 300 mm of
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mercury in the presence or absence of an ester interchange catalyst, while removing low
boiling glycols by distillation.

[0023] More specifically, the hydroxyl terminated polycarbonates are prepared in
two stages. In the first stage, a glycol is reacted with an alkylene carbonate to form a
jow molecular weight hydroxy! terminated polycarbonate. The lower boiling point
glycol 1s removed by distillation at 100°C to 300°C, preferably at 150°C to 250°C, under
a reduced pressure of 10 to 30 mm Hg, preferably 50 to 200 mm Hg. A fractionating
column is used to separate the by-product glycol from the reaction mixture, The by-
product glycol is taken off the top of the column and the unreacted alkylene carbonate
and glycol reactant are returned to the reaction vessel as reflux. A curvent of inert gas or
an inert solvent can be used to facilitate removal of by-product glycol as it is formed.
When amount of by-product glycol obtained indicates that degree of polymerization of
the hydroxyl terminated polycarbonate is in the range of 2 to 10, the pressure is gradually
reduced to 0.1 to 10 mm Hg and the unreacted glycol and alkylene carbonate are
removed. This marks the beginning of the second stage of reaction during which the low
molecular weight hydroxyl terminated polycarbonate is condensed by distilling off
glveol as it is formed at 1007C to 300°C, preferably 150°C ta 250°C and at a pressure of
0.1 to 10 mm Hg until the desired molecular weight of the hydroxyl terminated
pelycarbonate is attained. Molecular weight (Mn) of the hydroxyl terminated
polycarbonates can vary from about SO0 to about 10,000 but in a preferred embodiment,
it will be in the range of 500 to 2500.

0024} Suitable extender glyeols (i.e., chain extenders) are lower aliphatic or short
chain glycols having from about 2 to about 10 carbon atoms and include for instance
ethylene glycol, diethylene glycol, propylene glyveol, dipropylene giyeol, 1,4-butanediol,
1,6-hexanediol, 1,3-butanediol, 1,53-pentanediol, 1,4-cyclohexanedimethanol
hydroguinone di(hydroxyethyl) ether, neopentygliyeol, and the like, with 1,4-butanediol
being preferred.

[0025) The desired TPU polymer used in the TPU composition of this invention is
generally made from the above-noted intermediates such as a hydrox vl terminated
polvesters, polyether, or polvearbonate, preferably polyether, which is further reacted

with a polyisocyanate, preferably a diisocyanate, along with extender glycol desirably in
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a so-called one-shot process or simultanemus coreaction of polyester, polycarbonate or
polyether intermediate, diisocyanate, and extender glycol to produce a high molecular
weight linear TPU polymer. The preparation of the macroglycol is generally well known
to the art and to the literature and any suitable method may be used. The weight average
molecular weight (Mw} of the TPU polymer is generally about 50,000 to 800,000, and
preferably from about 70,000 to about 250,000 Daltons. The equivalent weight amount
of diisocyanate to the total equivalent weight amount of hydroxyl containing
components, that 1s the hyvdroxyl terminated polyester, polyether, or poycarbonate, and
chain extender giycol, is from about 0.95 to about 1.10, desirably from about 0.96 to
about 1.02, and preferably from about 0.97 to about 1.005. Suitable diisocyanates
include aromatic diisocyanates such as: 4,4-methylenebis-(phenyl isocyanate) (MDI);
m-xylylene diisocyanate (XD1), phenylene-1,4-diisocyanate, naphthalene-1,5-
diisocyanate, diphenylmethane-3,3'-dimethoxy-4,4'-diisocyanate and totuene
diisocyanate (TD1); as well as aliphatic diisocyanates such as isophorone diisocyanate
(IPDI}, 1,4-cyclohexyl dusocvanate (CHDI), decane-1, 10-diisocyanate, and
dicyclohexylmethane-4,4-diisocyanate. The most preferred diisocyanate is 4,4'-
methyiencbis(phenyl isocyanate), i.e., MDI. When 4 higher molecular weight TPU
polymer is desired, it can be achieved by using a small amount of a cross linking agent
having a functionality greater than 2.0 to induce cross linking., The amount of cross
linking agent used is preferably less than 2 mole percent of the total moles of chain
extender, and more preferably less than 1 mole percent. A particularly desirable method
to increase the molecular weight in the preferred TPU polymer is to replace Jess than 1
mole percent of the 1,.4-butanediol chain extender with frimethylol propane (TMP).
[0026] In the one-shot polymerization process which generally oceurs in situ, a
simuitaneous reaction occurs between three components, that is, the one or more
mtermediates, the one or more diisocyanates, and the one or more extender glveols, with
the reaction generally being initiated at temperatures of from about 100°C to about
120°C. Inasmuch as the reaction is exothermic, the reaction temperature generally
increases to about 220°C-250°C.

[6027] The TPU polymers in the TPU compositions of this invention have a weight

average molecular weight (Mw), as measured according to gel permeation
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chromatography (GPC) against polystyrene standard, of from about 50,000 to about
800,000 Daltons, preferably from about 70,000 to about 250,000 Daltons.

[0028] The TPU composition comprises a blend of two or more TPU polymers,
preferably two TPU polymers. Both TPU polymers used are fully formed TPU
polymers, that is they each have a weight average molecular weight of 50,000 Daltons or
greater. The two TPU polymers are ditferent polymers. The difference in the TPU
polymers can be a difference in the number average molecular weight of the soft segment
{polvol) of the TPUs. The difference between the molecular weight of the polyol used to
make the TPUs should be at teast 500 Daltons, preferably at least 750 Daltons, and more
preferably about 1000 Daltens. The TPUs in the composition can also be different
chemically, That is, one TPU polymer can be a polvester TPU (has a polyester soft
segment) while the other TPU polymer can be a polyether TPU (has a polyether soft
segment).

[0029] In TPU polymers, a higher polyol molecular weight gives greater degree of
phase separation between the hard block and the soft block of the polymer. The hard
block will be better defined and cause higher melting characteristics, The Tc¢ will be
sharper and higher and the Tg will be lower with a higher Mn polyol. 1t is believed that
because the TPU polymers used in the TPU composition are different, they have
different melt properties. Because the TPU polymers have different melt properties, they
are somewhat incompatible from a melt standpoint and this feature leads to the good
processing at low coating weight. The different melt properties of the TPU polymers
allow the composition to be processed in a melt coating at a lower coating weight and at
faster speeds. The different melt properties of the TPU polymers can be achieved hy
using different Mn polyols when making the TPUs, as described above or the difference
can be achieved by the polyols being chemically different, such as one polymer being a
polyester TPU and the other potymer being a polyether TPU.

[6030] The TPU composition of this invention is made by blending a first fully
formed TPU polymer with a second fully formed TPU polymer. The first and second
TPU polymer can each be made and pelletized into pellet form. The pellets of each TPU
polymer can be dry blended to form the TPU composition. The two polymers could also

be mixed together in a melt mixing machine, such as an extruder, and the mixture be
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pelletized to form the TPU composition in pellet form. The level of the first TPU
polymer in the TPU composition is from 90 to 10 weight percent, preferably from 80 to
20 weight percent, and more preferably from 60 to 40 weight percent. The level of the
second fully formed TPU polymer is from 10 to 90 weight percent, preferably from 20 to
80 weight percent, and more preferably from 40 to 60 weight percent,

[0031] The TPU composition, either in the form of a blend of pellets of both TPU
polymers or as a homogeneous pellet containing both TPU polymers is fed to a melt
coating equipment. The melt coating equipment can be any of those known to those
skilled in the art of melt coating, such as a calender or extrusion melt coating. The
extrusion flat die process or extrusion blown film process can be used to achieve an
unsupported film as thin as 25 pm. The thin film can be applied to fabric with heat and
pressure or used in other film applications. The TPU composition is melt processed
through the melt processing equipment to form a film which can be collected in the form
of a film or preferably applied hot to a fabric substrate, to create a TPU coated fabric.
[0032] The coating thickness is usually from about 25 um to about 400 pum,
preferably from about 90 pum to about 350 pm.

[0033] The coated fabric can be used to make flexible containers, inflatable life
vests, inflatable rafts, conveyor belts, inflatable air mattresses, printing blankets,
adhesive laminates, and the like.

[0034] The fabric that can be coated with the TPU composition of this invention can
be any of the normal fabrics, such as organic or inerganic fabrics. Examples of organic
fabrics include nylon, polyester, polypropviene, and carbon, Examples of inorganic
fabrics include glass and steel.

[0035] It is quite surprising that the blend of TPU polymers processed even better
than either TPU polymer individually. Also, when a single TPU polymer was made by
mixing the polyols to arrive at a single TPU polymer which had the same composition as
the blend of two TPU polymers, the single TPU polymer did not process in the melt
coating process as well as the blend TPU composition of this invention.

[0036] The TPU composition can contain other ingredients, other than TPU
polymers. Ingredients such as coloring agents, flame retardants, UV and heat stabilizers,

wax, filless, and the like, can be added to the TPU composition. The addition of
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ingredients can be made to one or both of the TPU polymers when they are being made
or can be added during the meilt processing of the blend of the two TPU polymers to
form the TPU composition.

[0037]  The invention will be better understood by referring to the following

examples.
EXAMPLES
[0038] Three separate TPU polymers were produced by the one-shot process as
follows:
TPU Polymer 1 - was a polyether TPU, made by reacting a 2000 Mn
PTMEG polyol, 1,4-butanediol, and MDIL. The polymer
produced had a Mw of 120,000 Daltons and a Shore A
durometer of 75.
TPU Polymer 2 - was a polyether TPU, made by reacting a 1000 Mn
PTMEG polyol, 1,4-butanediol, and MD1. The polymer
produced had a Mw of 120,000 Daltons and a Shore A
durometer of 82.
TPU Polymer 3 ~ was a polyester TPU, made by reacting a 1000 Mn

polybutylene adipate polyol, ethylene glycol, and MDL
The polymer had a Mw of 110,000 Daltons and a Shore A
durometer of 70.

The TPU polymers (1-3) were evaluated individually and as blends for melt processing

as shown below,

EXAMPLES 1-6 AND COMPARATIVE EXAMPLES 7-9
[0039] TPU biends were created by dry blending pellets of the TPU polvmers. The

ratio (by weight} of the 6 blends are shown in Table I below as well as 3 comparative

examples with only 1 TPU polymer:



70 60 100l [ 0040] The bl ends (Exanples 1-6) and conparative
single polyners (Conparative Exanples 7-9) were evaluated in a pilot
extruder-melt roll coating line to determ ne the processability of the bl ends.
The extruder used was a co-totaling twin screwwith a 35 LID screw. The nelt
roil cater used was a 2 bow inclined, 80 CMw de. The extruder tenperature
profile was 175C to 160C, and the nelt ter bow tenperature was 140C to
1600. The coat width was set at 50 cm [00411The bl ends and the conparative
(single polymer) exanples were evaluated | br (a) stable nelt viscosity and

strength to faettat-e—conveyance—of 2 i.%truded ret-t—+roepe—to—the—2 bow nelt
roll coater, (b) the nip-pressure to Obt4din_a coat thickness of 100 g0117I
(90um at 5 mmn. coating speed, and (c) the % ingrease tn coatgng wei ght as
coating speed was increasedufrom 5/ @imi td 8 MnErt,) ang 12 v §in,
= & =3 e e 1B EE- & 5 g 3
s |5 (8§ E E ' E 18 E | E 2 |E &
A < T T S (- I - 8 |43
8§ AN = 1 S8 &% Wl E-_:L SN 8, 8
Polymer 1 80 70 60 15 30 40 100 - .
[ Polymer 2 2001 30 | 40 | - - - - 100 -
Polymer 3 B SRS V0 60 - - 100
{0040] The blends (Examples 1-6) and comparative single polymers {Comparative

Examples 7-9) were evaluated ity a pilot extruder-melt roll coating line to determine the
processability of the blends. The extruder used was a co-rotating twin screw with a 33
L/D screw. The melt roll coater used was a 2 bowl inclined, 80 cm wide. The extruder
temperature profile was 175°C to 160°C, and the melt coater bow! temperature was
140°C to 160°C. The coat width was set at 50 cm.

6041} The biends and the comparative (single polymer) examples were evaluated
for (a) stable melt viscosity and strength to facilitate conveyance of an extruded melt
rope to the 2 bowl melt roli coater, (b) the nip-pressure to obtain a coat thickness of 100
g/m’” (90pm) at § m/min, coating speed, and (c) the % increase in coating weight as
coating speed was increased from 5 m/min. to 8§ m/min. and 12 m/min.

{0042] The results are shown in Table Il below:

TABLE I
) ) T
—_— o~ 22} < wy G B @ oo
2 & _cs X & & w A T L w2
& & & & & & FEl g8 g8
£ £ £ E = g &5 &2 S g
§ & g 5 & % gE g8 | 22
- ’ =4 < =
Nip-Pressure at Coating Speed 68 66 66 7 67 67 70 70 44
of 5 m/min. (kN)
Y Coating Weight Increase at:
8 m/min. 35 56 50 40 35 45 73 70 70
12 nvmin, 140 1 110 90 65 65 70 250 240 140
Melt Siability (Visual) OK | OK | NOT{ OK | OK | OK | OK QK OK
,,,,,, - OK.




100421The result,: arc shown in Table Il below. | N p-Pressure at Coating
Speed of 5 nthnin. (kN) TABLE Il 68 % C. N111112 Weight Increase a 8
mnty. 12 nilitlin., Melt Stability tVisuall 50 9005 NOT | OK OK &K L, 7570
250240 K XX 1
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Discussion of Results

{043} From the data, it can be seen that all of the Examples, except Exampie 3,
extrude and appear as stable, easy conveyable melts. When the coating speed is
increased at a fixed nip pressure, the coating weight increases. The coat weight increase
is another measure for the melt elasticity of the TPUs and a processability indtcator.
Comparative Examples 7 and 8 were blended to form Examples 1, 2 and 3, Tt can be
seen from the data that Examples 1, 2 and 3 had a much less increase in the coating

weight as the speed was increased, compared to the Comparative Examples 7 and 8.

EXAMPLE 10

[0044] In this Example 10, the blend of Example 2 (70% polymer 1 and 30%
polymer 2} was scaled up to further evaluate processability i an extrusion-melt coating
line. A co-rotating, 28 L/D ratio twin screw extruder was used with a 220 cm wide, 2
howl inclined melt roll coater set-up was used. The melt was fed to the melt coater at a
temperature of 175°C. The trial yielded a coating weight of 100 g/m? on textile at a line
specd of 12 m/min. at about 20% lower nip pressure than used to produce 150 g/m2 coat

weight of pelvmer 2 at a line speed of 10 m/min.

EXAMPLE i1

(0045} In this Example 11, two commercial calender grade TPU polymers were
obtained from Lubrizol Advanced Materials, Inc. One TPU polymer was known as
Estane® 54640 NAT 031 (Polyether TPU) and the second TPU polymer was known as
Estane® 54600 NAT 021 (Polyester TPU). The two polymers were blended in a2 90/10
{54640 NAT 031/54600 NAT 021) mixture and an 80/20 mixture. The mixtures were
evaluated against 100% Estane® 34640 NA'T 031, which was the majority polymer in
the two blends. A three roll calender coater was used tor the evaluation. A speed of' 4
m/min. and a coating thickness of 250 pim were used. The results showed that the
control (Estane® 54640 NAT 031) had matt and glossy streaks in the coating and
required re-embossing in an additional pass to make acceptable coating. The 90/10
mixture of TPUs was much improved, but still had some streaks visible. Re-embossing

was still required to make a high quality coating.



-13- Discus on of Results [0043]Fromthe data, it can he seen that all of the
Exanpl es, except Exanple 3, extrude and appear as stable, easytonveyable
melts. Wien the coating speed is increased at a fixed nip pressure, the
coating weight increases. The coat weight increase is another neasure for the
melt elasticity of the '1:Plas and a processability indicator. Conparative
Exanples 7 and 8 were blended to forn1E¥ inples 1.2 and 3. It can he seen from
the data that Exanples 1, 2 and 3 had a nuch | ess increase in the coating

wei ght as the speed was increased, conpared to the Conparative Exanples 7 and
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ext rusi on- rre@bssg@aéqkﬂmd did p@.regirc ee-tib@atihlg, 28 LID ratio twin screw extruder
was used with a 220 cmwide, 2 bow inclined nelt roil coater set-up was used.
The nelt was fed to the nelt coatei at a tenperature of 175C. the trial

yi el ded a copkhngnmeizght of 100 gM2 on textile at a line speed of 12 m | mn.

at about 20% | ower ni ressur t ha ed to roduce coat wei ght of
pol ymer 2 at9847}; neh’stg‘éga“mi“i bﬂ‘lﬂ’s{) F’@)@ﬂ“ “I?‘afef’%’tfgégﬁiﬂgtsﬁ‘?’% Exanpl e 11,
two comrer Ci @mpaatiengdane Ql&ﬁd@[ B%@olwﬁa& Shverel ghtaipoBdisfveanmlubri zol

Advanced Materials, Inc. 'IP pol ymer was known as Estanc(r) 54640 NAT 031

(Pol yet her | vesthesaad teﬁ%m%‘é%hd bFfﬂ%%‘lW%FDR/%WRW(?M&&ST%P‘BFHEQN“5114600 NAT 021
(Pol yest er TRamelh@pbiRo PRl idhigidso ki rerddl emdedivindsa 90; 10 (54640 NAT

031/ 54600 NAT 021) m xture and an 80/ 20 m xture. ‘Fhe m xtures were eval uated
agai nst 1009%f}lanethswsdoNATVIGBE Pa#seH Vi tch & pHc PP 2HGI HBPIST n t he two
bl ends. A thige. Ll £ Snger nfepaiﬁer»rmsmu%qeﬁt@Exim%d%y@l&ﬁiu QBgsArspeed of 4
mmnmn. and a coating thick ess of § um were used. The results showed t hat

t he control {ESt@neo GuesQoNAT wOFh), ’uﬁﬁ'@iSmﬂatal‘@ﬁde'glf@s)s\y@Sn@te?é?k%"qﬂnﬂthe coati ng
and require t oati ng.

The 011 0 xRS oF PhCk R A e SRR A o s

Vi si bl e. Re-®dbbssi thgewagretesdilg syegpics edaihal trydﬂ@ldaxg,hwgﬁ“l’(quaﬂytmqrs oodat i ng. -14-
100461The 80/ %Qcon} xtur gesgf TPUs gave a high quality coating free O mart and
gl ossy stredks" and di’'d Hot requi re re-enbossing. EXAMPLE 12 100471In this
Exanpl e 12, a single TPU pol yner was nade which had the same conposition as

t he bl end of, QQ 53 That is, the two different polyols were m xed together
and reacted but anedi ol and MDI to create a si ngl e TPLt polyner with

t he Isame connolozsg}tl omtals Bikheplbll gnd0of0 Hismd vﬂisﬁ;icar@m‘l’b'[ﬁMmIly;ﬁmmher[:)0481'tlj'he
single TPU pQ rocessed :very muc ar at )| es above,
whi ch used ond BEHg | ‘?Wﬁﬁ’ﬁ@@s%ﬂqb e STui Pt ae By LhEPY bl ends of
this 'nven“@i‘ﬁwﬁh@mﬂn@@&m V\%Mﬂ) glhlte,pelfi@'fﬁ(t}fﬁﬁeﬁ@eﬁd,v p@fﬂﬁudevfcwyfree) wer e not
observed in the sing ich had the sane chenical conposition. This is

very surpri shipyled é”s@l"f‘ §“érr?@ CHERE U hel i bAgnd v éﬂ?gé@?tﬁbﬁ%ﬁﬁh'é‘f i85t ai ned by

bl endi ng t woy TELLpo} YRS bl IR ACORE BGRREESS: o EXPLE AL 4004911 n
this Exanple 13, a 0 bl end was used U polymer I (po yet her
was not able to make acceptable coatings of less th'm 150 pum.

{0050 While in accordance with the Patent Statutes, the best mode and preferred
embodiment has been set forth, the scope ot the invention is not limited thereto, but

rather by the scope of the attached claims.



TPU made with a 2. 000 Mh PTMECL pol yol) and TPU pol yner 2 (p&yether TPU nade
with a 1000 vn PI MECI polyol). The pellets of the two I TU polyners were dry
bl ended to formthe TPU conposition. The blend was nelt coated on fabric at a
coating thickness of 120 ttmw th good residts. A conposition containing only
TIN) polymer 2 was not able to nmake acceptabl e coatings of |ess than 150 um

[ 00501Wi |l e in aposdRre@iM th the Patent Statutes, the best node and

prel erred enbodi nent has been set forth, the scope of the invention is not
limted thereto, but rather by the scope of the attached clains. - 15 - \Wat

;JIS cldai ][red is: 1. A thel{em@laaﬁd;bdtyum{awmmmoéﬁ%g@gﬂml di:léﬂdmﬂtmrpri ?i )ng a
end of two or ners. .sai end conprising (i)a
first fully for W§f I?'H’U-é ‘Vf?@rpngmfrs Saé&g%ﬁ(ﬁmflmsf ? fornmed TPU pol ymer; wherein
both said first TPU @pl yarﬁrrst fatydfosaddd P igotyndr difdld spohy fully fdiamveTRU sdfhersegnent
and a hard seg i erived
fromthe react rgvr}]lgreﬁ%gth %d%s{ j{%(?B(g?g%éag‘g%?d;%%&gﬁ?gggé)(léﬁg{%?'% %zg{% & | ﬁt ernedi at e
to form sai d sofnd seghsenent pis)sadifidt eedseccnd EPE nelymers g dpdalerived figm the (c) at

| east one diisog gt(gj@, o8 Wherein said hard segnent is formed by said chain

ext ender and sai 11 socyanate; and wherein said first and said second fully
formed TPU pol yners @ e 8ot gnsihydend ermipaedigloynadiate to S soif eofscamensi d fi r st

fully formed TPU pol pyer i\@st dR4RaiN:lidhdd; 4400 I\/h hydr oxyl term nated
i nternedi ate and said second fully for med TPIJ ymer was made with 1000 Wh

hydroxyl termi nated {eht ePhigast g{eéillsog}‘?aatgdrlﬁregbﬁ%ﬁ&gﬁdﬁ?&ﬂ?nf 1§ fgrgediyesard om a 50/ 50
bl end of said fickfid e)&dihder%ﬁd ﬁnd&me&pdmafeydddyvhmrnmd fIsP&Admhywaﬁchuu;foﬁnar ocess for

d th t il t ti
D ocoss o a carinaeprih aLeb SheTH ik e B SiarBR nByTRF bl andi ng two
or nore fully fd\PUﬁ;dlyiFEUNthaylamﬂsatmoa\mel@tdmx@l tidindmackd irsamddilnt emicsaidonpri si ng a
fst fully Tor mad, Jih, AT Athd W S850d b hbovih RIABE) HiRe) YTer - and

(Bynelt pr OCGSSIS?’]CSH%&I %i I'n both said

first TPU pol ynmnermndiats,amdismmdsni‘dﬁu foohedrfeom 41@05@ biend of aiddfegiarhsaidand a hard

segnent and bot Qec%ﬁd?ll%fo‘?rﬁé -ﬁﬁplIE d. second TPU pol ymers are derived fromthe
reaction of: dIeas one "hydroxyl ternminated internediate to form
said soft segnent; (b) at |east one chain extender; and (c) at |east

one diisocyanate, Wwhgr %c&s%'pﬁ)dﬁ@ﬁéja BEHORRtic b@ly&r@mﬁm@rm fiaibg ek N ext ender
and sai d di |socyanate and
melt coating process or a calendering process, said process comprising:

3] (A)  blending two or more fully formed TPU polymers to create a
blend, said blend comprising a first fully formed TPU polymer and a second fully formed
TPU polymer; and

(B)  melt processing said blend to form a TPU film;
wherein both said first TPU polymer and said second TPU polymer have a soft
segment and a hard segment and both said first and said second TPU polymers are
derived from the reaction of:

(a) at least one hydroxyl terminated intermediate to form said soft segment;

(b) at least one chain extender; and

(c) at least one diisocyanate, wherein said hard segment is formed by said
chain extender and said diisocyanate; and

wherein said first and said second fully formed TPU polymers are both polyether
TPU polymers, and wherein said first fully formed TPU polymer was made with a 2000

Mn hydroxyl terminated intermediate and said second fully formed TPU polymer was



wherein said first and said second fully fornmed TPU pol yners are both

pol yether TPU pol yners, and wherein said first fully formed TN] pol yner was
made with a 2000 Mh hydroxyl term nated internediate and said second fully
formed TN] polyner was - 16 - nmade with-1€00 M1 hydroxyl term nated
internediate, and said conposition is formed froma 50/50 blend of said first
?ng sai d second pfadé kﬁhimmfﬂgwymln}ﬁgﬁa &terﬁedﬁt@ﬁmmoﬁgdssnfm@@kwﬁaagl a coaL ed
abric conprising coating a fabrJc substrat r astic pol yuret hane
(TPU) conpositi me@%b??ngaﬁsaldfﬁﬁa%%amqe@m@Mf@@%?-end of at |east
two different TPU polyners, said blend conprising (i)a first fully
formed TPU pol yner and a second fully f d TPU .pol ymer; . sai rocess

conpri si ng: ¥ (A)prqs}psgﬁqiipﬁ) .t au%f‘tf‘?é[’r&i“i?ﬂpymg%“r a'lf?%‘c g‘fs?fﬁlﬁr with said
second fully forwhad tHdtbpdaliapayurethane (TPU) (dB)positioti wiggredasail TH &eghpositian nel t
processi ng equi pnent to .creat I, yer .and_ . g% .coating a fabric
substrate with scg?lﬁrlsﬁsoim%jro(?ar'r@?a?t tﬁgd¥%§%@c%dgfn%ﬁsgs?q l?lemndgf) J%n said fabric
substrat e; whefipi na fist fullg forrded TAUstolyfiretanial speond fudly dormad dP'S eclpmet; TPU

pol ymer have a $gfit .s&0 isigd @ hard segnent and both said first and said
second TPU polyners are rived fromthe reaction of: éa) at | east one
hydr oxyl terminated {4t ehiredingtaid firg flbyrfpamed THU pebymeswighgidiseconpfullit | east one
chain extender; @4 TPU polyméS) at |east one diisocyanate, wherein said hard
segnent is fornmed by said chain extender and said diisocyanate; and wherein
said first and said $Bcorixipgiaidblendindielrporesingsapipaen (QCreptt HPehpmsjet her TPU
pol ynmers, and wheiieind said first fully formed TPU pol yner was made with a 2000
Mh hydroxyl term nat intermediate and sai d. second fully fornmed TPU. polymer
was nmade with 1000 V\/fefghy&f’%'(‘?f‘gﬂbgf SHOF ey ™ AP aﬁlﬁ?ltet,oﬁéw&"g%\tfn&ﬁ]c;[ﬁ osition
is formed from aPbh3ad Hbaashbeafatesai d first and said second fully formed TPU
polynmers. 4. A coated_fabric,artj.c onpri sing. .a fabri ubstrate and a

t opcoat of thernopl avsvﬁ?r%m B‘&Pﬁ%‘ﬁr %&SL%%F 02%51 nd[;%df?%nrlé)ﬁ)lﬁﬁﬁﬁym rehra'1 oy ansogai d TPU
filmis nade fr orgnentindadardfegatent apdibeth sanbfihi dnfl yaid grend TPTROypBtsyner s, sai d

bl end conpri si ng,. (i i . y formed TPU pol yner and a second fully fornmed
TPU pol yner; mgfé‘%e)rilﬁg%tﬁesré%{l%}l#fi rst TPU pol yner and said second TPU pol yner
have a soft segnent @nd at ket encdedmpt termimatedivtermagigtato formsaid sefiisegment; second TPU

pol ymers are derived)ron fDeodc@RGE EQHdH and - 17 - (a) at |east one
hydroxyl term nated Internediate to formsaid soft segnent; i
(c) atleast one diisocyanate, wherein said hard segment is formed by said

chain extender and said diisocyanate; and wherein said first and said second fully formed
TPU polymers are both polyether TPU polymers, and wherein said first fully formed
TPU polymer was made with a 2000 Mn hydroxyl terminated intermediate and said
second fully formed TPU polymer was made with 1000 Mn hydroxyl terminated
intermediate, and said composition is formed from a 50/50 blend of said first and said

second fully formed TPU polymers.

4. A coated fabric article comprising a fabric substrate and a topcoat of
thermoplastic polyurethane (TPU) polymer film; wherein said TPU film is made from a
blend of at least two filly formed TPU polymers, said blend comprising

(i)  afirst fully formed TPU polymer and a second fully formed TPU polymer;
wherein both said first TPU polymer and said second TPU polymer have a soft segment
and a hard segment and both said first and said second TPU polymers are derived from

the reaction of:



(b) at |east one chain extender; and (c) at |east one diisocyanate,
wherein said hard segnent is formed by said chain extender and said

di i socyanate; and wherein said first and said second fully formed TPU pol yners
are both polyether TPU polyners, and wheréTn said first fully forned TPU

pol ymer was made with a 2000 Mh hydroxyl term nated internediate and said

second fully formed EEE’U ROksBHe h%@xyﬂr&ﬂﬂmw:d inteARMAR Vb foay dai@ XM sep@edt nat ed

i nternedi ate, and SaI? ﬂgosmlﬁg formadfroma 50/ 50 blend of said first

and said second ful | Pf oPhkH! ¥ ?3‘6?’9‘?‘?@‘?‘53“ 5. The TPU conposition or film as

clained in any of cl@) msaﬂleaseoneﬂma:aybn&e,whenremsmidaaﬂdeg&hﬁﬂimfmécﬂjydeiﬁ is selected

f th . t h I to 8 b

atoms. 6. The TR Guwent MR AR Rl e T ey e LR fend %275 ana

4 wherein said diPUmb/ymnatedoott@onfptmbr-wWnersear’rdwdre(epheldﬁrst fdlydyramdte). 7. The
f cl

process of clai mpg, é)l’gﬂgl%é %&Jhﬁé‘kﬂg%?@({gﬁ@tﬁ@ gﬂtérﬁﬂnaleﬁ lrﬁ%ﬁ(g&gﬁrﬁd dafy ON€ pass

t hrough said coat I mas clained 1n any of clains 3
and 4, wherein sedodd Gnfarmed TRU polyofier Py hads witht] (000 bydsoxyt tefpingied5 tun to 400

urn. 9. The Tp%téﬁrleﬁfhtgsdn& La@d &iﬁf}oéltrbn%n@d fRohfd S’WSO?bld?\H‘gf Ald ﬁ’m%ﬁ@éaﬁh said fabric

is made fromfibers selected fromthe group consisting of organic fibers and
i norgani ¢ fiber second Blly foaediY palyweras claimed in any of clainms 3 and 4,
wherein said article is selected fromthe group consi stl ng of flexible
containers, inflatable |ife vests, infl ai@ﬁTI e rafts, yor belts,
inflatable air mattrBedEY copppsifiany i) agslaimed in aw&fa‘a% 1%3 apg%wﬁear{ngs_

said chain extender is selected from the group selected from straight chain glycols having

from 2 to 8 carbon atoms.

6. The TPU composition or film as claimed in any of claims 1, 2, 3 and 4 wherein

said diisocyanate is 4,4’-methylene bis-(phenyl isocyanate).

7. The process of claim 3, wherein said coating step (c) is performed in one pass

through said coating operation.

8. The TPU film as claimed in any of claims 3 and 4, wherein said coating film of

TPU has a thickness of from 25 pm to 400 pm.

9. The TPU film as claimed in any of claims 3 and 4, wherein said fabric is made

from fibers selected from the group consisting of organic fibers and inorganic fibers.

10. The TPU film as claimed in any of claims 3 and 4, wherein said article is selected
from the group consisting of flexible containers, inflatable life vests, inflatable rafts,

conveyor belts, inflatable air mattresses, printing blankets, and adhesive laminates.



