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(57) Abstract

Compositions comprising (A) a rigid thermoplastic polyurethane not having a major glass transition temperature of less than 60
*C and (B) a rubber-like material having a Ty of less than 20 °C, wherein the weight ratio (A:B) is at most Sl;ellg (To) of less




30 Rubber Chem Technol. 68, p351 (1995)). Most commonly TPV' s are based
on et hylene propyl ene di ene nononer r ubber/ pol ypr opyl ene ( EPDM PP)

dynam cal |y v&?%r,y #9d blends (see e.g. US-A PCT/EP99/00154
2 3758643, - §806558) : Ther nopl asti ¢ pol yuret hanes or TPU s are

t hernopl astic el astonmers consisting of soft segnents and hard segnents
commonl y produced fromthe reaction between 1 macrogl ycols, diisocyanates
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properties amgh SARETHARET®R Or gl ass transition tenperatures T [err] and
Tlerr], correspondi.ng to respectively the hard and the soft phases.
The term ' glass transition tenperature' or T[err] as used herein is well
under st ood bypesarePpbR skilled in the art and the concept is explained
fully in chapter 2 of "Mechanical - Properties of Polynmers”, LE Nielsen;
Chapman & Ha'#iﬁldtﬂﬁ%‘i)ﬂon.l%z’ and can be easily 10 established by well
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of conmmer ci alrubbepke matetdal phaseds pplisnhlyr vulcapised br eptionaliyglyaamicallyyylcguised-hane

‘exists called rigid TPU or rTPU, which contains no or only small anounts

of soft segnents.  These products show thernoplastic behavi our but no
el astonmeri c HRaseAAtian P BARBTOrA T gl assy or (semi)crystalline at ambient
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Examples of these materials are well known in the art. Usually they consist of block
copolymers, which exhibit a multiphase microstructure. Best known examples are
styréne-elastomer block copolymers like styrene-butadiene-styrene (SBS) or
15 styrene-isoprene-styrene (SIS). Other examples are polyamide-elastomer and
polyurethane-elastomei’ multiblock copolymers. For more examples see e.g. chapter 13
of “Science and Technology of Rubber”, 2nd ed., J. E. Mark et al. eds., Academic Press,
1994,

Thermoplastic elastomers can also be produced by blehding hard therrhoplastic material

20 with a rubber-like material. Examples are natural rubber-polypropylene (NR-PP) blends
(TPNR's) and EPDM-PP blends, oﬂeﬁ -referred to as thermoplastic olefins (TPO's).
Many examples are given in “Thermoplastic Elastomers from Rubber-Plastic Blends",
DE and BHOWMICK eds., Eliis Horwood, 1980,

It is also known in the art that the properties of thermoplastic elastomers, based on

25 rubber-plastic blends, can sometimes be improved by crosslinking or vulcanising the

rubber phase during the mixing process. This process is called dynamic vulcanisation

. and results in a material usually referred to as a thermoplastic vuicanizate (TPV) or an

elastomeric alioy (EA). TPVs have been thoroughly studied by Coran and co-workers

(e.g. Rubber Chem. Technol. 53, p781 (1980), Rubber Chem.Technol. 63, p.599 (1989),
30 Rubber Chem.Technol. 68, p351 (1995)).

Most commonly TPV's are based on ethylene propylene diene monomer
rubber/polypropylene (EPDM/PP) dynamically vulcanized blends (see e.g. US-A



organi ¢ pol yi socyanate, a chain extender and from about 2 to about 25% of
an | socyanate-reactive material with a functionality of >1.9 and a
nol ecul ar wei ght of about 500 to 20000 (soft segnent). It _jis s [91 ted
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' wnth other thermoplastics are well known in the art. E.g. blends of TPU with

polyoxymethylene (POM), polyvinyichioride (PVC), styrene acrylonitrile (SAN) and
acrylonitrile butadiene styrene (ABS) are of commercial importance.

15 Another type of thermoplastic polyurethane exists called rigid TPU or rTPU, which
contains no or only small amounts of soft segments. These products show
thermoplastic behaviour but no elastomeric behaviour and are glassy or
(semi-)crystalline at ambient temperature. They usually exhibit no major glass transition
temperature (T,) below room temperature

20 US-A 4376834 to Goldwasser et al. teaches high impact resistant rigid TPU based on an
organic polyisocyanate, a chain extender and from about 2 to about 25% of an
isocyanate-reactive material with a functionality of >1.9 and a molecular weight of about
500 to 20000 (soft segment). It is suggested that the material has a two-phase
morphology and that the lowest T, occurs below room temperature, while the T, of the

25 urethane glass phase occurs at approximately 100°C.

However, US-A 4567236 (to Goldwasser) teaches virtually the same rigid TPU which
has only one T, which is claimed 10-be >50°C. The rigid TPU in US-A 4567236 is
blended with materials known in the art as impact modifiers like ABS, ethylene vinyl
acetate (EVA), chlorinated polyethylene (cPE), methyimethacrylate-butadiene-styrene
30 and the like. The amount of impact modifier is said to range between 3 and 25% by
weight. In the examples the amount of impact modifier used is 15 parts by weight on 85




US- A.5376723-(to Vogt et al.) discloses thernoplastic polynmer blends having
a Shore A har dness of about 55 to 70 conprising, in a volune percentage

rati o of aboUio3eisei87t 0 40: 60, a PU conponent contai ni ng per/epdiorsabout
S50 wt % polyi socyanate and a nitrile rubber conponent containing about

34 nol % acrylonitrile. 20 Al t hough nunerous types of thernoplastic
el astoners are known, there is still a need 3or | nproved t hernopl astic

materi al s h fﬁHlC properti es. Summary of the invention.
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thernoplastic 25 elastoners with useful properties can be produced by nelt
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The el ast omefTPUsfaré biearactekisedibya Tondg°ge some of the advant ages of the
conventi on TPU el astoners and of the rubber-like materi al s used.
Because of the |arge nunber of 30 possible conbinations a wi de range of
material s ca#S#e51678%R (todJezic) keaghes the pradugtiorodf microfibers from rigid TPU's. An -

4 _properti t t ‘ ntion
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pol yur et hand$ r‘i’oT’aﬂ%Wngfd)% Ghe"FF@rCFQ) which ccomppsition Gaftabes s dascribs) im
rubber-1i ke uS/AcBR28275 having a T[err] of less than 20[err]C, wherein the
wei ght ratio (A):(B) is at nost 85:15. The rigid thernoplastic

pol yuret hane (rTPU) of the present invention is obtainable by reaction of
di i socyanat®EWVoyA @BI0R23M (b iMases @t dty teathesrislerist of PET byid WERW.0Thi Gohdudl ofit an

i socyanat e igyieKin@he APU 8 titled inYuth a why tht thelql‘2 temains >60°C. The rTPU used in

the examples is again ‘ISOPLAST 301, however the T, is said to be 114°C.

US-A 5574092 (to Oriani) teaches rTPU with lower melt processing temperature, by

incorporating aromatic diols in the chain extender composmon The T, is claimed to be
15 >50°C. '

US-A 5376723 (to Vogt et al.) discloses thermoplastic polymer blends having a Shore A
hardness of about 55 to 70 comprising, in a volume percentage ratio of about 30:70 to
40:60, a PU component containing at least about 50 wt% polyisocyanate and a nitrile
rubber component containing about 34 mol% acryloriitrile.

20 Although numerous types of thermoplastic elastomers are known, theré is still a need for
improved thermoplastic materials having elastomeric properties.

Summary of the invention.

It has now surprisingly been found that elastomers and preferably thermoplastic
25 elastomers with useful properties can be produced by melt blending rigid TPU not

having a major T, of less than 60°C and a rubber-like material having a T, of less than

20°C, the weight ratio of the rigid TPU and the rubber-like material being at most 85:15.

The elastomers of the invention combine some of the advantages 6f the conventional
TPU elastomers and of the rubber-like materials used. Because of the large number of
30 possible combinations a wide range of materials can be produced with a wide range of



Sui t abl e t hermopl astic pol yuret hanes may al so be obtai ned by bl endi ng
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skilled in tisscyandté index of 95Tthe 08 refpgB wciok. opt i onal |y used has a nol ecul ar
wei ght of between 500 and 20000 and

5 is used in an amount of 0 to 50% by wei ght, preferably |less than 25% by
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pol yur et hane, ‘The nacro I's always present in suc atount and
conposition ?91& the rTPU does not have a nmjor glass transition 5
tenperature bel ow 60[err]C.

The term “isocyanate index” as used herein is the ratio of isocyanate-gi'oups over

isocyanate-reactive hydrogen atoms present in a formulation, given as a percentage. In

other words, the isocyanate index expresses the percentage of isocyanate actually used

15in a formulation with respect to the amount of isocyanate theorefically required for
~ reacting with the amount of isocyanate-reactive hydrogen used in a formulation. -

It should be observed that the isocyanate index as used herein is considered from the
point of view of the actual polymer forming process involving the isocyanate ingredient
and the isocyanate-reactive ingredients. Any isocyanate groups consumed in a
20preliminary step to produce modified polyisocyanates (inciuding such
isocyanate-derivatives referred to in the art as quasi- or semi-prepolymers) or any active
hydrogens reacled with isocyanate to produce modified polyols or polyamines, are not
taken into account in the calculation of the isocyanate index. Only the free isocyanate -
groups and the free isocyanate-reactive hydrogens present at the actual elastomer
25 forming stage are taken into account.

The rTPU 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.

The macroglycol optionally used has a molecular weight of between 500 and 20000 and



The amount, of macrogl ycols as a percentage of the total conposition of the
rigid TPU is defined as the softblock content of the rTPU. The
macrogl ycol s wigmyueBe selected from polyesteram des, pol ypormeenerss,

pol ycar bonat es, pol yacetal s, pol yol efins, polysiloxanes and, especially,
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havi ng oxyet nglnggg %Fﬁﬂb&i%%gpme/ﬁiﬂ ock copol ynmers havi ng

oxyet hyl ene cont ent and randoni bl ock copol yners havi ng
oxyet hyl ene contents of up to 50% based on the total weight of oxyal kyl ene
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pol yner i sauo polyathers.et r ahydr of ur an. Pol yester glycols which nmay be used
i ncl ude hydr oxyl term nated reaction products of di hydric al cohol s such
as et hyl ene ycol , propyl ene glycol, diethylene glycol, 1, 4- but anedi ol ,
neopent yl gewmerrglmots whishamaxibauseddncludeqrodusts etitained by the rmrmeasaioe ohol s,

and di car boxsl byelici Oxfée, a&demﬁmé afjieie foRiad] fwo%nbVéin&é/eﬁutyléﬁé IRl €
L acids or their dime ers,

succinic, gl uta i ¢ 30 and, adi ﬁ%mc
St pht nal farahygian A iné BreBefost fihgte, ReremsAY-col AP oSt SE
ter epht hal at initiator rcorposreds ¢dmtaire @f active hydrogen atoms and include water, butanediol,

15 ethylene glycol, propylene glycol, diethylene glycol, triethylene glycol and dipropylene

glycol. Mixtures of initiators and/or cyclic oxides may be used.

Especially useful polyether glycols include polyoxypropylene glycols and
poly(oxyethylene-oxypropylene) glycols obtained by the simultaneous or sequential
addition of ethylene or propylene oxides to difunctional initiators as fully described in the
20 pﬁor art. Random copolymers héving oxyethylene contents of 10-80%, block
copolymers having oxyethylene contents of up to 25% and random/block copolymers
having oxyethyiene contents of up to 50%, based on the total weight of oxyalkylene
units, may be mentioned, in particular those having at least part of the oxyethylene
groups at the end of the polymer chain. Other useful polyether glycols include
25 polytetramethylene glycols obtained by the polymerisation of tetrahydrofuran.

Polyester glycols which may be used include hydroxyl-terminated reaction products of
dihydric alcohols such as ethylene glycol, propylene glycol, diethylene glyool.
1,4-butanediol, neopentyl glycol or 1,6-hexanediol, or mixtures of such 'dihydric alcohols,
and dicarboxylic acids and their ester-forming derivatives, for example succinic, glutaric
30and adipic acids or their dimethyl esters, sebacic acid, phthalic anhydride,
tetrachlorophthalic anhydride or dimethyl terephthalate or mixtures thereof.
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1, 3- propanedi ol , 2-met hyl - 1, 3- propanedi ol and other diols having a
mol ecul ar wef-gﬁm eytenders can Mmrwomfuncnnoalt naocyang;encﬂadekg;ieeiee vijthca moteictilar an

dd nb
o1y Sy anay SR ks Wl od, Bty el fre prBifHbf) Y breAUD o o bl 81 ©

ferpryp
aral i phatic e‘§ocyanat es, 'especi aI I y diisocyanat es i ke
hexanethy]ene'diisocyanate, isophorone'

15 Suitable chain extenders Inciude aliphatic diols, such as ethylene giycol,
1,3-propanediol, 1,4-butanediol,  1,6-hexanediof, 1,2-propanediol, 1,3-butanediol,
2,3-butanediol, 1,3-pentanedio!l, 1,2-hexanediol, 3-methyi-1 ,5-pentanediol, diethylene
glycol, dipropylene glycol and tripropylene glycol. Chain extenders with an odd-number

“of carbon atoms between the hydroxyl groups, and chain extenders with a branched

20chain  stucture like  2-methyl-1,3-propanediol, 2,2-dimethyl-2,3-propanediol,
1,3-propanediol, 1.5-pentanediol are preferred. Cycloaliphatic diols like
1.4-cyciohexanediol, 1,2-cyciohexanediol, 1,4-cjclohexanedimethanol or
1,2-cyclohexanedimethanol, and aromatic diols like hydroquinone bis(hydroxyethylether)
and the like can also be used.

25 Preferred chain extenders are neopentyiglycol, 1,3-propanediol,
2-methyl-1,3-propanediol and other diols having a molecular weight of less than 500
containing an alkylene group with an odd number of carbon atoms between the two
hydroxyi groups.

Organic polyisocyanates may be selected from aliphatic, cycloaliphatic and araliphatic
30 polyisocyanates, especially diisocyanates, like hexamethylene diisocyanate, isophorone



7 di i socyanate, cycl ohexane-1, 4-diisocyanate, 4,4'-dicyclohexyl nethane
diisocyanate and m and p-tetranethyl xylyl ene diisocyanate, and in

parti cul ar ar ewgwae13pol yi socyanat es | i ke tolyl ene diisocyapreT/EBe9(odiss) ,
phenyl ene dii socyanates and nost preferably di phenyl net hane dii socyanat es
(MDI), particularly MDI conprising 4,4'- diphenylnethane 5 diisocyanate.
The diphenylnethane dllsocyanates consist essentially of pure

4,4'-dipheny| r h one
o more ot MU, “a *ﬁ‘@?;‘%fdg%grm SE TS heliens Uindatdte thi? 2

- di i socyanat e M-sajep-tetrame hva'é&%tﬁﬁoeyatnn@, andt in pert;mtar arpmamnawv'yomnates
CO”JNIEJ) |nCt i on \ﬁ%(é gtolyiéﬁe (Zjdtf%obﬁhaiéE phd?«?lleb{é Sais¥&anhes fé’r‘n’@q{i@éi: preRdtally 50 be
an -varian eriv .0 conposi tion con a| ni.n :
| east 85% by HREPEADS ?"e4d"&°°Y&Pg‘ﬁ%®‘f'?@PﬁﬁﬁeMMP§mmge44 TR s

are wel | knéwilsocpartakee art and, for use in accordance with the |nvent|on,
perticularly include Iiquid products obt ai ned by introduci ng carbodiim de

groups info said 15 polyi socyanat e conposition and/or by reacting with one
or nore pol ydhe. diphenpimethaneeddisoeyapslesi socyanat @nsistip @sseritielys ©fntmirai ng

at | east 900/04b$'-d iMRerYithetRdne déoéyah%%?%ﬂu%t &atﬂﬁt &igé@&@&@”\%@ﬁne of more

Pol yi socyanat ositions contal nin

4, 4" - di phenyl H 8"’WW?BEXE&‘H?%F@SQP@%M“M‘@PEY’PEHWW d"s"FM%"ﬁt%EB@eﬁvl ke
mat eri al usedori exdnise i thy e2#t-isomera oplivhaiy in %ﬁmeﬁdnomh ﬂ'ntébe'-lsBmEMﬂThél 20

th t h OLe bb |

but adi ene.t ubBYPoORRSE coRbob D 61 %fté‘ﬂb Tah SpBiad forh 2 MR

(I R), nat ur alcompesition qoRRIning at %str&Wbby weight loR¥ 4'-é|ph9ﬁykmhmeomsbaranate.tbber
(EPR), et hyl a5 JaBHRY BRI Gef! ki AOROBR anb e She in bkt &éﬁﬁﬁé HvehtbhPe" S

like nitrile rubber gq% carbo ate n|tr| eru ' at e
rubber (ACM) PeERYIBHOPH Rﬁé@ '@WU&BEVP@P@'W%I@UW maud 25

nitrile-i sospelyisotyahdte compbsRion anniof by RastHgHithbnk YPRRFe fdieR. or hal obutyl
r ubber. The rubber-like material used in the invention nmay al so be

t her nopl astic el astoners (TPE's) like SBS, SIS, SEBS, TPU and the Ilike,
t her nopl ast | Erefeired sre; Polyisocyrmate) Wmmmonsetdoyiam pt dgast €0% diyeweighbrofer

r ubber / pol ypmwipﬁwréeﬁ?w Bido dolyanalé” b6 s Wdoniifing Rt 84K TET S
| Tke ethyl *NBs% biyvlie?gcht o? 4 4'-C;i|II)E|"I\éA thgneI nggcr:ysangtre a\n{ee nr'n%j:%rgfened

The rubber-like material used in the invention can be any conventional rubber known in
~ 20the art having a T, of léss than 20°C : non polar rubbers like butadiene rubber (BR),
styrene butadiene rubber (SBR), isoprene rubber (IR), natural rubber (NR), butyl rubber
(1IR), ethyiene propylene rubber (EPR), ethylene propylene diene monomer rubber
(EPDM) and polar rubbers like nitrile rubber (NBR), carboxylated nitrile rubber (XNBRY),
acrylate rubber (ACM), chioroprene rubber(CR), ethylene acrylate rubber (EAM),

25 nitrile-isoprene rubber (NIR), epichlorohydrin rubber (ECO) or halobutyt rubber.

The rubber-like material used in the invention rrtay also be thermoplastic elastomers
(TPE's) like SBS, SIS, SEBS, TPU and the like, th'ermoplastic vulcanizates (TPV's) like
ethylene propylene diene monomer rubber/polypropylene (EPDM/PP) dynamically
vulcanized blends, plastomers like ethylene vinylaceéte -(EVA) copolymers or very low

30 density polyethylene (VLDPE), or any thermoplastic elastomer derived from blends of
plastics and rubbers.

A preferred rubber-like malerial is any material other than a polyurethéne. More
preferred are diene rubbers, hydrogenated diene rubbers, rubbers based on ethyiene



30 density polyethylene (VLDPE), or any thernoplastic elastoner derived
from bl ends of pl astics and rubbers. . A preferred rubber-1like materi al
is any material other than a pol yurethane. Mre preferred _are diene
rubbers, hydr WOS¥413Y di ene rubbers, rubbers based on et hyl EFdEPIH00154

8 propyl ene blends, nitrile rubbers or copolyners |ike EPR and EPDM
rubbers. Preferably the rubber-like magerial has a T[err] bel ow
O[err]C, nore preferably bel ow -20C. The weight ratio rigid

TPU: r ubber - | prapylenatbiands|nitiils rgbberscs epraiyrars fike EFR ahd EBDWoublers. i nvention i s
at nost 85:15, preferably at nost 75:25 and nore preferably at nost 50:50.
5 I'n anot her_enbodi nent of the invention properties of the conpositions of

the invent i direferbly the rubherriike sopterial RASENT « RRIOW S, Brore Brefematihelow 129C-agent s.
In many cases the properties of blends and of TPV s can be inproved

t hrough the yse _of conmpat i bily zi . additives, also calle

conpati bil i zfg}eswg'gg(n{)a% n%cpg]f' Lfrﬁﬁ%r-ﬁ%wai?r@‘ \’H&I%'?e I?ﬂmsq-'f%st%emﬁrqresemand
of ten are bliovsEntionip et masti8s:16r prefersbly at ost 75125 andwhere préferablylabmiost 50@0si st of
the 10 same pol ymers which have to be conpatibilized. The conpatibilizers
can .be produced seperately and added before or after blending, or can be

produced i r?-18apgthef gmbrgimentof He; inugntion rropertiescef the germpesitioss pEtheripvetiany as
reactive cormay bl irpidvedi GRrough Y ey drVcipatibilMy GBENSO P Aanbi dasad then and
exanpl es of conpatihilizers i fferent po r rs. re given in
bl yror Bl dTgREHs. ot e aba SR TPk Sk he Hneuediibouchahe ae, o atpbibiideg
(1993). ad@itimgsa aisb ichledecompatitiizets. Compbundsof ¢hig kind acswelblnoworin trecart | ve
copol yners =T IV € f - Y f . e.:q.
pol yur et hangnrd u Era(?%?’?f‘f %ggﬁﬁér?rg? QF%?QAa% %ﬁm&%@%&%ﬁﬁ '\?\ﬂ%roé tr(1)""ne-
bl ock is ct§eme naness which have ¥he eampatibilized. The compatibilizers ern ke tpeduced he
riJlbber -1 k;a sﬁééﬁ%élyabnd)ggﬂéﬁh béftre '6F e ]P[eﬂgﬁ | Mnﬁeﬁpfmaéﬂom%ehzﬂﬁﬁwt ﬁ:r?) wher e
all or par e ase .is.nodifie econe, [eactiye Wt e
rubber - I i ke bﬁr%’l"g"lgr I’jﬁe bﬁ%‘&%g?"%srs is 'eé“?’ﬁegé? aﬁﬁﬁ‘@f%ﬁ?‘[‘ﬁ?ﬁ%’ﬁ '%(’RB"?PQ?‘@PEaI
phase is nodipplymer camprtibilization @ad exareples bhcarhpatiBilizers for different polymer pairs

are given in “Polymer Blends and Alloys”, Folkes and Hope Eds., Chapman &Hall,

15(1993). |

Compatibilizers useful in the invention can be non-reactive copolymers or non-reactive
graft copolymers consisting of e.g. polyurethane-rubber graft copolymer, or a block
copolymer where one block is compatible with the rTPU phase and the 6ther block with
the rubber-like material phase. The use of reactive compatibilizers, e.g. where all or part

20 of the PU phase is modified to become reactive with the rubber-like material phase, or
all or part of the rubber-like material phase is modified to become reactive with the PU
phase; or both, can also be contemplated. "

In another, preferred, embodiment of the invention, the rubber-like material phase is
vulcanized, preferably dynamically vulcanized, i.e. vulcanized during the blending

25 process. Vulcanization of the rubber-ike material phase can be achieved with
compositions known to people skilled in the art. Sulphur systems, accelerated sulfur
systems, peroxides, phenolics and the like are preferred vulcanizing systems. An
overview of the most commonly-used vuicanization systems can be found in * Science |
and Technology of Rubber®, 2nd. Ed. academic press, 1994

30 The rubber-lke material phase may also be vulcanized in a conventional G.e.
non-dynamic) way, e.g. in a press mould. The polymer composition must therefore be



phase; or both, can also be contenpl at ed. I n anot her, preferred,
enbodi ment of the invention, the rubber-like material phase is

vul cani zed, peRf&fefdky dynam cal ly vul cani zed, i.e. vul cani zedraepyeugsd he
bl endi ng 25 process. Vul cani zation of the rubberlike material phase can be
achieved with conposi tions known to people skilled in the art. Sul phur
systens, accelerated sul fur systens, peroxd des, phenolics and the |ike

are preferred vul canj zj,ng, syst ens. An veryi ew of the . |y, used
VUl chni zat | ofPERRPORLIBHERE Fhers Arer v e Btchan i ompRbf SFURAa
Rubber", 2ndhighet terapesateres do getdormed 8@ 1ulcar@gedThe rubber-1i ke material phase
may al so be vul cani zed in a conventional (i.e. non-dynam c) way, e.g. in
a press nould. The polynmer conposition nust therefore be ] . :
9 conpoundMatt hlepding and-dymamic yicpiatian ean ke-achiaved using camvetions infegnal or
<|\:/g|rr{3r §|SSI g_n aﬁéﬂngﬁgixér& well hh@ﬁrﬂl ih cﬁeeémt ?Alﬁrﬁétﬁélgl me&ﬁ@g é@{j heschiaveld \using 20y. zedl.
endi ng ,an nami ¢, vul cani zati gn can be achi ev usi ng_conv i ona
't er nal or53 HR STWAPKTHEEE (C A TPOKRINS S0Ie FEe: Rrdgr, o Breryiap, ot the
bl endi ng canpiaeticat bspeesdofusdlymer cblending eart he fowdr iav! Rofymard@lendsoandh Alioys”,
conpoundi ng gj _ vi ew of the practical aspects
FOIREE $ha¥ions LagEhatifisl » vl (G0

of polyner blé r Bl ends and All oys", Fol kes
and Hope eds, Chapman & Hall, (1993). Auxiliaries and additives typical.

A 1 VoS A o o B e e Y 2 the
0T ubber! |+ kEseAs Rl adieS 3 BedRaes Gan 6o eHde eiher oppaingl e TEMpTL e 0
vul calni zat Horubbérdike matexist iphase before pdutingosti dfiey eiznding land/er caldicanization. Such
exanpl e tertany .aMm naes [ o] S gneS - ' t Or
exanpl e sil oé%’éﬁ g%(nyé:}ﬁ%kfiI @ﬁ%& c%ﬁ%’f’%négr@yag g%t g%\%géago%&%ry%@ﬁggrag}da&@ant S,
pl asti ci zer scompaynds,c sufaseiagtiveg agenss.f iforl examplpi silexanesoxyaliyiene - eopolymars, UV

st abi lizers, ejaBider AL, Mme haEIdaat, Bﬂa@!{&i%.a&ﬁéﬁié ,anaﬁhbfgaﬁierﬁiléi%[‘ pifieetis 15
and i nternal rel ease age &fnt_l on al'so relates to

process for ag'g%%%% stabi ntgng ;@qegq‘ligiv q%nqaagqr{ﬁq,@n{ireversion agents

15 and intemal mould release agents.

The invention also relates to a process for preparing elastomers by melt-blending a rigid

thermoplastic polyureﬂiéne which does not exhibit a major T, below 60°C, with a

rubber-ike material having a T, of less than 20°C, the weight ratio of the rigid

'thermoplastic polyurethane and the rubber-like material being at most 85:15, and to
20 elastomers, preferably thermoplastic elastomers, thus obtained.

The compounds (A) and (B) may be stored or handled separately, but the compositions
of the present invention are preferably in the form of a blend comprising (A) and (B),
either liquid or solid. A particularly preferred form for the composition is a granular solid.

Furthermore, the invention concemns the use of compositions as herein described for
25 making elastomers wherein (A) and (B) are mixed prior to or during. the elastomer
production. '

Advantage, use.
The elastomers of the invention combine some of the advantages of conventional TPU
elastomers and of the rubber-like materials used. Because of the large number of

'30 possible combinations a wide range of materials can be produced with a wide range of
properties. '



t her nopl asti c pol yuret hane whi ch does not exhibit a major T[err] bel ow
60[err]C, with a rubber-like material having a T, of less than 20[err]C,
the weight ratio of the rigid t her nopl asti ¢ pol yur et hane

rubber-1ike rrﬁ‘f%?’f‘gpt’bei ng at nost 85:15, and to 20 el astoner s,’E%rglg?les?abl y
t hernopl astic el astoners, thus obtained. The conpounds (A) and (B) may
be stored or handl ed separately, but the compositions of the present
invention are preferably in the formof a blend conprising (A and (B),
either liquid or solid. A particularly preferred formfor the conposition

i's a granul amhg@bdufling elastoﬁ\érré Eﬁf 58 (ised lﬁ I?:lem.L nibEr Bk iaﬂﬂxcﬁtﬂiﬂﬁ %[J\EA})zaé Qﬁ‘oééél@s of

conposi tions as herei'n described for astoners erein and
(B) are ni xe8hr-ingoles Aumve ipags t(‘l’?éheq’aégﬁ ow spals.qburepeshplders) °’A€ﬂ?§"nt age,
use.  The elapgiicationsdikewatch etrapsyooligripsioceable inculgioARe of the advant ages of
conventional TPU elastoners and of the rubberlike materials used. Because
of the | arge nunber of 30 possible conbinations a wi de range of nmaterials
can be produced with a wi de range of properties.

10 The resulting el astoners can be used in a nunber of appl i cations such
as shoesol es, shoe-insoles, autonotive parts (dashboards, w ndow seal s,
bunper hol ders) or ot her appl ications |ike watch straps, tooI grips or cabl_e
i nsul ati on. :



11 ., EXAMPLES Example 1 4,4 -MDI was m xed with

2- et hyl --1, 3- propanedi ol at an i socyanate index of 101, using a Heydol ph
bench m xer aw@¥rpm Both chemicals were initially at a t ouereseviss of

5 50[err]C and the total anmount of the conposition was 250g. M xing tine
was 2 mnutes. The reacting m xture was then poured in an open al um nium
nmoul d, placed on a thernostatted hot platett set at 120[err]C. The noul d

had first begicfysaed W th a proper rel ease agent. The anount poured
was such that‘r‘h@‘%srackness of the cast renained < 5mm After 1 hour the

cast was taken fromthe nould and put in an oven at 100[err]C for 10 24
hours. After @@giple'y the cast was shredded. The T[err] of the
resulting rigid FPU was neasured by DSC to be 115[err]C. The DSC

equi pnent used was a METTLER type TA4000 equi pped with a DSC30 neasuring

cel | . TP?Jt a Mﬁwmlwgpsrrabced S@th mgthyn , B-ptopanediol gt w&@cﬁna@iﬁd@b@r\/ﬂﬁﬁm@dded
:1: ?II’I | e ru\tl)vge %ﬁ@‘%ﬁggﬁﬁﬁgt %@%r‘ﬂ' %’Pbﬁ]er o we M ajfl tegp?ff’ﬁ‘éeeﬁfar k
of DSM . § #dthe]totgkamenng Ofbepmnm%ngWIhng%Was Drminaies.The
-25[err] C reachﬁemﬂth)fe ”%véé Uth@n V\fbiuré@llﬁ Q‘l QJPQ@ Oalhfﬂmﬁ.mlf% Rg g ?;(gr? 300

I nternal m xer \ nd t ure
setting was i%@[’@?‘?f‘%ﬁ’ hﬂfﬁ'%‘? E%n"ﬁﬂ@?@ Ther@P‘t‘*i’ thgd (ﬁfs'itbﬁeﬂ Bfleéﬁd Wlﬁ'h%(Pfﬁgef

co gt i Euegdf grrelaasa #geine STheadnhaint phired wab Sudh tﬁbugae thigkne3® oﬂth%HAC%ﬁfE ﬂgﬁmEQQI ed,
and shredde ru a

R254. L/ D 25 °"% Aﬁ@,e ﬁg%fﬁg%%%}&ﬂ%gg'f %F\S &FP@ ulp AmAYRD i%h%g%x
screw with 1&?édwpfseégﬂcmolﬂmﬂ'iecaStV@SShredduhd a 3mmrod die. Properties were
measured on the extruded rods using an Instron 4500, operating with a

cross- head sl%%gd_& O0Ommimn. The resulting material showed 25 & stress at
break of 1.3 nef ﬁo‘eéﬂ"mﬂgé!ﬂ'ﬂo?létwﬁr mapsused HpoRSGHe bend1eECA ThenBSEness

was about 70.equipment used was a METTLER type TA4000 equ:pped with a DSC30 measuring cell
at a heating rate 30°C/minute.

100g of the above shredded rigid TPU was dry-blended with 150g nitrile rubber (NYSYN
1530-5; a nitrile rubber (NBR) containing 30% acrylonitrile; 'NYSYN' is a trademark of
DSM). The T, of this rubber was measured by DSC to be about -25°C.

The dry mixture was melt-blended in 2 HAAKE RHEOMIX 3000 internal mixer. The

mixing rate was set at 80rpm and the temperature setting was 185°C. After complete

melting of the blend, mixing continued for 3 minutes, after which the mixture was
20 discharged cooled, and shredded.

The shredded blend was extruded using a HAAKE RHEOMEX R254, L/ID 25. single
screw extruder, equipped with a conventional PE screw with a compression ratio of 1:3,
and a 3mm rod die. Properties were measured on the extruded rods using an Instron
4500, operating with a cross-head speed of 100mmvmin. The resulting material showed
25 a stress at break of 1.3MPa and and elongation at break of 90%. The shore A
hardness was about 70. '



12 Exanpl e 2 100g of the shredded TPU of exarrpl e 1 was dry-bl ended
with 1509 nitrile rubber of exanple 1. The dry m xture was nelt-bl ended

in a HAAKE R 00 internal m xer. The m xing rate e 80r pm
and the terrpqg%%éggettl ng was 185[err]C. 5 After conplete %ﬁ?’%’ﬂ@gf)f the -
m xture 4.5g of bis-(hydroxynethyl)-p-cresol, 7.5g of ZnO and 1.5g of
stearic acid were added. M xing was then coq§| nued for 2 mn at 80rpm
then the m xi ng speed was reduced to 50rpmfor 13 mnutes, after which the

vul cani zat e ExXamplg2 dj schar ged, cool ed and shredded. The shredded
vul cani zate was extruded using a HAAKE RHEOVEX R254, L/ D 25, 10 single

Pat o o o 45bg of i AR TR St PemPn g wasn it vt 1908 UieghBbeT e 1

185[err L C, EShBpi2:1. TheOfyGnixtie\was: méiﬂtﬂ&;ddlal iha mgfer RHEOMIX G?@U tnité?ﬁal\/\lef e

measur ed on sty erating,

cr osg head sn]é)%%dq;gk ﬁ\%%‘j\ﬁas ﬁ'f %3’ Fag‘érg sﬁ&%t‘"@élﬂgf 't he

mat eri al waéReregmplete melting Oéﬂ@rrglatw'@ﬁ 59tof bise(hikdroxymiedhyl prcresol 1 BSGhHZmO A

har d f 3 t
ardness o aabqtsg é‘st:eanc acid Weré 4Bhéd. xing w%Qexaoéqnhri@DLféSE I@%éﬂ@{?h? S

wer e dry- bl 150g nitrile ru 101 is
a CONMer Ci a%'fef/1 ?/E’f’ﬁ"}gtﬁpﬁe V8§ tpdyeRd tPr@FH“D@W‘@H@Wﬂé%I@efWh'Ch theopicatizatej s g

t rademar k ofwabdistiEdrged, cadledCand sAedded.err] of this material , as 20 nmeasured
according to the DSC net hod descri bed above is about 95[err]C. The nmaterial
does not show any major transitions below this tenperature. . The dry

m xt ure was The|shragdes yulganizate, was/ s@uBeEObINY 8 BIDAKENRHEDMEXTR254,. L/Dh2S5,

o0 hontD iigh sl Sinuf g viles LGRBRAFENEE sSRl] Wil PRert U PHIRS,

After corrpI%H %élng f the m xt ur rans o
was added Bn Nﬂﬁ@&‘fﬁéﬁmEQWﬁfeaZ%@r ﬂﬁﬂ%ezphlﬁe? m xi ng
speed was redﬁPCEZONE 3Q@1p10; me 2A25°C. 1Propériss wérkirRdastiidCéh ﬂ-,eegxwaéaa,%ugat e

was di schar d vul canizat e

bt rtiod e oo e RRUGHaRRE SRR o E'Pb%sad 3P Aominveh, xhe Fesuling

equi pped Wi t?ﬁfeﬁs abbreak of ba anateial wascliMRa withnac elongationi atrbreakt 6f@#5% and a
15 Shore A hardness of about 90,

Example 3

100g of ISOPLAST 101 pellets were dry-blended with 150g nitrile rubber of example 1.
_ISOPLAST 101 is a commercially available rigid TPU from DOW Chemicals,
ISOPLAST is a trademark of DOW Chemiq_al Co.. The T, of this material , as -

20 measured according to the DSC method described above is about 95°C. The material
does not show any major transitions below this temperature.

The dry mixture was melt-blended in a HAAKE RHEOMIX 3000 internal mixer. The
mixing rate was set at 80rpm_and the temperature setting was 1 85°C. After complete
melting of the mixture 6 grams of dicumylperoxide (DCP) was added. Mixing was then

25 continued for 2 min at 80rpm, then the mixing speed was reduced to 50rpm for 13
minutes, after which the vuicanizate was discharged, cooled and shredded.

The shredded wulcanizate was extruded using a HAAKE RHEOMEX R254, L/D 25,
single screw extruder, equipped with a conventional PE screw with a compression ratio
of 1:3, and a 3mm rod die. Properties of the material were measured on the extruded
30 rods using an Instron 4500, operating with a cross-head speed of 100mm/min. The



of 1:3, and a 3mmrod die. Properties of the material were neasured on the
extruded 30 rods using an Instron 4500, operating with a cross-head speed
of 100m m n. widsd40137 PCT/EP99/00154

13 resulting stress at break of the nmaterial was 5.2MPa with an

el ongation at break of 50% and a Shore A hardness of about 90.

Exanpl e 4 100g of the shredded rigid TPUf exanple 1 was dry-bl ended
with 1509 EP 0 M .
The Tlerr] o Hné Egﬁbréaé@{{%étgﬁ%e&slé%woﬁbé}or%ﬁgf%é%sta; The
dry mxture ﬂﬂ%arﬁbpt@bh@’ﬁﬁ%ﬁ?qfﬁb%thE RHEOVI X 3000 internal mxer. The

m xi ng rate was set at 80rpm and the tenperature setting was 185[err]C
After conplete 10 nelting of the mxture 7.5 grans of dicunyl peroxi de (DCP)

was added. ingl Yas t hen continued for 2 mn at 80rpm then the m xing
speed was re % 50rpm for 13 m nutes, after which the vul cani zate
was di scharged cool ed and shredded. The shredded vul cani zate was

extruded usig W@@Hﬁ%’?@g@é&,oﬂé@pﬁﬁ 1 w::issI 9 ~Stentfed With eﬁ&ﬁgﬁ%ﬂ 3

equi pped wi t h conventi o ssion ra
and.a 3mmr é&ih!ﬁeé('(ﬁﬁr"'&bbﬁ‘?meéﬁﬁmf“h@ griredamark OG\DSM)niB&; i, &ofl this) rattber wesr uded

rods using ammeabsred 8 DETE beORMRUBLEMY W th a cross-head speed of 100md mi n.
The resulting stress at break of the material was 6.6MPa with an

el ongati on at break of 10% and a Shore A hardness of about 93.
The dry mixture was melt-blended in a HAAKE RHEOMIX 3000 internal mixer. The

mixing rate was set at 80rpm and the.temperature setting was 185°C. After corhplete

10 melting of the mixture 7.5 grams of dicumyiperoxide (DCP) was added. Mixing was then
continued for 2 min at 80rpm, then the mixing sbeed- was reduced to 50rpm for 13
minutes, after which the vuicanizate was discharged, cooled and shredded.

The shredded vulcanizate was extruded using a HAAKE RHEOMEX R254, L/D 25,
single screw extruder, equipped with a conventional PE screw with a compression ratio

15 of 1:3, and a 3mm rod die. Properties of the material were measured on the extruded
rods using an Instron 4500, operating with a cross-head spee& of 100mm/min. The
resulting stress at break of the material was 6.6MPa with an elongation at break of
10% and a Shore A hardness of about 93.



CLAI M5 - 1. Conposition conprising (A) a rigid thernoplastic

pol yur et hane not having a major T[err] of less than 60[err]C and
(B) a rubber-like nmaterial having a T[err] of |ess than 20 err]C
wherein the WP§H1¥%atio (A):(B) is at nost 85:15. 52. PCEFRIYW
according to claim1 wherein the rubber-1like materi al 4—5—&—ﬁarerral"”’

-%her.thiiﬂ a pol yurleF Eane o I3 lCO{T‘pSﬁltlon accor \ | “ mm\
erein egggggr-lemaerla is selecte mﬂgﬂw

consi sting e rubbers, hydrogenated diene rubbers,
rubbers, rubbers based on ethyl ene propyl ene bl ends, EPR and EPDM rubbers.

10 4. Composi t icumppelen dbmgrising @) ﬁgie thérmiopRsty Sﬁﬁﬂetﬁﬁ\élhﬁl ﬁasm»yws ein

the T of the a e

Conposi ti on accor@PRGT °3Y35F§]aﬂlégk‘gﬁg$@ ?Jhgeéﬂk F'Pfeft?r R ﬁb%ﬁ?sﬁ ﬁhEB
material is 20°C, wlharsle thehwaight PatfodA):{BJ.is at mos§85:15. Conposi ti on accordi ng
to any one of the precedi ng cl ai ne V\/nerei n the wei ght 15 ratio
(A:(B) is at nost 75: nposition according to claim®6
“wherein t he®%ei ghthn:(zﬁoFgW( ﬁco(qg}g toLlaim 1n\5gqrem the rubber-likg -maierial is a material
Conposi ti on accorstherghdma poNuréthgne0f the preceding clainms wherein the rigid
t hernopl astic pol yurethane is based on di phenyl net hane diisocyanate. 209.
Conposi tion according to claim8 wherei n the di phenyl met hane diisocyanate
conprises 4,3 - diGsmpostionatrardingdiol caicy2mdesin the rublser-ike materigbisi selented

accordi ng to any f arb V\,ﬁ‘f‘d'
sof t - bl ock cont enf'fmﬁ%%t e@%@%ﬁwgﬁ?ﬁé FUbEE arﬁga%g%'eé‘gsmb ers, 3'!‘,‘3‘73 by

vei ght , rubbers, rubbers based on ethylene propylene blends EPR and EPDM ru bbers.

104. Composition according to any one of the breceding claims wherein the T, of the
rubber-like material is less than 0°C.

5. Composition according to claim 4 wherein the T-O of the rubber-like material is
less than -20°C.

6. Composition aéoording to any one of the preceding claims wherein the weight

15 - ratio (A):(B) is at most 75:25.
7. Composition according to claim 6 wherein the weight ratio (A):(B) is at most
50:50. S
8. Composition according to any one of the preceding claims wherein the rigid

thermoplastic polyurethane is based on diphenyimethane diisocyanate.

209, Composition according to claim 8 wherein the diphenylmethane diisocyanate
comprises 4,4'- diphenyimethane diisocyanate.

10. Composition according to any one of the preceding claims wherein the
' soft-block content of the thermoptastic polyurethane is less than 25% by weight,
" based on the fotal weight of the thermoplastic polyurethane.

2511. Composition according to claim 10 wherein the soft-block content of the
thermoplastic polyurethane is less than 10% by weight, based on the total weight



based on the total weight of the thernoplastic polyurethane. 2511.
Conposi tion according to claim 10 wherein the soft-block content of the
thernopl asti c pghysset hane is less than 10% by wei ght, based mratsrodiss al

wei ght of the thernopl astic pol yurethane. 12.
Conposition according to clai m 11 wherein the soft-bl ock content of The

thernopl astic polyurethane is | ess than 5% bys wei ght, ” u I
wei ght of the therno ol yur et hane. 5 mn m
according to any &hihedpermopia 88‘@;‘ ﬁ'@ﬁﬁ | ai ms wherein ther ¢

t her nopl asti c pol yuret hane |s made usi ng.a chain extender sel ect ed fromthe

group consi st1|2ng okon@gﬂ cf]airﬁ .p{%%&q,gjlt% so%t[ﬁékhﬁéni t35f the

pr opanedi ol avi ng a nol ecul ar ess than
500. cont ai ni ng an thermomastlc p&lyksﬁw,ane laglemwawsf/hb)awe@bu bﬁﬁﬁﬁm thgftotalwejght

atoms between the driMg tharbPi¥stic pburethane. 9r oups. 14. - Conposition
“according to any one of the preceding cl ains whi ch conprlses a
conpati bilizer. 15. Conposition according to claim 14 wherein said

conpati bi |'i ze13.i s Tofrpasitiony according to anyobietdf bthki preteding Iielfis wherein the

Conposi tion accor t.o any one of .the preceding clains e

rubber-1j ke mater ﬂé‘frﬁ‘ﬁﬂlgihé: éloyuﬁh@ﬁrff = using if‘ga'" ex&) \t‘\ggl{e?tgﬁ f%@c%)hredl ng

to claim16 which greupdgamanimg@fll;eomﬂtyiglmd.eﬁa-propanednol 2-methyl-1 3- propanediol -
and other diols having a molecular weight of less than 500 containing an

alkylene group with an odd number of carbon atoms between the two hydroxyl

10 groups.
14. Composition according to any one of the preoedmg claims which comprises a
compatibilizer.
15. Composition according to claim 14 wherein said compatibilizer is a reactive
compatibilizer.

15 16. Composition according to any one of the preceding claims wherein the
rubber-like material phase is vulcanized.

17. Composition according to claim 16 which is dynamically vulcanized.
18. Composition according to claim 16 or 17 wherein the vulcanizing system is
selected from the group consisting of sulphur containing systems, phenolic
20 containing systems, peroxide containing systems.
19. Process for preparing elastomers by melt-blending (A) a rigid thermoplastic

polyurethane not having a major T_ of less than 60°C and (B) a rubber-like
material having a T, of less than 20°C, the weight ratio (A):(B) being at most
85:15.

.25 20. Thermoplastic elastomers obtained by the process according to claim 19.

21. Composition as defined in any one of dalms 1-18 which is in the form of a
biend, either liquid or solid.



18. Conposition according to claim 16 or 17 wherein the vul cani zi ng
systemis sel ected fromthe group consisting of sul phur containing

systens, phengl | 83 cont ai ni ng systens, peroxide cont tens.
19. Pr ocesé”q%%% r7epar| ng el astoners by nelt-bl endi ng (A)igi]krl gl d'>é§

t hernopl astic . pol yuret hane not having a mejor T[err] of |ess than
60[err] C and (B) a rubber-1like mat er,i.al having a T[err] of Tess

30, 2Lt ropl st ¢ 6l ast omer s obs a1 ned by ¢he'process achlllllllﬂﬂ IIIHHIILIHIII
claim19. = >21. confaagﬁmédom@scﬂa%lmm.ch% ¥nQi8Sofld. C

isinthe formof a bl end, either liquid or soll'd.
16 22. Conposition according to claim?21 which is a granul ar solid.
23. Use of2@ congeesdftd eompsition fasndefined) iy erigofothe tdb‘&n§ haigngr d+-38 fopr

gﬁ; IZﬁ gf ,? L e ”%Fé@r&)%gg%b}eé%l@? r(R ancq %) and e)d pnor {0 c))(regu%rg' Otrhet 0 or

elastomer production.



