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‘t her nopl asti ¢ pol yur et hanes ﬁ’”ﬂ m vention The present i nvent| on
is concerned with a process for m M@MIOH of foanmed thernoplastic (
pol yur et haW@d0/4s@lel foamed ther noplgst] ¢ pol yur et hanes andPEBEELI/WA3S

systens for preparing 5 foaned ther rmp astic pol yur et hanes. Background of
the i nvention Therm)pl astic pol yurethanes, herein after referredwtuo as

TPUs, are well - &h@ﬁé@p%ﬁlﬁééglé. O & ASteMBIes | N particul ar,:ithey
exhi b|t very high tensile and tear strength hi gh flexibili

t enper at We?&g/z%t:ﬁ&‘e%bﬂ good abrasion and scratch resi stancgmmﬁmkwwmww
have a hi gh ability against oil, fats and many sol vents, as wel], .as

stability against UV radiation and are bei ng enployed in a nunber of end

‘ | h d 1
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needs topbeudeuakonrleiMyaafid théhﬁoﬁéla@ttc bEIRhRERMsSarR tyagtlé@mturﬁ@tor%@ﬁalrﬂgge
to provi de at m ni num equal physical properties to conventional

density Fétame@dhdnmpéasabpe]adsﬁth@nm to produce sol es and ot her parts of

pol yur et hane by a polyaddition reaction of liquid reactants resulting in an
el astic solid noulded body. Up till now the reactants used were

pol yi socyg ShBeAhdhYREer s or pol yethers containing O+ groups. Foam ng
was effected by adding a liquid of |ow boiling point or by neans of C02,

t hereby obtaining a foam at |east partially corrpri sing open cells. zs

cati of acTarob el boBld PR E i dt AR R AR P e el s
bl oMy égesmsrsa paacileqtizgranibiesry kxbtdnelldram) tear steagdih) Aphdlagsibonase

ndot her mi ¢) based products were not successful for nmouldings with reduced
densi ti e@%taattﬁemt%@ﬁbesO@cﬁ rasjorparyl scratch vegistanegp Ty Alspohave a high stability

PCTI EPOO I Ve

be obt ai T DUl (18 gt GINEry of MCaLARING: (AT RGP ohd UERSFET
pr ocessi emplogedhai aveurytbeonﬁesd aent applicatieswuktich amt}ha)agtodmmalmdngtet fovesear
Very little or no foamng is obtained at the nmould surface due to a

rel ati ve‘l“ﬁflusiba'w noul d tenperature, resulting in a conpact, rather thick skin
and g coarse cell core. 5 By using exotherm c blow ng agents, a | ower
density foam (down to 750 kg/nB) wth very fine cell structure can be

achi evedApuatresle of ihe¢ dncecasehidemand forolishiercmpteriblise aflow dersity appll insadd emdeand

cont i nuctieCRERENEE i RO faret S FRARBHRE Aot BB A Bl B Sl ”
can be pg}@@ia@]qdopurtlmfoadauoadlodanawldéntiiym.. It has now been surprisingly

found that foam ng TPUs in the presence of thernmally expandabl e
m crospheres, allows to neet the above objectives. Denould tines are

Si gnjof | qantd; ﬁéaﬁfﬁhﬁf@nﬁjtd pl%d@&cgoie@%nﬁ oftet ?étscst a%r%ﬁﬁé 8¢ a %H Jaaaltloﬂ ction

t enper at ur es, ng in a better tion e use
6f m cr ofphpidractasts mbultngirt an thastderlid mdulded bhéy. déptsllt yowithd eeammstusiedi ng

i mpr ovi ng 0t]he skin qual Ifu}iyand de emy

were “polyisocyanates’ and esters of po yghers containing OH-groups. Foaming was

effected by adding a liquid of low boiling point or by means of CO», thereby obtaining a foam

at least partially comprising open cells.

25
Reducing the weight of the materials by foaming the TPU has not given satisfactory results up
to now. Attempts to foam TPU using well-known blowing agents as azodicarbonamides

(exothermic) or sodiumhydrocarbonate {endothermic) based products were not successful for

mouldings with reduced densities below 800 kg/m3.
30



The present invention thus concerns a process far the preparation %% /Argamesl
_thernopl astic 20 pol yuret hanes whereby the foam ng of the thernoplastic

pol yur et i arried out in the presence of thernmally expandabl e

m cr osp#é%@i@’“%%é | ow density thernopl astic pol yuret henes ALPEEY WP hed
(density not nore than 800 kg/ nB) have a fine cell structure, very good
surface appearance, a relatively thin skin and show 25 conpar abl e physi cal
properties to conventional PU Which renders themsuitable for a w de

vari ety of applications. The invention provides TPU products having

out st and¥itgerddoviietreirpidsaing ragety,napgacel dukfaxe finiopest besbaitddnedr Isvese dgidityat
the time of denould, at density 800 kg/ nB and bel ow. 30 WO 001 44821 3 ~ z
CPU Z003cHSEbERS @ OOEDO k‘ghe3.t Bhsm thgrpeesesshg engdthvery asndisteltramdmesults ithéongr t |

denotes .t he hasi c inteqgri and.strength of the, TPU denouyl d, The pol yrmer
ki of d&mdEaciest Bhp i oBRa Mrune & Drdeed e mraRbiiBiEe ditioquitaVely
articl egw g 1%9&%&?@;%3@1%55' 16128 Ja8N SRS (Fikk SR dhdaNGdafleQBTA4kON and
tear strength to survive a 90 to 180 degree bend w thout exhibiting surface

cracks. The prior art processes 5 often require 5 m nutes m ni nrum denoul d
time to_attain this characteristic. 1n_addition, the present.,inventiaon

t her ef oP# Usngerelbernic blagring peents, ailenyerodeaminfoarn{deavm euOdeioe) with very fimphat
istos [ ] ' i e T se jof
o s I, LRl BHLES, 16 SR BAERSnod TR
US- A 5438350id tiAdds egentibegdrng agents during the processing of TPUs is wi dely
known, see e.g. WO A 94/ 20568, which discloses the production of foaned

TPUs, in particular expandable, 15 particulate TPUs, EP-A 516024, which

desgyi b?%)rr?'tﬁ% RI9EYELd QBarOfhaf ARPEE §Q§ﬁﬁ&oﬁ%3ﬁ&£§§ 1% i@@_ﬁdjﬂ%&ﬂ"“:ﬂgﬂs Qi@ Ny

agent and heat-processing In an extruder, a concer ns
gl ass- f inprevedeikinf ratigdwiiebisamad erdopcehjvab tédmoedrdendildgimiéd) m xed with a

bl owi ng agent. 20 Neverthel ess, none of the prior art docunents discl oses
the use of thermally expandable , m crospheres to inprove the skin quality

of foanp@al Ry BeaSduryrisIAgdy Folarasthbvfo8Qth kP UBiAmd RYRAcDS! AWmdIN exfhdaBRS e
docunent s suggest the benefits associated with the present invéntion.
Det ai | enpiatespbeieptalloms to meet the above objectives. Demould times are significantly reduced
15  and the process can be carried out at lower temperatures, resulting in a better barre] stability. In
addition, the use of microspheres even allows to further reduce the density while maintaining

or improving the skin quality and demould time.

The present invention thus concerns a process for the preparation of foamed thermoplastic
20  polyurethanes whereby the foaming of the thermoplastic polyurethane is carried out in the

presence of thermally expandable microspheres.

The low density thermoplastic polyurethanes thus obtained (density not more than 800 kg/m?)
have a fine cell structure, very good surface appearance, a relatively thin skin and show
25  comparable physical properties to conventional PU which renders them suitable for a wide

variety of applications.

The invention provides TPU products having outstanding low temperature dynamic flex

properties and green strength at the time of demould, at density 800 kg/m3 and below.
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“ 25 Thernopl asti c pol yurethanes are obtainable by reacting a difuncti 02”%"
i socyahate conposition with at |east one difunctional polyhydroxy conp l’j\ﬁg 2003
and optionally a chain extender in such amounts that the isocyanate index
;1S betweeV@00/#8al 110, preferably between 95 and 105, and nBGI/Epsefoesvabl y
bet ween 98 and 102. 30 ~~ z A P R 2003 WD 00l 44821 PCT/ EPO0/ 00039 4 The
term'difunctional' as used herein neans that the average functionality of
t he i socyanate conposition and the pol yhsydroxy conpound i s about 2, The
term"isocyanate i ndex" as used herein i's the ratio of isocyanate-groups
over is t e r ik f i i,ven
as & pordbnt oo TR Y GARHFR AL QTOBLASTRL bk AU By e
.percent gee) ef démsoddalat @odeianakinyofus esbuldedaitéray 1ol exairpie, W §Hoe rsokpaRt othér t he
anount of isocyanate theoretically required for reacti n(tg wi th the ampunt of
i socyan&taldedAEelee shondRpstess sEBCIeRt nsils ssnath s clangglipp ang gar srgeth to
.observed, WRla Yheo! BREANE! Buld dflo@ i ilnl SLAAE LACROTREARIE S HRTLAS
poi nt of "view or the actual pol yner formng” process I nvolving the
i socyanafien teagiredirimitaminirhen demoyldnmetoraeant thisecharegteediient s.  Any
i socyanate groups consuned in a prelimnary step to produce nodified
pol yi socyanates (including such isocyanate-derivatives referred to in the
art as fiz: OF L, 3 [ : : \Ad
Socyant] Sifiofl o PSR SRENIPPEETE JANARCE SUBVA JOBRTCREACH P |
account déemotlieinealTtal attd say, elembadditscyfthat mimdexis aChileyatldhe free
i socyanate groups and the free isocyanate-reactive hydrogens present at the
actual elastonmer form ng stage are taken into account. The difunctional

‘5 0Gy anghe,&OMMARY S IpRABreBRY a pONBFckiHBe T Rhi BEAT d&criBaCinaap.isPdbh Gn@URA

omati c iIsocyanateS. Preferréd are isocyanate conpositions conprising
aromat i 841826%0cyanat es and nore preferably di phenyl net hane dii socyanates.
The pol yi socyanate conposition used in the process of the present invention
may consi st essentially of pure 4,4'-diphenyl net hane diisocyanate or

m xt ur egd@ihgthlatvirtl beaty ANELE thé bloceien 2f TPUDE VAHEIQI kiRFVEANE e.g. WO-A
pol yi socyanat es, especi ally other_di phenyl met hane diisocyanates, for
exanpl e94/R@568, 4which ofiselogsst ithen Rradpction cofnjfoaraed ohPWpt i thasticular expasdeble, The

pol yi SO@M&%@ TSRP YA 5 1750Y4, Al mion REsibeMile g@rdgg@mgpwgegtghgg}mm TPU

pol y1 sotyanat € conposi tion cdntaining at |ea
4, 4' - di phminihgretithand odingsageyieandtheat- pbtessmgi iamnexamdenehnd DELAWD 15T 4 hduichr t

and, 1 or 5. bihsRR6Y BANSE bl e BB B EH O ated B 45 bdeg ¢

agent.

20  Nevertheless, none of the prior art documents discloses the use of thermally expandable

. microspheres to improve the skin quality of foamed low density TPU (density 800 kg/m3 and

even below) nor do these documents suggest the benefits associated with the present invention.

Detailed description

25
Thermoplastic polyurethanes are obtainable by reacting a difunctional isocyanate composition
with at least one difunctional polyhydroxy compound and optionally a chain extender in such
amounts that the isocyanate index is between 90 and 110, preferably between 95 and 1085, and
most preferably between 98 and 102.
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30 obtai ned by introducing carbodiimde groups into said polyi soc;ﬂgr?aﬂBR 2003 -
~conposition and/or by reacting with one or nore pol yols. w0 00/44821 "~ 5
zabP~2 P00/ 00039 Preferred pol yi socyanate conposjt.ions re t hose
cont ai ni ngg(gt Eﬁgﬁt 80% by wei ght of 4,4' diphenyl net hane dﬁt’%gv 4%

More preferably, the 4,4'- diphenyl nethane diisocyanate content is at |east
90, and nost preferably at | east 95% by weight. 5 The difunctional

pol yhydr oxy conpound used has a nol ecul ar wei ght of between 500 and 20000
and may be sel ected from pol yest eram des, pol ythioethers, polycarbonates,

pol yaceTht sermpdifundtfmaliss upad ysxieimmamesmatpmle;dymtagdifmmﬁmahgl ,of elsp ot gdnlate,

pol yesters and pol yet he m xture g O her di hydroxy conpounds
such as“HYRHISA ar@ﬁﬁe&ogﬁwr@hé CBH“B@P@@&@ rs like SBS, SIS, SEBS or SIBS -
may be used as well. 10 M xtures of two or nore conpounds of such or other
functionalities and in such ratios that the average functionality of the
total cOhposit fiomyksatebolsk” 2s mead ledrsio ibeheusied odSsochanadi-f1onps beardbocyanate-
polyhydrox ound. For pol yhydr.oxy . .conpounds the actual functionality
may ‘e. g BV BYHENBR: SRS PTTRANT HE° g SFYTACE iPOMTATTHERS oM PRET RIS Hior
due to ﬁ@é’%nﬁﬁrlﬂh&akx sl %H@}aér@(?htag"e'f’ofr B@E)%ﬁagfeeactlﬁﬂ?ldse@"ﬁ?'ﬂ%ﬁmﬂfat]on with
trifunctional pol yhydroxy conpounds may be present as well in order to

achi everespest deshe emoemtapég@cym ﬂmneducaljfy otquited foommsngwuﬂm tiRohmeuitest

di ol s which may g Z%Ya ncl ud prefodu‘gf obt ai ned by the polynerisation of
a cycl |1(§°‘E%?Pﬁt§ TERCHVC W ATHEFR BT AdRBN YR, propyl ene oxi de, butyl ene oxi de
or tetrahydrofuran in the 2o presence, where necessary, of difunctional
initiators. Suitable initiator conpounds contain 2 active hydrogen atons
andl0i nclt gheuldae ebsernyed mm%ﬂsocy@uﬁyu@dﬁé &l uysc@lherem tsrppnsdgeglfmlthe point of

G o " RS A YROhstohl pSIvibeL ey GRkess | RRRRY FC il Yirle ingriB OB e

and thasd)aylaﬁate%aehuéelsag@ﬁlehm tAmt Rosyaat gfou ¥ Gbhsuntedi fe£s praymhRry $ed. 1025
EspeC|aII§ useful et her di ol s_include pol yoxypropyl ene diols and

pol y( oxfe lsws wvwéss @nehiding ol 1ﬁ@wawemdﬁrevm¢a refamed s inpthe art

t t d
?ﬁ???&%ﬁiﬂa@f’% el st B aff aBE ALK FREe R L% Ml bl Wroduce
oxylat hyhedl%ﬁed cpnlyeh;tcsr oflydhfiin8d) %re it eaéendapodcgarwitdn Itt&vcaﬂ@mwpeifhhé &beya'ﬁ!ate
content.s .o

5%.and randoni bl o pol.ymer s havi n et hyl ene
cont entBogt Gy i Booe il SUPREnT Cra et casYh Ry VeSO FREE 2hray
be ment,@R&dal diddtRRE fofHing stdgB Afetaken into account.

The difunctional isocyanate composition may comprise any aliphatic, cycloaliphatic or
20 aromatic isocyanates. Preferred are isocyanate compositions comprising aromatic diisocyanates

and more preferably diphenylmethane diisocyanates,

The polyisocyanate composition used in the process of the present invention may consist
essentially of pure 4,4'-diphenylmethane diisocyanate or mixtures of that diisocyanate with one
25  or more other organic polyisocyanates, especially other diphenylmethane diisocyanates, for
example the 2,4-isomer optionally in conjunction with the 2,2-isomer. The polyisocyanate
component may also be an MDI variant derived from a polyisocyanate composition containing
at Jeast 95% by weight of 4,4'-diphenylmethane diisocyanate. MDI variants are well known in
the art and, for use in accordance with the invention, particularly include liquid products
30 obtained by introducing carbodiimide groups into said polyisocyanate composition and/or by

reacting with one or more polyols.



. ~v0 00144821 6 2'2 APR 20@3, PCT/EPOQO 00039 having at |east part of 22h&PR 2003
.oXyet hyI ene groups at the end of the polymer chain. Qher useful polyether
di ol s include E;Ol yetramet hyl ene diol s obtained by the polynerisation of
» tetrahydr oVQr04144824| so suitabl e are pol yet her diols contai ni ¥gl/EB/00039
unsaturation levels {i.e. less than 0.1 mlliequivalents per gramdiol). 5
O her diols which may be used conpri se di spersions or solutions of addition
or condensation polymers in diols of the5t~~pes descri bed above. Such
nodi fied diols, often referred to as 'polyner' diols have been fully
descri beﬂefeﬁ}rédhﬁolmsb@sfanaﬂétcoﬁiﬁv@sﬂtlﬂﬁé detethBEOBoHdining bk adREYoBY b Rig &1 4 1
pol ynerisation of one or nore vinyl nononers, for exanple styrené and
. acryl onidiph¢nylmethane @ispgytastsc Mol @Tefﬂ@bl)’e%é@nﬂl & opheayhesthaticoldsisoayanasy
the in sjt t] and .an am no- andl or
hydr ox fct?ﬁlcﬁﬁtgsﬁg[lle%g%g’ga%ﬁ%%gtsﬁc e?a}}i r| e%q%g% yvrvﬁl% in a polyneric diol.
. Pol yoxyal kyl ene di al s contai ni ng from 5 to 50% of dispersed polyner are

useful as we|ll. 15 Particle sizes of the dispersed polyner of |ess than 50
ni cr éns H?Eedﬁu@ﬁt&nﬁbaolymr@éfsﬁ@ﬁp@irm ysedmas it malecwar weightiafcdieteen 500 and

o ool Z0BBAEIREbS ARk R ORI Rurlae S BTG RY TRNRe BrobS RIS, o
gl ycol , plysefiyd, ppapshadies) po@bmﬁwbpmﬂamepehaﬂydlp@lycst&rrah@X@dWéih@‘s @k 20

cyclohexane di et hanol _ or m xtures of such di hydric al cohol s
di car boxyEenciigeosr QUi fdlhéég‘toéﬁ/ Fﬁmmwyisaéwhvaﬁu%koxvflﬁmd@ameee block

succi ni i il i t hyl esters, sebacic acid,
pht hal i gcoggw%dag dEe gt gi%c %Sr ggﬁﬁs ﬁ{ag b@%hé d‘g@ or di nmet hyI terepht hal ate
moxt ur es ther eof . 25 Pol yester am des may be obtai ned by the inclusion of

i noal gghol s s?ch as et hanol a n pol erifi ﬁatl on, m xture

Pol yt hi QAPREPRS 81 B OC RO R UBSS oiwifh PheMGaBNEH STHIEE S AR AR detiy that the

condensIamgragblfmtg)hmwof%etﬂa&u c8hn ?Bﬁu@ﬁ ishEoRt 9 algi M@QEe%i asthk Wi®R&tional
oxi des, dicarboxylic acids, forma e, amino 30 al cohols or

am nocarpbbabyldrcccyaecvrdsound Fer polxhpdmxm@mm@oﬂmmmal TuRTIONERYoRP0se. be

fol ycar bonat red. by reacting
o yoor s Quennaties Beiene By HREioRIFY o sl ERa oo RiC R heRarten BRete
for nal d%ﬁf&’oreSﬁhﬁﬁbhﬁbuﬁl@|OY&@iﬁhaﬂlﬁlamyly@b&mx?@oﬂb@tﬂﬁfs&ﬂa}bbe PEds¥fedsi wEIGn
cyclic acetal s, %l tabl e | yol efin diols 1nclude_ hydroxy-term nated
but adi eREde&ach 1%1de ESE)%‘ICQﬁﬁfﬁégeaﬁ’@cgmaﬂlﬁbP@hﬁ)é?WE¢$téﬁ€hne di ol s include
pol ydi met hyl si | oxane diols. Suitable difunctional chain extenders include
al i phatic diols, such as ethylene glycl, 1, 3propanediol, 1,4-butanediol,

1, 5- pentPahetieoldjold whichexgnrizdised ;ncludk-modqn:aneldhinéd b tHeopaiphbndapion pdaeycht |
1,3-butanediol, 2,3:b nedi ol edi aol., 2-.hexane

St hyl BRIEarE e Al SEE LOgHhEBR eSte bifiranyener sryaaaafign in te
tripg Op?jfe@&ﬂ:eg WHeR necetdryaat NAalcabRdISniEds. SniBRbRAAR A d?aenpounds contam 2
N- net hyl di et hanol am ne and the |ike. 1,4-butanedioi is preferred. 15 T

‘PUS SUPEtEs] byqir@gexpmgnmgn@@dﬁwcntwg ‘uganediel,i eibplane @M@énp@ymdww, in

he so- h p r a
extr o SRuReheBTeR) GlennAGl WD et B s bt 0 o Py oS,
are genepabhitynesliipll jsesknamedibhyb-entancdiol bed she Gré. Miadukas, of Iimhbtombﬁ,
i.e. up to, 30, preferably 20 and nost preferably 10, wt % based on 20 the

t ot al oFyOchI‘ié’xlbcieéﬁ’éPY@fusé ‘her conventional thernoplastic elastoners such as
PVGs EVA or TR may be bl ended with the TPU.

Especially useful polyether diols include polyoxypropylene diols and poly(oxyethylene-
oxypropylene) diols obtained by the simultaneous or sequential addition of ethylene or
propylene oxides to difunctional initiators as fully described in the prior art. Random
copolymers having oxyethylene contents of 10-80%, block copolymers having oxyethylene
30  contents of up to 25% and randomv/block copolymers having oxyethylene contents of up to

50%, based on the total weight of oxyalkylene units, may be mentioned, in particular those



Any thermal |y expandabl e m crospheres can be used in the present ir?v%ﬂﬁ‘?omi’.
.However, m crospheres containing hydrocarbons, in particular aliphatic or
cycl oal i p@ﬁ} 0244Q%v11?rocar bons, 25 are preferred. The term "hydrocarbon" as
used herei ended to include non-hal ogenat ed and par tF@I/FR00OP0Pyl |y
hal ogenat ed hydrocarbons. 30 Thernmally expandabl e m crospheres containing a
(cyclo)aliphatic hydrocarbon, which are particularly preferred in the
present invention, are conmerciall y avajl abl e. Such m crospheres 2 APR
2003 , wo oo/ aas2i PCT/ EPO0O/ 00039 4 8 are generally dry, unexpanded or

parti al hatinunerPANARDITHE LRSANAEES gFRAPS htst‘hb rbﬂdQ:ff e8I dly BB e ¢ abhBanddngl es
with an average dianeter of typi caFIy 10 t 5 mcron. The sphere is

f or med polpdther ghels pnlwadepmloyﬁ@rar@etbﬁ@hd d(ird@ngbt@me:dg lay, gtheofpoamre}isnimrt rqfl e

o o Tkl SR E e Rn PRpBIeR Bl ol he R R ke LU R IR

an el evahgd.1t:8 u@\taqgn%ﬁeg\g%m@ﬁﬂp 150C to 200C) suffl cient to soften the
t her nopl astic she and to volatilize the (cyclo)aliphatic hydrocarbon

encdpsul at ed therel n, the resultant gas expands the shell and increases the

375 1o Gel HEL PRI Rsed M RE REPOREms b SR B D RE AP nAT i Raf T

expandegbiyatidng dislsadoth @Qeﬁ deffibéd ABSvVeY SRk Qﬁodlﬁ@ﬂ diBRI ToffeR i réfedred to Cas
volunme 1 n the unexpanded state. An exanple of such rni crospheres are the

EXPANCERoIpuetiditlo Bpvedices fulfy desceibed inethg exietdarhyandkrciude pepductsoebsaingdey B
Sweden 1§1 F%Pma%lﬂsat h & chk %g I?r{sgi}é gl(ljlg dmf\t%’%{’s\%? %Arﬁ&% Shire | ﬁes )md Acalsﬁl?rllgflﬁr red

enbodi nen ag ent er be an

15 gXxothaymeric Qﬁo]@nd@ﬁ h:eampce Bobystlityg digBnNtor ®F thecambishat teQBtuﬁﬂ Heobden Wost
preferably however, an endothernm c bl owi ng agent is added. Any known

bl owi ngPoAYERYaRAleand #p FROp PREK laxqrwfewctlpa%h?@aﬂnqﬁl@dnﬁ}yba?éttn@tgarwéa}ﬂm, insed
in the ;Toﬁcg?ﬁ&tl c hjdyention as blowing agents. 20 Exanples of suitable

chem ca ow ng agents include gaseous compounds such as nitrogen or
carbon di oxide, gas (e.g. CQz) form ng conpounds such as azodi car bonam des

car bon rbopates, citr tes bor ohydri des, carbhi des

o ol kBl RS AR Gkl Tnbiclr Solh BUATodisBtach Fob B e abet g5 “wEhf um
bi cgr bamafi@e singk Sapé ah@p&%cmn%en ofABIMRANKD RARr68Y 48R red. _

di am nodi phenyl sul phone, hydrazi des, malonic acid, citric acid, sodium

nonocitrate, ureas, azodicarbonic methyl ester, d| azabi cyl ooct ane and

2ot O oo8BRAR BTN ey B RLA USRSt e B DB RO BB TR e
Exanpl egcohblss virdhahiks eetphise calycsil o;vmﬁge@egew@ll mﬁétugll%nuoglajcbl,e],httﬂmnéaxos,uch
as neopentyl glycol, 2-methylpropanediol, 3-methylpentane-1,5-diol, 1,6-hexanediol or
20  cyclohexane dimethanol or mixtures of such dihydric alcohols, and dicarboxylic acids or their
ester-forming derivatives, for example succinic, glutaric and adipic acids or their dimethyl
esters, sebacic acid, phthalic anhydride, tetrachlorophthalic anhydride or dimethyl terephthalate

or mixtures thereof.

25  Polyesteramides may be obtained by the inclusion of aminoalcohols such as ethanolamine in

polyesterification mixtures.

Polythioether diols which may be used include products obtained by condensing thiodiglycol
either alone or with other glycols, alkylene oxides, dicarboxylic acids, formaldehyde, amino-

30  alcohols or aminocarboxylic acids.



» .chl or of | uorocarbons, partially hal ogenated hydrocarbons or non- hal oggr?a'ﬁ%% 2003
‘hydr ocarbons |i ke propane, n-butane, isobutane, n-pentane, isopentane

and/ or negpentane. 5 Preferred endotherm c bl ow ng agents are the so-called

. " HYDROCEROIO B84 ng agents as disclosed in a.o. EP-A 1582| ECHRERIOMEO0R 21

| 250, which are known as such and comercially available (' HYDROCERCL' is a
trademark of C ariant). Azodi carbonam de type bl ow ng agents are preferred

as exotherm c blowi ng agents. 10 M crospheres are usually used in anount of
fromO0.1 to 5.0 parts by weight per 100 parts by ~eight of thernoplastic

pol yur etfaanarbonb@MiiBlsSwhieh4néy Pafb&l Ryluaeitgit MepardBy Redcisg Ryoudd gith &f
t her nopl asti c pol yuret hane of m crospheres are preferred. I\/Est preferably,
. m cr osphegtbyeng alygql dacihyleagmlyaot of henanedp! pathafagmpldehgden\Buiieblg hpolyrsetalno

parts by i f j 0 et hane. The total anount of

bl owi ng A eér%gbét% §8%§bgg°§ﬁetydsﬁ‘ﬁé°§$% Alaétégs‘a 0 parts by weight per 100
.parts by weight of thernoplastic polyurethane. Preferably, from0.5 to 4.0
parts by weight per 100 parts by wei ght of thernpplastic polyurethane of

bl ows ng Saijable nodyclefie diolypagiuds, Bydsexpiepminisd fiusadiens beyaen and ceppipgeisnand
anmount s : - P ' 0Q_pans by wei ght of

t her mplsgfé%&%gflg%rag% ﬁgﬁsﬁl%lﬁ&%% ?]' vlg% lMv&’/%?@%aAzfr(gOlIg'onventi onally used in

t her nopl astics processing may al so be used in the process of the present

inventiagn, Such_.additives, include c¢atalysts, .for exanple tertiary amnes 25
and tin S@Hﬁﬁ%ﬂiﬂ%’,cng%?rlffg’é@- SHER gg@émesalaﬁﬁﬂwawﬁsﬁ% Py sHyiener glyclexladml e
si | oxan vl eneg. I rsy <. t arda nt i stiad_j atS, oo
pl ast i CI%£ r}s?dlglr’garlﬁgcggﬁ%dlydggrSlé%%ﬁ%ﬁdfcg’rs,lc’j%?é%gﬁfﬁgi’and?% h’?gr na: lfmu%d
el eas e nageriprepaidieolf ohddatdrediolo @, ibtiiacedidl yuBepdutavediohf 1,hdeparedmit 3-

ext 1 us| SRUSCEIGHET i CHOPCRH D SIFTEIT oG g o PRPAER S FpLAA ng.

| nj ecti gmifPaodbRGuUCE abemﬁx\{@ﬁmma,eN%%ﬁrdnmneramH@aﬁ&mem%éﬁom-buta%e&oﬁié’ R
2003 WO 001 44821 PCT/ EPOO/ 00039 1 10 The presence of thermally expandabl e

m crospbefesedal | ows for a reduction in processing tenperatures. Typically
the process of the present invention is carried out at tenperatures ,

15 The TPUs suitable for processing according to the invention can be produced in the so-called
one-shot, semi-prepolymer or prepolymer method, by casting, extrusion or any other process

known to the person skilled in the art and are generally supplied as granules or pellets.

Optionally, small amounts, i.e. up to 30, preferably 20 and most preferably 10, wt% based on
20 the total of the blend, of other conventional thermoplastic elastomers such as PVC, EVA or TR
may be blended with the TPU.

Any thermally expandable microspheres can be used in the present invention. However,
microspheres containing hydrocarbons, in particular aliphatic or cycloaliphatic hydrocarbons,

25  are preferred.

The term "hydrocarbon" as used herein is intended to include non-halogenated and partially or ‘

30  Thermally expandable microspheres containing a (cyclo)aliphatic hydrocarbon, which are

particularly preferred in the present invention, are commercially available. Such microspheres



bet ween 150 and 1750C. 5 Advantageously, the nmould is pressurised, 2? APR?mm_
.preferably with air, and the pressure is released during foam ng. Although
such procg&aobaﬂhpomn and commonly avail abl e from several nachi ne
producers, It has been surprisingly found that conducting tﬁETgwg%%@§9of
the present invention in a pressurised nould results in TPU articles having
an excellent surface finish and physical properties, while having an even
further reduced density (down to 350 kg/¢m8). |0 Thernopl astic pol yuret hanes
of any density between about |00 and 1200 kg/ nB8 can be prepared by the

met hod afre tdehsrallpvdnt iv@expabddd bi phgiaflfi GRdxiphydedl nis@sphrespt@Bating Goff saad

t hernopl asti c_pol yur et hanes having densities of |less than 800 kg/n8, nore

pr ef er abPhernicas partiples vithrniayrisge dismetesof tyniedr Khioy! § meson. Haw sgbae gformed 15

The ther I I €/ Se: t [l cl.u S for

| at er prdggdégg%oﬁfﬁgéy#ﬁg eénli 3 Sl%r 'g'gg.&%@n@gﬁ%g‘%e%l?g@’ erlpcg%u%gnrgs?ood
and usedniheteadrop bba €opdsiplgsativ aydiotsboe engtiiguid fsobi@ne. SWhidh hgseSiiasPheres ‘
trapezoids, cylinders, lenticular shapes, cylin i agonal faces,

d th di

chunks, #mirtecased 9ricpbit ap clgyRied itemaperattigisycl (g & &§é°s®¥ga2%flip igiept topslteer
20 - Si et 6RO

201 0 as hEfRERSAR SREHE WhhinSae BETERRARMaSC BN B RER Bl Bh,

f or use the réshbamogaspesgrandugedsheld dndrincichsesf iheavolamiti efl the Weesptiereg tWhen

anot her enbodi nent qof the present jnvention, the thernppl astic pol yurethane
25 pel | é‘f‘%?defigg‘ep%%r@ﬁﬁmef‘ﬁvWﬁ%ﬁm&ﬁﬁr?s5e§°é timsenpiragisieal plippsiestatape
body, t I ) r iy 30l kchi i nds
the body A T R e R R 01663 B R Gy D)
conponenplunikain thasingarpodse statee Mpesatpie of ench tscrngittergsr are elsess ERG ANCEL-DXhan
t he onset, tenperature of the t i ange of .the T T ellets
my ol SNFREPIRIE st g TR AR Nk hdBRS Honbries GurpASEH ot an
or 30 pigaBAL% of ARZG MoRl Rdgffés)WO 00/ 44821 11 PCT/ EPOO/ 00039 The bi ndi ng
agent covers at |east part of thé thernoplastic pol yurethane body. In a
preferred enbodi nent, the thernoplastic pol yurethane body and m crospheres
are sub Lall i ndi ) st ant.i
encapsurhaa e s AR L PRl oG AL BGHAR T e o B PR e

t hensoplegsthegnipot yndathdianebloathp dgen 08k @dmbatitionrofbetn st pieftrablythoveatrgut
nine-tenths _of the resin body is coated. It is particularly preferred for

t he bi n@napdotbemic plowingagentisgddeditial |y all of the pol yuret hane body and

m crospheres. The anmount of binding agent to the thernoplastic polyurethane
may typically range fromat |east about 0.1 % by weight and up to about |
0% by weinglkinpwioddesingragemeasétinght prepartatien ph framogol themiaplpaticy nragtbe aned jpethe et .
Preferab%%é the ?nnunb of. the pinding agent is at |east about 0.5% by

wei ght RIS TYeRU9 a5 9loiKing R&€AKt | based on the weight of the thernopl astic
pol yair et hane pellet. Preferably, the binding agent has an onset tenperature
for its _nelt processing range that is bel ow the onset teggerature of the

nel t pr éuspleng! suitigle dfemti¢aé blowéngraganas ncliids glagemustopaingu chgp niragae or

ody — eR8S e s TR L0 Bl ErphSnd Gieh o IRB AR TGy Y EOBRE
body - & o Wit | _ P e _
e, ONSEEaHSIREL Bule, Ofickbe AR GRSRCESHHAN KEAOE Mo hbaRh I AORRII 1

prefera vé a égree more prefer y it 1's above
degr ee @rbamtesemah hvarboptesf egabbdiumt bicrixinatecast sdbum $4boeaye,eemBoniting

onset tenperature of th I rocessj ng.range .of, the pol yperic.co nent
of the CUBTIANG dranEPABS R e nS R G et GRS 1 0s el foif ORSEF ng
range agnoh&@fhte AR, a2 SRESREMEFNELLO IRYER cPRbEIaRE BAEEABIYrHRhatk BARfuré@bout
40 degree C. below, the onset tenperature for” the nmelt processing range of
t he t hePrebgstdgtdothepolohlpwingagent copprise bicarbonates ontitratest her nopl asti ¢

pol yuret hane pellets are to be dried using a dryer, then the nelt

processi ng range of the binding agent is preferably above the tenperature
of the dryer. In a preferred enbodi nent, the binding
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agent is chosen to prevent or slow water absorption so that a drying step

‘before formng the 25 desired article is unnecessary. The bindi ng agent may
then be added to the TPU pellets by several different nethods. In one

met hod, th&PW4*84ls are placed in a container with the coatiRJ/ERIABEPti on
while the pellets are still at a tenperature above the onset tenperature of
the nelt processing range of the binding 30 agent. In this case the binding
agent may be already nelted or may be nebted by the heat of the pellets or
by heat applied externally to the container. For exanple, w thout
limtatipimfibe of Zsiftable~ #90i8aMOoRViAg82kent? RICRIdEPORINN039iduidrdi fugh aggnt
may be introduced to the container as a powder when it is to be nelted in
.the contailerefluortharbpisn stintighnbgd ngenatad ysireqarbons ghrerahele germperbhywsd redartying dikag

t he thernnglastic gh_aﬁ@}haqe body.and the mcrospheres. Preferably the

bi ndi ng HGEHE BOHEPH<aY '%6?9%%??61%%WBSW%'1f”é§8ﬁ%?@¥iof sui tabl e

.pol ynmeri c conponents include polyisocyanates and/or 5 prepol yners thereof.
The foaned thernopl astic pol yurethanes obtainable via the process of the

present Frafeendicodohipanipdiawisaiagenty aeithcas-ealledrHYQRORERML' hipving aepatn 261
t her mopl fShs i g.%gpﬁ-/i ﬁ%ﬁ‘i'a’ﬁ%@ﬁ-ﬁl{ B%W%ﬁfchfagﬁom%‘\?ﬂ abs dh{‘%n?ggo?ﬂmérléfaﬂy

appl i cati eeri ng wheel's. stomze nop s

pol yur et Rangsie (HY DROQERDICRA tradfetal bf Clagiafif)y using the process according
to the present invention. The custom zed thernopl astic pol yuret hanes may be
formed into any of the articles generally made with thernopl astic resins.

Exanpl es : i i.pterd i Qr rLS; .l es, such
e R R e S LR S R

| enoi si on, personal conputers, telephones, video caneras, watches, _
goods. antiCeYETFh = GURLE CEAUBATHEAL O F198 PricEarl PRI BACTGHTBNIEP FETRLY
reaction, LS WY ; ;
i o1 osphay oa.cf Py RTRnR Ryirihafl BT € L P B e a0 by picigh
fol | ow ng theranoplastic ipalywtatisine aif Impaetpberepenre prafergek st prafarayy.amécrospheres

ight. 25 I I i TP | | A 62AEPR; .
aval on s SR aBENE BBt o e arT BRCRLRY B Mgt ReY YeuR Lpenehlg,
bl ended paiyhifetRdheendot hermi c bl owi ng agent (1% NC175 powder or 2% 1INC7175ACR

(which i's a masterbatch equivalent); both supplied by Tramaco GrbH). 2 2
Al' R 2003 WD 00/ 44821 13 PCT/ EPOO/ 00039

The total amount of blowing agent added is usually from 0.1 to 5.0 parts by weight per 100
parts by weight of thermoplastic polyurethane. Preferably, from 0.5 to 4.0 parts by weight per
100 parts by weight of thermoplastic polyurethane of blowing agent is added. Most preferably,
20  blowing agent is added in amounts from 1.0 to 3.0 parts by weight per 100 parts by weight of

thermoplastic polyurethane.

Additives which are conventionally used in thermoplastics processing may also be used in the
process of the present invention. Such additives include catalysts, for example tertiary amines
25 and tin compounds, surface-active agents and foam stabilisers, for example siloxane-
oxyalkylene copolymers, flame retardants, antistatic agents, plasticizers, organic and inorganic

fillers, pigments and internal mould release agents:

The foamed thermoplastic polyurethanes of the present invention can be made via a variety of
30  processing techniques, such as extrusion, calendering, thermoforming, flow moulding or

injection moulding. Injection moulding is however the preferred production method.



The dry blend was then processed on an injection noul di ng machi ne (II%%% ﬁ\gP\ ,200.3-

.SPE 231) to forma test moulding of dinensions 19.5 * 12,0 * 1 cm The

processin tures for all the exanples can be seen on_Table 1.

physi cal gwgﬁ)gg‘g Ell| es obtained for all the exanples can be EEEWPBWOG?%I e 2.

Abr asi on was neasured according to DI N53516, Exanple 2 (conparative) 1 o

The TPU of exanple 1 was dry blended with an exotherm c bl owi ng agent

(Cel ogen AZNP 130; available from Uniroyal) and was processed in the sane

way as in Exanple 1. The m ni mum achi evabl e density to avoid severe surface

mar ki ng Tihse ﬂr@ﬁﬁlckgifnﬂ)emmﬂlv anpaddblei aivréphaks ello®s 3 al feduxi@omplie pdocessing

{conparative) The T f exanple 1 was dry blended with a m xture of an

ex ot her mr&peaﬁf&rea%n Témff@ﬁwethﬁnpéoq;ﬁwf s atjéwt IPPEIBIDE G| CaFifesh OWAL-tPMPERYITEh d
%Ng 75) 5588 ssed in the sane way as Exanple 1. 2a Exanple 4 The

TPU of KNS § bl ended with 4% of thernmally expandabl e

m crospheres (Expancel 092 MB 120; commercially avail able from Akzo Nobel).

This bl end was processed 25 in the sane way as Exanple 1. Exanple 5 ~ 2

A P R 20Gi3amMEzQ0ysh48hd mwl@(ﬁ PERSOIOA0FSfcTabdy PR off, endaﬂwl pregsufeai;s daie;ased

bl ended wi.th 2% of t xpandabl e m crospheres

and an HGEA HBRRRE: Y BOATRY SSBBIoLest o, WD 870 Comvp e N R DR cpeverdl

pr ocessgfchife tNEIRRAE iNVAYs @e%n@&ﬁm%h%l L found Eﬁﬁr@n@uﬁm-ﬁhtﬁe Prdéesd oﬁﬁﬁrﬂ%&ml
was dry blendéd with 2% of thernally expan abl e m crospheres (Expancel 092

MB 120) iryautian o aprespurésed rhandresulss ol Ng aag:éfrstha(vw @g@weldzmlsutf@@)ﬁnwlgandq

this was processed. in the sane way as nple 7 Th TPU of

ex anpl| e Physigad Perperisevide having an o e foth@rrp@pqegi déR%ch(éBWé 1o &4 ke&/prier es
ﬁﬁncel 092 MB120), 0.7 % of an endotherm c bl owi ng agent (NCl75} and
o of an 15 exotherm c bl owi ng agent (Cel ogen AZNP130). Again this was

process gferddbpl di6ic SHTBudAnES oA Pddisily bEVHIR! SRt 100 and 1200 kg/m3 can be

prepared by the method of this invention, but it is primarily of use for preparing foamed
thermoplastic polyurethanes having densities of less than 800 kg/m3, more preferably less than

700 kg/m3 and most preferably less than 600 kg/m3,
15
The thermoplastic polyurethane is customarily manufactured as pellets for later processing into
the desired article. The term ‘pellets’ is understood and used herein to encompass various
geometric forms, such as squares, trapezoids, cylinders, lenticular shapes, cylinders with
diagonal faces, chunks, and substantially spherical shapes including a particle of powder or a
20 larger-size sphere. While thermoplastic polyurethanes are often sold as pellets, the
polyurethane could be in any shape or size suitable for use in the equipment used to form the

final article.

According to another embodiment of the present invention, the thermoplastic polyurethane
25  pellet of the present invention comprises a thermoplastic polyurethane body, the thermally
expandable microspheres and a binding agent which binds the body and the microspheres. The
binding agent comprises a polymeric component that has an onset temperature for its melt
processing lower than the onset temperature of the melt processing range of the TPU. The
pellets may also include blowing agents and/or additive components such as colorant or

30  pigments.



- 20 The TPU of exanple 1 was dry bl ended with 2% of thermally expand%BIAePR 2003
.mi crospheres (Expancel 092 MB 120) and an endothermic bl owing agent (1 % NC
175 or 2% I NC7175ACR}. This was processed on a Main Group injection
moul di ng MO8 Exanpl e 9 25 The TPU of exanple 1 was dr yPET/ERMEHOIM t h
2.0% of thermally expandabl e m crospheres (Expancel 092 MB120) and 2% of an
exot herm c bl owi ng agent (I M/200; commercially a~~ailable from Tramaco
GroH). This dry blend was processed on E(Mai n Goup machine with an air
injection system( Sinplex S1 fi). 34 Exanple 10 22 APRZ2003J WO

00/ 4482 I ] 5%
of ther %F%A@%g%%g%l%ge#%é}%?p A:I#J%gh(e E;(H%m(%ggaStll\/cBﬁ?g%l?E%gg bgf?/fg? ézg?{tekkr%d

,exot her embodifment,nghagdetmpladri209plyurEtliase dbgdybl add nuerasphpresc ess exibstantzallyhi n
G oup machi ne wi,th an.aifr injectiaqn, syst. Si mpl.ex S15 Tahle | :

b o665 PHPRFSH Y O BEE FsTocki SRR th DUTLES 25 ies DAL A0Es Sretoul o
Tenp. ( ChEadrs SA8RIsufad Q0430 pExo 5&%3%%%&%&0&@?3 Soated, and preferably at least
*18018519018550Ex, 415516016516050Ex. S16016517016550EX. 61601851701 550Ex. 716

01 655 704BB50EXteRIE DT Fr16516040 Bxcogits S s0kesadabsEricned 361 Hhe basirgomsnt to:

ti . e, Tabl : ti Densi t | d h

oAb et RESERly B e nolyrRGE HERy Rl eSS T b amPEE et ROE, |
I ) i % > 3
e o R ARG pbiE TP Rtk RaROBEIO DRIy
100. 000y2(ek eed bpite EROW GG BY 95ight baggorsbevight oh tidthesrabastig pslyurethane

100 cookSBacer i e aitis ol el ionsTE i dhee MY eiaGuatyud vp o

‘)0;@00 380Exweilghg bhselilon the wight Bf fRe 2000 0 f¥sOpdlhBethane pellet.

Preferably, the binding agent has an onset temperature for its melt processing range that is
below the onset temperature of the melt processing range of the thermoplastic polyurethane
body. Thus the binding agent may be applied as a melt to the thermoplastic polyurethane body

15 composition while the latter is a solid or substantially a solid. The onset temperature of the
melt processing range ot the binding agent is preferably above about 20 degree C, and more
preferably it is above 60 degree C, and even more preferably it is at least about 80 degree C.

The onset temperature of the melt processing range of the polymeric component of the coating
preferably has an onset temperature for its melt processing range at least about 20 degree C and

20  even more preferably at least about 40 degree C. below, the onset temperature for the melt
. processing range of the thermoplastic polyurethane body. If the customized thermoplastic
polyurethane pellets are to be dried using a dryer, then the melt processing range of the binding
agent is preferably above the temperature of the dryer. In a preferred embodiment, the binding
agent is chosen to prevent or slow water absorption so that a drying step before forming the

25  desired article is unnecessary.

The binding agent may then be added to the TPU pellets by several different methods. In one
method, the pellets are placed in a container with the coating composition while the pellets are
still at a temperature above the onset temperature of the melt processing range of the binding
30  agent. In this case the binding agent may be already melted or may be melted by the heat of the

pellets or by heat applied externally to the container. For example, without limitation, the
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16 * : conparative exanple Exanple 11 5 Exanple 1 | provides for TPU .
.pel l'ets conprising mcrospheres formulated with binding agent. TPU pellets
were pre- t % a hot air oven at 100C. Then as a bi ndi % agent, an
i socyanat e’ prepol ymer based on Daltorez P321 and Suprasec MPRT{ELOHPRISAr ed
at 80C. The binding agent (1-2% by weight) is then m xed into the TPU
pellets to fully wet the surface of the TPU. 1 o The additives are then
added and m xi ng continues until a honbgeneous distribution of the
additives on the surface of the TPU pellets is achieved. This m xture is
t hen di sthdingegentnimey &e patodhdedne tbonomiiner aangoedet edet ¢ AE beanetddoiw thhe
coating to solidify.. This "cake' . is then de aggl rated.b and and i s
Coady T AT 1 ERET T deER ot Bt QMg ECRPIGP e PhISRIBbAPEdnpaIPkisae
were pr o h di L _ '
densi {1 da B el B S B PRt o
adi pi ¢ awimpoandt. 1E&m@ssant dbitdblPEHLEROD C00POnSupriaslede N isscypoates MBi/or wo
ooi aaszt_d qi,m; (]}é ~~f2 Af' "1~ 200 PCT/ EPOO/ 00039 1. Process for the
pr epar ati"ohP SPCFIEFER t her mopl asti ¢ pol yrret hanes characterised in that the
foam ng of the thernoplastic polyurethane is carried out in the presence of
thermal | y expandabl e m crospheres and in the presence of an additional
bl owi ng 'égefn@me@éhecnmnplmtiﬁsq@ﬁ@r@hanc@nbrainab}egviathwpwapﬁﬁn.presenﬁmm@m are
according_to,claim erei.n the FQC on | n_al,i phati c. or
yol oal TEHEITy B IER ' Sol S B PuinlestF oMY B MBIl frsamil
cl ai ms  b&hehnodintepnsl kinepMicatihsdle e cd@ RheeRs, Present. 4. Process
according to any of the preceding clains wherein an exotherm c bl ow ng

agerf is present. S. Process according to claim3 or 4 wherein the

endot heram | ¢ | I.car or_ckirates. .6. .Proces

onot e a0 0 AFRI SRS P BRRSAER s S8l e

conpri sescadingi waribo pegst eintatpidnc TP OtudtEnizdd tl?ém&qﬁ&tiandlfrﬁl'Eﬂﬁn&sDrrﬁWb@f

the preceding clains_which is carried out, b% i njectjon noul di nq. .
formed into any of the articles generally made with thermoplastic resins. Examples of articles
are interior and exterior parts of automobiles, such as inside panels, bumpers, housing of

15  electric devices such as television, personal computers, telephones, video cameras, watches,

note-book personal computers; packaging materials; leisure goods; sporting goods and toys

In another embodiment, the present invention concerns a reaction system comprising (a) a TPU
and (b) thermally expandable microspheres.

20

The invention is illustrated, but not limited, by the following examples in which all parts,

percentages and ratios are by weight.

25  Examples

Example 1 (comparative)

TPU pellets (Avalon 62AEP; 'Avalon' is a trademark of Imperial Chemical Industries Ltd.)
30 were dry blended with an endothermic blowing agent (1% NC175 powder or 2%
INC7175ACR (which is a masterbatch equivalent); both supplied by Tramaco GmbH).



. 8. Process according to any of the preceding clainms which is carriéHHGGPLMw
.a pressurized nould. 9. Process according to any of the preceding clains
wherein the starting thernoplastic polyurethane is made by using a

di funct i on¥P 4948%}anat e conposition conprising an aromatic BETEHRRYI08Ha

i socyanate. 10. Process according to claim9 wherein the aromatic

di functional isocyanate conprises di phenyl net hane diisocyanate. 11. Process
according to claim10 wherein the di phenyl met hane diisocyanate conprises ai
| east 80i by weight of 4,a'-diphenyl nethane diisocyanate, zz AP r~ zoao
, =~ OB #482dndbBasRkeh! FEOQLQA0N3H ihfecti bl POARIIAGENIHE Deshth SPRDEB 18
wherein tile difinctional polyhydroxy conpound conprises a pol yoxyal kyl ene
diol or pekyeseldingdif dimens®ns Pp.6dd2d atewrding to claim 12 wherein the

pol yoxyal kyl ene di ol conprises oxyethyl ene groups. 14. Process according to
cl aim 13 wherein the pol yoxyal kyl ene diol is a

.pol y( OXYHeh?ﬁfc@B@six%Yempém(ﬁ@f\%r dilahe ckamplek QG8Se 36400HI T4blé O, ae Physidap
precedi ng clainms wherein the anount of mcrospheres is between 0.5 and 4.0
part$ byproedrget op@ined dor phrthe esgmplsh giar bsf seenemndpblas?.i dbrssiopuyes heasired 6.
Process a i im15 wherein the anount of m crospheres is between
1.0 andzﬁgﬁggggpgng§3§g?ght per 100 parts by wei ght of thernoplastic

pol yur et hane. 17. Process according to any of the preceding clains wherein
t he amount of blowi ng agent is between 0.5 and 4.0 parts by weight per. 100
parts bﬁﬁﬁéﬂﬁﬁg(%wnﬁqﬁgﬁgbplastic pol yur et hane. 18. Process according to
claim17 wherein the anount of blow ng agent is between 1.0 and 3.0 parts
by wei ght per 100 parts by weight of thernoplastic pol yurethane. 19. Foaned
‘h}er]m)pna&t reUpol yaxampleahewadtday aalded byitheactekotheantdi biovahg oaeht i(€eloganat e

nposi tj ith at | east _one difuctional po|yhydroxy eanpoupd, in the
presence o’ Al fﬁ%&’ﬁﬁﬁbﬁiawﬁc Wﬁwﬁﬁwémdéﬁﬁammj aﬁylaga@axalsdn, and
in the esence of _am additional bl ow ng agen sai d. pol a hayi ng a
denst ty GF gt e AT ARG o v BB 00 ace HRARHRO 1ML REBR, S e
accor di ngdtion¢éwal 67 d.9%havi ng a density of not nore than 600 kg/nB 21

Reacti on system conprising TPU and thernmal |y expandabl e m crospheres
cont ai ning a hydrocarbon, said reaction system conprising an additional

bl O\% ng E@%Bie 3 (comparative)

The TPU of example 1 was dry blended with a mixture of an exothermic and an endothermic
blowing agent (0.3% Celogen AZNP130 and 0.7 % NC175) and processed in the same way as
Example 1.

20

. Example 4

The TPU of example 1 was dry blended with 4% of thermally expandable microspheres
(Expancel 092 MB 120; commercially available from Akzo Nobel). This blend was processed

25  inthe same way as Example 1.

Example 5



~ 2 A P R 2003 WO 00144821 19 r i PCT/ EP00/ 00039 22. A foaned ther@8phrisi0g
.pol yur et hane obt ai ned by the process as defined in clains | - 18 for use in’
footwear or integral skin applications. 23. Custom zed foaned thernopl astic
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This was processed on a Main Group injection moulding machine.
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Example 9

25
The TPU of example 1 was dry blended with 2.0% of thermally expandable microspheres
(Expancel 092 MB120) and 2% of an exothermic blowing agent (IM7200; commercially
available from Tramaco GmbH). This dry blend was processed on a Main Group machine with
an air injection system ( Simplex S16).

30
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* : comparative example

Table 2 : Properties

Density [Hardness |Abrasion Flex. Demould [Skin Appearance
(kg/m3) {Shore A) |(mg) Resistance time
. (No. of cycles) | (seconds)
Ex.1* |810 61 53 >100.000 180 Excellent
Ex.2* [750 61 70 >100.000 210 Bad
Ex.3* 1800 61 60 >100.000 180 Good
Ex4 |800 68 120 >100.000 120 Excellent
Ex.5 700 58 105 >100.000 130 Excellent
Ex.6 670 57 130 >100.000 150 Good
] Ex.7 [700 58 110 >100.000 130 Excellent
Ex.8 (550 51 125 >100.000 180 Excellent
Ex.9 }450 46 105 >100.000 180 Excellent
Ex.10 {350 40 125 >100.000 180 Excellent
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10T3MLOYPE e)l}eils WBr® Yeshdared il QIKHYRTR ofvin BBROACCTIsdAAS a binding agent, an isocyanate

10@! %d.0%b LlO%o& -
L%O%)&’e &Ly %)Za Qy%@% I@PEQERE‘E‘E&M?R is prepared at 80°C. The binding

10@! & %&g{gﬁogﬁ) g&v%‘i% Y?@Fé@%%z%‘go/ﬁ‘% 1PU faalgsoté%llgf)wdt the surface of the TPU.

10%&' (
10  The additives are then added and mixing continues until a homogeneous distribution of the

additives on the surface of the TPU pellets is achieved. This mixture is then discharged into a
polythene container and cooled to 10°C to allow the coating to solidify. This ‘cake’ is then de-

agglomerated by hand and is ready for use in the injection molding machine.

15 These coated pellets were processed on the injection molding machine and sucessfully blown
to densities of 0.73 g/cc.
Daltorez ®P321 is a polyester based polyol based on adipic acid and 1,6 hexanediol
Suprasec® MPR is pure MDI
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cycloaliphatic hydrocarbon.

3. Process according to any of the preceding claims wherein an endothermic

blowing agent is present.

4.  Process according to any of the preceding claims wherein an exothermic

blowing agent is present.

5. Process according to claim 3 or 4 wherein the endothermic blowing agent

comprises bicarbonates or citrates.

6.  Process according to any of claims 4-5 wherein the exothermic blowing agent

comprises azodicarbonamide type compounds.

7. Process according to any of the preceding claims which is carried out by

injection moulding.

8.  Process according to any of the preceding claims which is carried out in a

pressurized mould.

9.  Process according to any of the preceding claims wherein the starting
thermoplastic polyurethane is made by using a difunctional isocyanate

composition comprising an aromatic difunctional isocyanate.

10. Process according to claim 9 wherein the aromatic difunctional isocyanate

comprises diphenylmethane diisocyanate.

11.  Process according to claim 10 wherein the diphenylmethane diisocyanate

comprises at least 80% by weight of 4,4'-diphenylmethane diisocyanate.
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thermoplastic polyurethane.

16. Process according to claim 15 wherein the amount of microspheres is between
1.0 and 3.0 parts by weight per 100 parts by weight of thermoplastic
polyurethane.

17. Process according to any of the preceding claims wherein the amount of
blowing agent is between 0.5 and 4.0 parts by weight per 100 parts by weight of

thermoplastic polyurethane.

18. Process according to claim 17 wherein the amount of blowing agent is between
1.0 and 3.0 parts by weight per 100 parts by weight of thermoplastic
polyurethane.

19. Foamed thermoplastic polyurethane obtainable by reacting a difunctional
isocyanate composition with at least one difuctional polyhydroxy compound, in
the presence of thermally expandable microspheres containing hydrocarbon, and

in the presence of an additional blowing agent, said polyurethane having a

density of not more than 700 kg/m3 .

20. Foamed thermoplastic polyurethane according to claim 19 having a density of

not more than 600 kg/m3 .

21. Reaction system comprising TPU and thermally expandable microspheres

containing a hydrocarbon, said reaction system comprising an additional

blowing agent.
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