POLYURETHANES CONTAI NI NG REI NFORCI NG POLYMERS This invention relates to
pol yur et hane pol yners. Pol yurethane and pol yurea polyners are w dely used
in a large nunber of applications. Elastoneric pol yurethanes are w dely
used in aMWP{8893¢ of applications such as dynam c el ast omdd/{F0yS6d%anpl e,
wheel s, belts, gaskets), autonobile fascia, and many others. Flexible

pol yur et hane foans are used in many seating and cushi oni ng applications

such as hone and j r 0 ' r ' hese

pol yur et hanes ar8eiﬁ%@@@*%#@%%ﬁéﬁ&ggﬁsﬂN?%QEj&%@??&ﬁkg?agﬁiﬁﬁ ni c

pol yi socyanate wth a high equival ent wei ght polyol or polyamne and a
chai n extender or crosslinker. The high equival ent wei ght conponent is nost
comonl y a pol yébkenvertianislains bypslyaretianapolynersper i socyanat e-reacti ve
group in the range of about 800 to about 3000 daltons. In addition, rigid
pol yuret hane foans are used in a variety of insulation applications,

not a:ol y5 app: i anPely:gnfthﬁé bad ,ﬁ)ol/}ﬁmeéeepblhlﬁll)érﬁéfﬂe wfviﬁﬁlﬁedse}dr&npd{ dge témnﬂdee@fe an
i nsul ati ng yer. o mw thjn the s of the_appliance cabinet.

Lani nat ed FPEFaLPBSs Q@@%tog}ega @eﬁﬁﬁ%&gﬁw YAT8 | ey cBsrd. Todd vatiei ©f

pol yur et hapgsi GaRnB&ulRAR Gpldidic’ @habinke! Yiok REXRSNS | WheJAVHJIRL ghbidts), t hat
are widely avail able. However, there are instances where inproved physi cal

propert i esantomabelsi faatiheandneamsx athsre dflexihlespolgutethahd émingrd mséd axi bl e

pol yur et hane f oans. Load-hearing, ich is usually expressed in terns of
Podnt at i oy, ebtpgr AT RERbLI aMlllcBlghs B s KodSPhRERRe RrdfLieeD)
can bel@esbedding aad vehéclabedtbt \THeke dolyd@dthhifes appalitosanlwpyy made iwade such

as that of a person sitting on.,a foamcushion.in a chair or, auto ile
seat. Pr ovr%ﬂCﬁ@nipr%@é%ﬁmgmfwm eo‘w?_ﬁrss high 6y Va}?&f ehtighl b3ohT ages.
For exanpl gelyhgliderandOadhRaa kR deA Ry PEOSIInkERE TRe QRERI AuBAK B} bt
product performance at | ower foamdensities, thus reducing raw materi al

costs and RYRPIRENLhiS M9 doBRBOYR prRalxeshersihaving: B, equiliplghierweighid veear i ng
foam can b ?soU?ae.rgté-Qeéc@i'vQ Q%upsl%(ﬁ]b Qg'ﬁge of about 800 to about 3000 daltons.

15
In addition, rigid polyurethane foams are used in a variety of insulation
applications, notably appliance insulation, where they are foamed in-place to
create an insulating layer of foam within the walls of the appliance cabinet.
Laminated rigid foams are also commercially significant.
20

Good quality polyurethanes can be made using relatively inexpensive raw
materials that arve widely available. However, there are instances where
improved physical properties are desirable. One example of this is load bearing in
flexible polyurethane foams. Load-bearing, which is usually expressed in terms of

25  indentation force deflection (IFD) or compression force deflection (CFD), can be
described as the ability of a foam to support an applied load, such as that of a
person sitting on a foam cushion in a chair or automobile seat. Providing
improved load-bearing offers several potential advantages. For example, better
load-bearing can permit one to obtain equivalent product performance at lower

30 foam densities, thus reducing raw material costs and making the foam less
expensive. Similarly, a higher load-bearing foam can be used in thinner sections,

again resulting in reduced foam costs.



again resulting in reduced foam costs. There are several known technol ogi es
for inproving foam | oad-bearing. For exanple, an inorganic filler can be
added into the fornul ati on. However, this causes the foam s el ongation and
tear streWQHPodecrease substantially while increasi ng dF&ds¥IN/156¢he

equi val ent wei ght of the polyol conponent can be reduced, but this causes a
| oss of elongation and raises the Tg (glass transition tenperature) of the

pol yur et hane. Al er s t . O <t 0 e, pal r
ol Yol pr oduct o 10F % aFY SaectR Ralsin BeRloAEe THIELRLY sl 1R BB o
el ongat i on Fandxamplepkn igpracindilleavamge pddsd taophefsmobatiat. SHowbuts, tldnay

met hod of inproving. | oad-bearing ideally proyides the desired. | oad-Qhearing
i npr ovenenfggﬂ‘?ﬂ%‘enf&?ﬁtsa?]ﬁp%fl%’t ﬁ’ége”F?'FpBVE%Q#‘ ior ‘ffé??i‘ele_e%uﬁ’sg%’é’r?ué(sw Efisi | e
strength, teabaghs eRakily. eMBBIa it Nent QRSERLY of qagpmfoil &msSlenfiNdnabe 1 ow
within acceptable limts. Mreover, it would be highly preferable that a

t echnol gy réduceilnbriothinganesace besardl rdonsabiopearidnpieasethecd: (Bassgirangtinary,
comonl y avyaj i i t h I itions
i1 ar "t o PApp ARt Es) BEM] PolBRIRY AR ABEFeaDh 18, RESEERRhREL- 0L

Ri gi d pol yusepbgneripolob pruavictsgpfivapivay §eprlapahtscespabschab sesuliesi 4 dake. |1 n

one aspect, .this i nvelgéi on Jés 3%9 ur et hane and/or.%rgoltyurea foam nade in
the reacti ShelgPeatiop) ang 1 BaLine yams PAEREPOFOIYPIRIGESIANERTE; and (b) an

i socyanate-reactive conponent that includes (i) at |east one

i socyanate-reactive material that is liquid at 25C, has an average of at

| east 20j socyandthesy ary mefbodypbimproyine lpghdearias ddeprlbimpeayidesdherdesineight of
500 to 8, 000, 1 and: (i one hi.ah-nel b . Iti
o nt ot £ doyek i iplprBler GRN T M ANGHE LB M brdedobied BRI AP [ 1O

than 0.75 dembile stedngih,ateed sirahgthaetongatipardemstter compresomeet pad wir Bowane
conmponent SW(?lthal]tfl gco(%gta%ie r]Pnrlﬁs.t h%}fox%vaer, it would be highly preferable that a
technology for improving load-bearing can be implemented using ordinary,
15 commonly available foaming equipment and under other processing conditions

similar to those currently used in making flexible polyurethane foams.

Rigid polyurethane foams having improved properties are also desirable.

In one aspect, this invention is a polyurethane and/or polyurea foam made
20  in the reaction of:
(a) at least one organic polyisocyanate; and
(b) an isocyanate-reactive component that includes
@) at least one isocyanate-reactive material that is liquid at 25°C,
has an average of at least 2 isocyanate-reactive groups per
25 molecule and an equivalent weight of 500 to 8,000, and
(i1) at least one high-melting polymer that has a melting point of
from about 45 to about 200°C, a Tg/Tm, calculated from °K, of
less than 0.75 and a calculated interaction parameter with
other polyurethane components y at 300°K of more than 1.6
30 and at 400°K of less than 2.0.

In a second aspect, this invention is a process comprising
@ forming a reaction mixture by mixing

2.



and at 400K of less than 2.0. In a second aspect, this invention is a
process conprising (1) formng a reaction m xture by mxing(a) a

pol yi socyanate and (b) a isocyanate-reactive conponent that includes (i) at
| east oneWiOsU®@pedtat e-reactive material that is liquid at Z8E/UNGLSEh
average of at |east 2 isocyanatereactive groups per nol ecule and an

equi val ent weight of 500 to 8,000, and (ii) at |east one high-nelting

pol ymer that has a nelting point_of fromabout 45 to about 200C, a T /Tm of
| ess than 0.75 &N BOlFHPe A aied¢ at 300K of nore than 1.6 and at 400K of

less than 2.0. ()3 idBEiRGkdGedchoe EERAFLINR 1HAshEged O @ tenperature above
the nelting tenperature of conponent (b) (11) for a time sufficient to nelt

conponent (b)(ii), and optd)onalakJeashprié ispcyamate-reagtivg nintetial thot i6 kpoganat e,

(I'1'1) curing the reaction rrixttgl;C

roduce a pol yur et-hane ,and/ or
pol yurea, and (IN) cooling the pg%g;gr Rafe aé’r%é) ergggl%ylﬁ?%aztlgo‘f?@%\tﬁ't he
mel tingst enperature Tm of conmpeagiive ( Bidups) pet Nndldehiler GindS RAC tequivicht
invention is a dispersion of a continuous g ase of at | east one

i socyanat e-reactive material tNeeightof5PQie 4,080, #BLC, has an average of at
I t 2 te- ti i ight of
eas I socyanat e-reacti yg 9r QURS,PShe T8 lﬁﬁfg&tgn$9§|l§?{eé§%g€£ g?g ?%elmgg o]

500 to 8,000, and a di sperse phase conpri a eas e

hi gh-nmel ting pol ynmer that has oirgldfifiugn pbouit 450fo dlscmn28btLita THTL @f ddseut
200C, a T /T of less than 0.75 and a cal culated c at 3Q0K of nore than 1.6
and at 400K of |ess than 2.0. [t a%of@??‘ﬁ aaietedypiag S0AVE of imepre thay

pol yur ghhane and or pol yurea pqlynei . BeRK f1ihanLgaq i on of:

(I)  bringing the reaction mixture to a temperature above the melting
temperature of component (b) (ii) for a time sufficient to melt component
(b)(ii), and optionally (b)(ii) reacting with the polyisocyanate,
(III)  curing the reaction mixture to produce a polyurethane and/or polyurea, and
15 (IV) cooling the polyurethane and/or polyurea to below the melting temperature

Tm of component (b)(i1).

In a third aspect, this invention is a dispersion of a continuous phase of at

least one isocyanate-reactive material that is liquid at 25°C, has an average of at

20  least 2 isocyanate-reactive groups per molecule and an equivalent weight of 500 to
8,000, and a disperse phase comprising particles of at least one high-melting
polymer that has a melting point of from about 45 to about 200°C, a Tg/Tm of less

than 0.75 and a calculated y at 300°K of more than 1.6 and at 400°K of less than

2.0.
25
In a fourth aspect, this invention is a polyurethane and/or polyurea
polymer made in the reaction of:
(a) at least one organic polyisocyanate; and
(b) an isocyanate-reactive component that includes
30 @) at least one isocyanate-reactive material that is liquid at 25°C,

has an average of at least 2 isocyanate-reactive groups per

molecule and an equivalent weight of 500 to 8,000, and
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(a) at |east one organic polyisocyanate; and (b) an isocyanate-reactive
conponent that includes (i) at |east one isocyanate-reactive material that
is liquid at 25C, has an average of at |east 2 isocyanate-reactive groups
per nol ecWO0188¢B6an equi val ent wei ght of 500 to 8,000, andUL/ySoaiSd4@ast
anor phous pol ymer having a Tg of greater than about 45C and a T /Tm of
greater than 0.65. In a fifth aspect, this invention is a process
conprising (I) formng a reaction mxture by m xing (a) a polyisocyanate
and (b) a isocyanat é‘Br eaé‘f&i?ét éﬁ’ﬁf)&?é‘ﬁtpof T haying, 8 ds of gyeater ﬁ@é’s‘?cboﬁﬁe

i socyanat e-reactive mat eysad 1hHAtT,/S, driggetitdr Blarnd®E5 has an average of at

| east 2 i socyanate-reactive groups per nol ecule and an equi val ent wei ght of
500 to 8,000, and (ii) at |east one anorphous polyner having a Tg of
greater than about A% C and, yp. t.o0 atgout. 200C and a T /T of greater than
065, (11) bringt AdIHHETAEs cbisdRRURRP & RF-5° (URPRFAEur e above the T of
conponent (B) (i fdrnfifg adehdtivh mskitcheRixih@r conponent (b)() to undergo a
phase transition to a rubbery state and becone ani sotropically dispersed in
the reaction m &utBolyispeyapasandhg the reaction mixture to produce a

ol yur et hane ang/\o(r . D | pol yur et hane and/ or

Bol gur ea to bel gé?/ %ﬁg%%eegegﬁ%g%%%ﬁ@(%ﬁy?ﬂll%tqgf'l%ﬁgs si xth aspect, this
invention is a polyurethafkg arndagroneakbgayneatepehstiver mhteriabghat sdwquid a4 phase
conprising the reaction prodyuct, of an i socyangte-reactjve material that is
liquid at 25C, has an isocyg%abe ntt iagﬁrﬁ\éﬁ A Eeﬁfglzleé?fyaél Fgeaghve

10 groups per molecule and an equivalent weight of 500 to
8,000, and

(ii) at least one amorphous polymer having a Tg of greater
than about 45°C and up to about 200°C and a Tg/Twm of
greater than 0.65,

15 (II) bringing the reaction mixture to a temperature above the T¢ of component
(b)@ii) for a time sufficient for component (b)(ii) to undergo a phase
transition to a rubbery state and become anisotropically dispersed in the
reaction mixture,

(III) curing the reaction mixture to produce a polyurethane and/or polyurea, and

20 (V) cooling the polyurethane and/or polyurea to below the Ty of component
(b)(ii).

In a sixth aspect, this invention is a polyurethane and/or polyurea polymer
having a having a phase comprising the reaction product of an isocyanate-reactive
25 material that is liquid at 25°C, has an isocyanate functionality of at least 2 and an
equivalent weight of 500 to 8,000, and a polyisocyanate and a co-continuous,
anisotropic phase of at least one amorphous polymer having a Tg of greater than
about 45°C up to about 200°C and a T¢/Tu of greater than 0.65, or reaction product
thereof which an organic polyisocyanate.
30
In an seventh aspect, this invention is a dispersion of a continuous phase of

at least one isocyanate-reactive material that is liquid at 25°C, has an average of



equi val ent wei ght of 500 to 8,000, and a polyi socyanate and a

co-conti nuous, anisotropic phase of at |east one anorphous polyner having a
T of greater than about 45C up to about 200C and a T /T of greater than

0. 65, or We&UtseI* product thereof which an organi c polyi s®JTAMRRE@564T n an
seventh aspect, this invention is a dispersion of a continuous phase of at

| east one isocyanate-reactive material that is liquid at 25C, has an

average ofat .l east 2 isocyanate-reactive groups per nol ecule and an
equi val ent akd$aFhe 1RACY BRATC rBAAdIVE GROURSRET A UPEH ABE 2P REEW alempreigh iy 500
particles @f @god, eadt a R e%@bﬁ@é@u%n_?ﬂléiﬁg a?ﬁ(‘ﬂb@%f aat-liez%ft &{eeé‘ﬁlgfpﬁolﬁ@n

about 45C up to about 2 and a T /T of greater than 0.65. In an eight
aspect, t h@OIthang 2 e of great¢rathed abmhtid5%} up tatab@lﬂoﬂ()(ﬁﬁ}chmita 490K dfor t he
hi gh- neltl r@géganic pol yi socyanate pair for the above aspects of
t he |nvent| ﬁﬁ@t n 1.6 and 4.0 and between 0.74 and 2.0 respectively.
I n thiS5invent|on, pol yur et hane and/ or pol yurea polyners are nmade from a
formul ation containing a certain polgnerlc additives. These additives can

1

be either a hi gHom@ qig aﬁneyfsttb@ nvea %wmlc@a‘@erdevalwof » ah3PBkR abg athe

short hand "hji n [ anDr Vi ng
certain chaggg{keg?rs%f?ecgl (,%Jéts’lgaleﬁ(%% D?%PPVS&%Y F é’%ﬁ\‘ie&i’ °t hese
pol ynmers ar %sp&&@r&q@etﬁvbﬁm; s BetwEd NfPLEHNYD &@amwv@en Asrausad 3.0

herein, a "crystalllne" or "high nmelting"” polynmer is one which (a) exhibits

a crystalllﬁ@ﬂﬁﬁBEQYon of at least 0.3 (parts by weight per part by weight
pol ymerh as a bul k polyner at roomtenperature or (b) exhibits a ratio of
Tg/ Tm of | ess than about 0.75, when the T and Tm are expressed in an

absol ut e t enper dhthi isgeahtéon, olywo¢thapa pndiod pplyureaapdyieys seesadofroasaune an

anor phous foorm. n the pol yurethane an /or ol I ue to
processi ng f@%‘&l‘a PR n%ﬂg Sqh et ﬁ’é? ?ﬁéﬁi&g’é{?%r Bﬂb%ﬁsatdfgﬁlﬁ’?a’fa}rbﬁecan
occur. It |esthlee@ogryhzmdltidga&rysmusﬁ@pbllyﬁlek Vréfkired GoYidrald B thpahypihgdar e at
best parthll%_ %stalllne,”and
hig ing polymer”), or a hlgh Teg amorphous polymer having certain
15 characteristics as discussed more fully below. Collectively, these polymers are

referred to herein as “reinforcing” polymers.

As used in herein, a “crystalline” or “high melting” polymer is one which (a)

exhibits a crystalline fraction of at least 0.3 (parts by weight per part by weight

20  polymer) as a bulk polymer at room temperature or (b) exhibits a ratio of Tg/Tm of
less than about 0.75, when the Ty and Twm are expressed in an absolute
temperature scale, or both (a) and (b), and (c) does not assume an amorphous form

in the polyurethane and/or polyurea polymer due to processing conditions that
quench the polymer before crystallization can occur. It is recognized that

25  substantially all “crystalline” polymers are at best partially crystalline, and

contain crystalline as well as non-crystalline phases.

The term “amorphous” polymer, is used to denote a polymer which (a)

exhibits a crystalline fraction of less than 0.3 as a bulk polymer at room

30 temperature, (b) exhibits a ratio of T¢/Tm of greater than about 0.65, when the T,
and Tm are expressed in an absolute temperature scale, or (¢) is a normally
crystalline material that assumes an amorphous form in the polyurethane and/or
polyurea polymer due to processing conditions that quench the polymer before

_5-




contain crystalline as well as non-crystal hne phases. The term "anor phous”
polynmer, is used to denote a polynmer which (a) exhibits a crystal I i ne
fraction of less than 0.3 as a bulk polynmer at roomtenperature, %]

exhi bits WOHUEH6of T /Tm of greater than about 0. 65, V\her]r’qT}‘l‘éSWé ®4Ahd Tm
are expressed in an absolute tenperature scale, or (c) is a normally
crystalline material that assurres an anor phous formin the polyurethane

and/ or pol yur yrer due to Si ns t hat h t he

pol yner bef@?%@%%?arf ICF‘Qa?CC’% H%Pﬁpé/ﬁg taﬂborﬁh&ﬁs @theﬁels
anor phous REéEEREhaAnSO. gm,esaidefhoﬁefm@fe@amg),abamgmre preferably above 0.75.
H gh-nel ting pol ynmers suitable for use herein have a crystalline nelting

tenperature of fromabout 45 C, preferably from about 70C, nore preferably

from about BOC papnlfeitile JRythIM MBEBRERS A 1R ROk w%s%ma@%a@ﬁ/

pol yurea-form ng tTornu ion. The nelting tenperature i s typical
gr eat er 5t haemabadtre2 60 Zomppkdwr 451 ¢, prefepabht &ont Iahmutamj’@‘t ndc&@(preﬁa\rebiyrmr e

preferably no grea ~Lhan abgut 160C and nost. f reater than
hout | 1800 R doety 9P o8 P e GRSy REr o B Brer b Arblarb o

W th a reagblyi@edrforidihg f@milaEoh.S Ofsamaliad aﬁﬁlbér‘éalr@&baiypﬁbﬂﬁﬂﬁ @@aggrganl c
pol yi socyanate, at tenperatures above the nelting tenperature of

hi gh- el t i 2R ebyWetOSHdPatenaply Ry eraadpryhast ahmus IS8, rﬁje{léﬁ?f@rlmefﬁr@%lmsed
in curing tﬂ&%r@é’t!ei/%ﬁ{m 1809 94 ROLYMNRAHO Y APafeP M bdRNsoedRel ative

m scibility” Tnvolves the calculation of Intéraction paraneters (c val ues)
for thaoOhi gh-nelting polynmer and the main other conponents used in the

pol yur et hane and/ or e 0 r mul atl n.c,valu uni t I ess
Dol ves whi ch ar dncoin e Rir:Suflid A Rits Rustasep 2issblo i o eastbe
hi gher sof ti@-eP60EhC isocPin Mk &febilvarm Shefil airicpaﬁ,oﬂgﬂﬁlc PiRbdyanete, t4e
cal cul ation procedures are _described in K. Choi and WH. Jo, I\/acrom)l ecul es

30: 1509- 15Fampeguyes ahoxe fihgcmeliingetesparpten dfsthenkishpaelbingardener rngy ;
f €
rererence. _v@ﬂﬁheﬁx%t P&hg‘é e/faimgﬁéssmage \A%Iﬁ{,efamfeg 424 irneg%tﬂéél 33?1 Lp%ﬂlﬂletf{ag%m 0

relative m sci bi I's predicte eh the ca cul at
bel ow. 15 and/or polyurea forming formulation. “Relative miscibility” involves the

calculation of interaction parameters (y values) for the high-melting polymer and
the main other components used in the polyurethane and/or polyurea-forming
formulation. y values are unitless values which are conveniently calculated using
Cerius?, version 3 or higher software products of Molecular Simulations, Inc.
20 Details on the calculation procedures are described in K. Choi and W.H. Jo,
Macromolecules 30:1509-1514 (1997), the disclosure of which is incorporated
herein by reference. Decreasing y values predict improving relative miscibility.
Good relative miscibility is predicted when the calculated y value is 1.0 or below.
Preferably, y values for the high-melting polymer and organic polyisocyanate
25 and/or the isocyanate-reactive component used in the highest concentration are
developed. More preferably, y values are developed for both the high-melting
polymer and organic polyisocyanate and the isocyanate-reactive component used
in the highest concentration. In addition, it is preferred to develop y values over
the temperature range that will be encountered during the processing of the
30 formulation, that is, from about 300K to about 473K, more preferably from about
350K to about 453K. The calculated y value at 800°K is preferably higher than
1.6 to get phase separation upon cooling and at 400°K is preferably below 2.0 for

-6-



Preferably, c¢ values for the high-nelting polymer and organic

pol yi socyanate and/ or the isocyanate-reactive conponent used in the highest
concentration are devel oped. More preferably, c values are develoged for
bot h the WOHB8I6t i ng pol yner and organi ¢ pol yi socyanat e d¢d/{e/15647

i socyanate-reactive conponent used in the highest concentration. In
addition, it is preferred to develop ¢ values over the tenperature range
that will be.encountgred duri t he. processi.ng of the formulation, that is,
ff om about SSACR PO AbHth el nt PGB BT ER DR IRRBI aLAT: SBoIE0t BBt
453K. The ealBshaitedeRingahdlPmat/paPicyahalt phieiRkEdertodh@litdtbaRe efetiba get
phase separation ﬁfon coolingland at 400K 1s preferabli@gglomlz.o f or at

| east one _ o PRIenEn ERraBERATS theriempeTabetpaitage- Mare thrdleraldyidaent
pai 1 or t N@aft@ied™s vhli0h PRIVRTE ARGIokLS 90V BRALEARA {ha'. Pf A8 at'10adiab! | a1 €

the reaction betweén all conmponents throughou nperature range. Mre
pr ef er abl y of thehiphhaelbabablinsahti Bbcylaie-teaclies sorhhufen? pRirastdhg haad-er
than 0.74 for,_at |east one of the high-nmelting pql ymer/ main
i socyanat e PIHBEPY n%f?ﬁgﬂ%m’alﬂﬁi? PaYr TR W%ﬁ@gﬁrﬁ 1s a calculated y value

ol ymer/ pol_ yi L. I refe C val ue at
00k of | eck FREKAPLEs ik 1 HY B FPUGRIGHCLE B bef R LB B iR
i socyanat e-igceaaidte-@ef0iv otvifonpat hald ot hke Migh nivblihd BYlymer/polyisocyanate

pol ymer/ pol yi socyanate pair. Ln a preferred enbodi ment, the calculated c
val ue at 4@’@!&"-?@‘%8%%%36@8%@1’?@ %Crﬁ%‘ﬁg hyadRe AErOP ﬁﬁ‘qls between 0.75

pol ymerpolyigsegyaPahe Wahimel : | yLsocyan nt is
VDI, TDI ora a gl end tlglergofn.l © @Eéeﬁéﬂl@%ﬁ%@%&%ﬁﬁ%bgé% a)r"gI %Iée‘l%lcpg?argt? (elc%%to
normal i ze trolyas@ydde nwhpendndiis W IgADIof atlendilgheafel ti ng or anor phous

pol ynmer. The sanme mscibility thresholds can also be used to identify other
preferred enbodi nents of this invention at different nol ecular weights by

usi ng the val ue Tafe  calb¥y £30QQbbod A cdléulptedCd Wrndalige ¥@lhuB000 hbkRufaras t he
basis of conmparison_if _the nolecular weights differs from 3,000. The val ues

al so use t Weeighis ghpthieohighmelting dii gmompliausn golymeamor Bho usmo| iseibility
consti tyt egyANOlNBL LAG! hOMRE BPRILHE, bRl 5%}5%%&%%@ bPERNd the

pol yur et hane or pol yur et hane/ urea hard segnent
invention at different molecular weights by using the value of (y MW)/3000 rather

in place of the value y itself as the basis of comparison if the molecular weights
differs from 3,000. The values also use the assumption that the high-melting of
amorphous polymer constitutes a volume fraction of about 0.1 of the total
20  formulation and the polyurethane or polyurethane/urea hard segment weight

fraction is about 0.3.

High-melting polymers of particular interest are characterized by having a

low ratio of Tg/Tm when both values are expressed in an absolute temperature

25  scale such as °K. The Ty/Tm ratio is generally less than about 0.75, and preferably
less than about 0.70, more preferably less than about 0.65 and most preferably

less than about 0.60. The T¢/Tm ratio may be as low as 0.35 or less, although it is
believed that little additional benefit is seen when the Tg/Tn ratio drops below this
value. Preferably, the Ty/Tw ratio is 0.35 or greater, more preferably about 0.40 or

30 greater, even more preferably about 0.45 or greater. The ratio of Tg/Tm for a
polymer has been related to the expected maximum crystalline fraction of a

polymer when crystallized under isothermal quiescent conditions. See Bicerano,
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fraction is about 0.3. H gh-nelting polynmers of particular interest are
characterized by having a lowratio of T /Tm when both val ues are expressed

in an ab nperature scale such as K The T /T rati aIIy

| ess thaﬁﬁéﬁ%ﬁ%ﬂg(g 75, and preferably | ess than about O. 709C#§§®%§§‘Lf erably
| ess than about 0.65 and nost preferably | ess than about 0.60. The Tg/ Tm
ratio may be as low as 0.35 or less, although it is believed that little
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Ter epht hal at e)", J . Macronol .- Revi ews, pp. 391-479 (19

Furtherd i the Boliaratameiandien P@Eummﬂ cPolymens hm}ngra %% mjﬂm mb}nsn al line
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tend to have m cryst al | frac ons en crystal]ize

i sot her mal P&f?@i}b%oué&?d‘m Fﬁ“‘? f’f‘éwte%é’%?agt}&ﬂ’elé{‘ gﬁpo M¥fer abl y
about 0.6 to about 0.8 part by vvel ght per part by weight of the pol yner.

The crystalline phase formed by the high- rreltlni; pol ymer may be isotropic
(that 1@, |ow adpectystallingphase i@t@ﬁéﬂoaﬁhvhwh@@trrmqiyl(ltammambg iseteqree t

ratio of 2.4l 4DNGw AHELEEAR) Y Prek 8RR ahisolREE: NS B Alb¥ahboRst of) -

"Aspect ratio” 1I's u erel nean I Méns
crystal | it emagte,vpdferably sthkabiaBgesie prebsddy it deatt 5li rf‘lﬁmpe@maltmkem used

erpendi cularl.y to the,l ongest ,di nensi lue conveni e
Poaeer od_byetit #Pisht thp SRR B A pUTE it bV RS FReReatest ound
that the besgfdnhBdedensiva takeh po®lehtiRglpB! tyTRE IHLRstEElensRAN When it has a

nunber average nol ecul ar wei ght of at |east about 1000, preferably about
1000- 28000, nore preferably about 1,500 to about 15, 000,

Tg values are conveniently measured by differential scanning calorimetry.
Further, it has been found that the benefits of the high-melting polymer
are best seen when it has a number average molecular weight of at least about
1000, preferably about 1000-20,000, more preferably about 1,500 to about 15,000,
20  especially about 2,000 to about 12,000, and most preferably about 2,000 to about
6,000.

Among the suitable high-melting polymers are:
(A) Aliphatic polyanhydrides of the general form [-C(O)-(CHR)x-C(0)-O-];,
25 wherein R is hydrogen or unsubstituted or inertly substituted hydrocarbyl,
especially methyl or ethyl and most preferably hydrogen, x is a number of about 8
or more, preferably from about 10 to about 14, and j is a number that provides a
molecular weight as described above. Based on interaction parameter
calculations, these polymers are best used in a weight fraction of up to about 0.1
30 part per part by weight of the isocyanate-reactive component, and at a weight
fraction of about 0.8 and above, in a formulation using MDI or TDI as the
polyisocyanate, and a poly(propylene oxide) polymer as the main isocyanate-

reactive material.



especially about 2,000 to about 12,000, and nost preferably about 2,000 to
about 6, 000. Anong the suitable high-nelting polyners are: (A) Aliphatic
pol yanhydri des of the general form[-C(O-(CHRx-C(O-0O]j, wherein Ris
hydr ogen WO QUr$86st i tuted or inertly substituted hydrocar RAT/UNSpEGT al | y
met hyl or ethyl and nost preferably hydrogen, x is a nunber of about 8 or
nore, preferably fromabout 10 to about 14, and j is a nunber that provides
a nol ecul ar wei ght as descri bed above. Based on interaction paraneter

cal cul ations, thBsAlipbpiiewelyagetelshimstudingethisa of theiagherdlrfaoni [(®HBD-Gp to
about 0.1 r s | | 4 lve €0 t, and
2t h el ghtCR ] whalhn ho WaGier B sbllE & SPRYANTBLLBRF RS PO o
TDl as the gudl Risxicy armate befone Bgzell ywnpimd@ysketioe paxirdeder palopiaionds tlidse nai n

i socyanat ereactive material,(B) Aliphatic polyacetals including those of
t he gener alPoPdPeRe[are Pé)&i‘sﬁiﬂ(lh; ‘”@@Ft, %WQEPLXQ tPé‘%&“EBr?o%?rtd*era‘l%E?’y8 or
more, peef arabhioffth®BoeRiste-deteiife cARForBnd M aifodh @lafien REMEDI BT QN
interaction_ paranmeter calculations, these polyners are best used in a

wei ght f r adht ealyéfocygnate apbamoby(propglene patdepaplymsy agethghmaiy ispeganate-

| socyanat e-r@%q;g;eiﬁ{ Rpponent in a formulation using MJI or TDI as the
pol yi socyanate, and a pol y(propyl ene oxi de) polynmer as the nmain

i socyanat er eact i(Ce Algtharticapolyds@yrsAlrichhihg chped yésher senengll ftinng-(CHRYe of

t he general [-(CHR) XC(, OO )], wherein x,, R and j are . as before. Based
on int eractcr@g{)g]hr‘ﬁﬁ%f”éz XS&Y é‘éga% Poh&s %eﬁ‘@@e ﬁaﬁifﬁ@fls{nﬁ?ré‘cﬂ%%tpaﬁﬁat‘ﬁrn a
vei ght 1br aghiciatRns Uthebs® palaitrs Are b3 dse@eh aPRbikhP¥haWBbid bt uffio hBSut 0.2

i socyanat e-reactive conponent in a formulation using MDI or TDI as the

pol yi socyarPit'e Pahdast BoIWAIRopY thenisoeanaty resstiyenspmagnanteinng; farmulation
the_ genor al T MHECCHRE 2B ol bE AR P B B BEEnd B b E2RE o
i nt er act i orthp aranedoeyarcdt-cedcdive amperial.
(D) Aliphatic polyethers including those of the general form [-(CHR)x-O-];,
15  wherein x, R and J are as before. Based on interaction parameter calculations,
these polymers are best used in a weight fraction of about 0.5 part or above per
part by weight of the isocyanate-reactive component in a formulation using MDI
or TDI as the polyisocyanate and a poly(propylene oxide) polymer as the main
isocyanate-reactive material.
20 (E) Polyhydroxyalkanoates, including those of the general form [-(CHR?2)o-
C(0)0O-);, wherein R? is hydrogen or Ci-Cs alkyl, o is a number from zero to 3, and j
is as before. Among the suitable polyhydroxyalkanoates are polylactic acid (I
and/or D isomers), poly(3-hydroxyl butyrate) and poly(3-hydroxyvalerate). Based
on interaction parameter calculations, these polymers are best used in a weight
25  fraction of up to about 0.25 part per part by weight of the isocyanate-reactive
component in a formulation using MDI or TDI as the polyisocyanate and a
poly(propylene oxide) polymer as the main isocyanate-reactive material.
(F) Aliphatic polyamides of the general form [-(CHR)x-C(O)-NH-];, wherein
%X, R and j are as before. Based on interaction parameter calculations, these
30 polymers are best used in a weight fraction of about 0.8 part or more per part by
weight of the isocyanate-reactive component in a formulation using MDI or TDI as
the polyisocyanate and a poly(propylene oxide) polymer as the main isocyanate-

reactive material.
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t hese polyners are best used in a weight fraction of about 0.5 part or
above per part by weight of the isocyanate-reactive conponent in a
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those of the general form[-O {(CHR) -O}n-(CHRmOC(O-Ph-C(O-]j, where
each mis independently a nunber of at least 2 to about 30, preferably
about @o0to aboutPrEférabiyitﬁeahiQHMting ey er m 's«aiec&bdn&orﬁ (B),r (Iﬁ)er(ﬂb;l o %, 2 or

3, Ph is an unsubstit d syb and J are as
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15 | linkages). Any isocyanate-reactive groups are most advantageously at the termini
of the chain ends. Preferred isocyanate-reactive groups are primary hydroxyl,
secondary hydroxyl, primary amino and secondary amino groups. When the high-
melting polymer contains isocyanate-reactive groups, its functionality (that is,
average number of reactive groups per molecule), is preferably at least 2.0, more

20  preferably from about 2.0 to about 8.0, even more preferably from about 2.0 to
about 4.0, and most preferably from about 2.0 to about 3.0. This functionality
may be readily produced through the appropriate selection of polymerization
initiators. For example, diols to produce a functionality of 2; triols to produce a
functionality of 3; or pentaerithrytol that would produce a functionality of 4, etc.

25

Certain amorphous polymers can be used in conjunction with or in place of
the high-melting polymer. Suitable amorphous polymers are those having a glass
transition temperature of at least about 45°C and up to about 200°C, preferably
about 50 to about 120°C. Preferably, the suitable amorphous polymers are also

30 relatively miscible in a reaction mixture that includes the organic polyisocyanate
and the liquid isocyanate-reactive material, in the sense discussed above. When
the polyurethane and/or polyurea polymer is to be used in applications where it is

exposed to higher than ambient temperatures, in general the T, of the high-
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preferred that the high-nelting polyner contains isocyanate-reactive
groups, so that it is capable of reacting with polyi socyanate groups to
becone i ncorporated into the polyner network through coval ent bonds (that
is, uret h¥DIB8B%r urea hnkages). Any isocyanate-reacti v JOWHdSHE! e nost
advant ageously at the termini of the chain ends.: Preferred

i socyanate-reactive groups are primary hydroxyl, secondary hydroxyl,
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| east about 45C and up . to about 200C, pre_ferablg about 50 to about 120C.
Pr ef er abl y ' PREOEH; Bsltdlommdsrdast asolsprebed i 45T D 1288 .andes|ap saRdiefbl e i n

a reactiongXbiibe d Bat af TR UEESed @@o&,@gﬁgit%mtb@mh%@cy%ﬂa%ﬁo\a/\ﬁgm )nﬁexlsi quid
i socyanate-reactive material, in the sensé discussed above. nthe
pol yur éPhamevinganelt flowl ipdices o) §gfmyin pr moge, vspedaily 20 dgjpphior atdreymendetrer e | t

is exposedtflgsel"goggﬁg{on%Q@gaﬁbqée)ljrg&t tenperatures, in general the T of the

hi ghnel ti ng pol ynmer shou I'gher than the expected use tenperature. The
anor phous pol ynets Befores itaisi meferoyd that h@iafsorp Rodshgolymbs contain 1sBeanate-

pol yur et hane and or pol yurea pol ynmer. These domains are preferably

cocont i nuod§?® Vtetgr?‘l’fgs' pol yuret hane and/or urea matrix. To facilitate the

formation of thae denBirtme HHENARFOIPRAMSPERYCMtS Sa PpaT&lane aRa/d-hat is
a lowviscosity fluid at the processing tenperatures. A suitable neans of

eval uatP ng Pelvaes farjpipg fargrydatiqnsr rhig aselhe dacemplishpeling severahsvages dysithed in
ASTM DlszTeﬂM@fngaﬂblﬁH&l #5&81lid at ambient temperatures, it is preferably mixed with a

liquid component so that it can be fed into polyurethane foam processing
equipment as a fluid stream. A particularly convenient way is to disperse the
reinforcing polymer into the polyether polyol component before combining them
20  with the polyisocyanate and curing the mixture. However, the reinforcing polymer
may also be added together with other components such as chain extenders, water
and/or surfactant streams. If the reinforcing polymer is not isocyanate-reactive at
room temperature, it can even be blended into the polyisocyanate component and
added that way.
25 Alternatively, the reinforcing polymer can be used in making an
isocyanate-terminated prepolymer, either alone or in admixture with a polyether.
The isocyanate-reactive material has an average of at least two isocyanate-
reactive groups per molecule. The isocyanate-reactive groups are any heteroatom
groups that will react with an isocyanate to form a covalent bond therewith.
30  Preferred isocyanate-reactive groups are hydroxyl, primary amine or secondary
amine groups, with primary and secondary hydroxyl groups being preferred. As is
well known in the art of making polyurethane and/or polyurea polymers,

isocyanate-reactive materials come in many types, with the selection of a
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| oad of 2.16 kg, at the desired processing tenperature. Anorphous pol yners
having nelt flow indices of 10 dg/mn or nore, especially 20 dg/mn or
nore, under those conditions are preferred. As before, it is IEreferred t hat
t he armor pHOUY/B8™6yner contai n i socyanat ereactive groups. T&E/VRIATYY ci ng
polymer is incorporated into a pol yurethane and/ or pol yurea form ng

formul ation. This can be acconplished in several ways. As the reinforcing

olymer is sol.id at _anbient tenperatures, .it is preferabl I xed with a
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reinforcin I Yo e d t her 2w erc such
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bl ended into the.pol yi,.socyapate conponent and.added that .wa

Al Lo nat | vergan 1B Bty B G o e ot LS 66 g B e curthane
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pol yether. The_isocyanate-reactive material has an average of at |east two
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bond therewt'h. Preferred I socyanat e-regctlve groups are hydroxyl, primry
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bei ng prefegrre s wel | wn in the.art of_.nmaking ur et hane .and/ or
pol yur ea pgﬁcﬁin%?%ﬁ?is %cy%oggéﬁﬁégg{q D% TRisFeen) Howgwy Pﬁgﬁéﬁé R for\_/vi th
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15  preferred polyether and polyester polyols also advantageously have a nominal
functionality (number of isocyanate-reactive groups/molecule) from about 2 to
about 6, preferably about 2 to about 4, more preferably about 2 to about 3.
Particularly preferred are the polyether polyols that are polymers of a Cza
alkylene oxide or tetrahydrofuran. Polymers of propylene oxide which is random

20  copolymerized or block polymerized with up to about 20 weight percent, based on
the weight of the total, of ethylene oxide are more preferred for making molded or
high resiliency slabstock foam, especially those having about 8-20 weight percent
ethylene oxide end-capping and a primary hydroxyl content of 50% or more. Most
preferred for conventional slabstock foam are nominally trifunctional polymers of

25  propylene oxide and random copolymers of propylene oxide with up to about 15
weight percent ethylene oxide, having less than 30%, especially less than 15%,
primary hydroxyl groups.

Alternative polyols that may be used include polyalkylene carbonate-based

30 polyols and polyphosphate-based polyols. Preferred are polyols prepared by
adding an alkylene oxide, such as ethylene oxide, propylene oxide, butylene oxide

or a combination thereof, to an initiator having from 2 to 8, preferably 2 to 6 active

hydrogen atoms. Catalysis for this polymerization can be either anionic or
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Pl PA or PHD copol yner polyols. (PIPAis the reaction of olamne with

pol yi socyanate t o produce pol yaddition products, see U S. Patent
4,374,209. PHD stands for pol yharnstoffdi spersion.) Such polyols are
descri bedWO1B893¢ur et hane Handbook, by G Qertel, 2nd edi tRGAHUSOLAMEr
publ i shers. M xtures of one or nore polyols and/or one or nore copol yner
polyols may al so be used t o produce pol yurethane foans according t o the

present inventi.on. .A | arge nunher i e, anate-reactiye materials
are descri 584”1 gb@uf‘ﬁ%gg'ﬁ%s E’f%.goggtés%. Bﬂ@%’, %@Tni ?Cﬁf(‘)‘¥eat°é”daher ein
by ref er endoubleley@vide copRkEDVEY daedly&l such @k zpic@Rakdyadoédhakhll. e foans are
pol yet her and pol yester polyols having an equival ent wei ght per

i socyanate-reactive group of from about 500 to about 8,000, preferably

about 800 to abqut re ferabl ut;.10 to out .,2500. ..These
preferred poIye?%é%gg%%ﬂ%81f@%@%§eggl]8%§ gﬁéﬁkélggﬁ?ﬁ%@@%%?§“%§v£“8n
nom nal 5f upolyubsthhhé yandrnpdyuweh foemuyivat as rdacksade bgfoes) peHenpdigfoutiay from

about 2 t o about 6, preferabhly about 2 to about 4, re_preferahly about 2
t o about @Pﬁfﬁa%rﬁngxhhgﬂwng?-_é?%cgefe SPEPPRE 351 Peteb It b shher 2P e

pol yners ofiha Glydhalkih SRR rvtidepantetly ahy el Wishn tﬁelrwgéss d&cripe@py! ene
oxi de which is random copol yneri zed or bl ock polynerized wth up t o about

20 wei ght peforent, based on the weight of the total, of ethylene oxide are
nore preferred for meking nolded or high resiliency slabstock foam
especially those havi ng about 8-20 wei ght percent ethyl ene oxide

end- cappi ng and Theppolfarethiyd aadr SaRieat palimad % ohad® - dMabinips aher red
for conventional K slabstock foamare nomnally trifunctional polynmers of
propyl ene SKREECEEd PPRARB M EoFargirsieactste pratsiabnand xpelEisaraRatfp ¥ndsrabout

15 wei ght pehfiebhs SAYiLE qgoc?éﬁ%are%ﬁeﬂﬁa&e@ﬁ? ahfl q:{&lﬁ%oé@f%rﬁ.&? gchal t%%o}rﬁs S

than 15% prinmary hydroxyl groups. ternative polyols at may be used
i ncl ude polayhighyhelaeulsnmsighdt lirase d Apdhy chmpamehtp akggsh e beaneerbtigre cbf

polyol s. Prtﬁg ?g%?gn%&tﬁ)?el X)%legdsp g’leep I%%Fc?n er gfjacs“s p‘cganas{]cioanl lc(éérllger}gtuqc)éloqethesuc;h
as et hyl ene oxide, propylene oxi de, bu ené oxi de
15  reinforcing polymer, and remains at such a temperature for enough time to melt
the high-melting polymer or effect a phase transition of the amorphous polymer.
The necessary heat may be provided from the heat of reaction of the mixture, may

be provided by externally applied heat, or some combination of both.

20 As it is necessary for the high-melting polymer to melt during the reaction,
it is preferred that this polymer be used in the form of a finely divided particulate,
so that rapid melting of the particles is achieved once the temperature of the
reaction mixture exceeds their melting point. Similarly, an amorphous polymer is
preferably provided as a finely divided particulate, to facilitate a rapid phase

25  change to a preferably low viscosity fluid.

The reaction mixture is cured to form a polyurethane and/or polyurea
polymer. The curing process typically begins before the high-melting polymer is
melted or the amorphous polymer undergoes a phase change, and continues

30 through the melting/phase change process and may extend until after the
melting/phase change is completed. Curing can be done in any convenient way,
including those methods conventionally used in making polyurethane and/or

polyurea polymers. For example, when molded polymers are made, the polymer
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or a conbination thereof, to an initiator having from2 t o 8, preferably 2
t o 6 active hydrogen atons. Catalysis for this polynerization can be
either anionic orcationic, with catal ysts such as KOH, CsCH, Bag 2, boron
trifluori W9 018038 doubl e cyani de conpl ex (DMC) catal yst sFEH/@91350¢E
hexacyanocobal tate. As the reinforcing polyner is preferably relatively

m scible in the reaction pol yurethane and/ or pol yurea fornul ati on as

di scussed bef qr t he r.ei nforcing | yner .and .t he isocyanate-reactiyv
conponent aclag%ﬁffg}l%rcgmdfnst é”&?lg’doﬁp?q)‘ﬁ%fwgfﬁg GIpfiate Ehe %é%légtéﬁoﬁhﬁfeﬁact i on
par amet er (can'al desjol ddd Witholiferhne s deloaastite hnlaahen ?ostﬂflﬁe@@'t Wigddrane
and/ or pol yurea FOl ymer i s made_ by canbi nigq% t he reinforcing polyner

i socyanat e-OF @iveisdelempesitiuae. Meotlsrambeqyeheatad & dasied Oééfﬂtﬁc?i’fséfbé%/q malt t he
| socyanat e- ohi. | | . t |
T R R A S T T
reacti of nmiMongoeere fitlee dsoltlh eambethaatedns gleessatyr nsfidct dhe tneogeeaat pliaseof t he

reinforcin ol.ynmer, ,and r ins at,such a te rature_for ough tinme to
el ¢ the. R Py BB Hee GRSy B the 2paLG £ Rlig ng R R phous
pol yner. Thechifgessfer yndiead nitdedoBesibleViohdtefH01 thii@s ReAheOfscd 8RAEh itRIR Of
the m xture, may be Provi ded by externally aﬁ)pﬁ)l I ed heat, or s

- . O.rre
combi nat i orGtE: hSlakstock fpampng ieshniayes san braissi Jpr making dlepbls faam.t o
mel t - duri ngdiRenti& toARingl tbotliq RGP iakind Bdtd fdihss AR HTRELOGiARRA 10 the
formof a fi nelr;}ldi viplé)edn%ar%i Ccll,l| aste, SO t%a? I’a(.%lh-% rrele%hl ng}%f%tté%e
parti cll@s iis natdd theddbeomee theeproeessenastupwvide thecheasdadft fusivnnfox tthe drighkceeds
their nelting,point. Sinmlarky, .an amorphous pol r is,preferably provided
as a finel ym‘%ltlviga)eoé'nbearr £r & é’,hatq’%g]?%lﬁgllptaaﬂ gmsypﬁg?ﬁﬁé’o e "W o a
pr ef er abl y dndveriempesittiyesfthay deedltiche @@edaisod stthakbaE rélaticel lt@doﬂvl@lnfiﬁiééll a
pol yur et hane and/.or polyurea polyner. The curing process typically begins
bef ore t he A"y ?Hﬁ?ﬁaﬁédﬁd}ﬁﬂé‘?ﬂ}%fehgﬁ%%gﬁﬁwlﬁ% anmor phous pol ymer
under goes a phase change, and continues through the nelting/phase change

process and may extend until after the '
15 The cured polyurethane and/or polyurea is cooled to a temperature below

the melting temperature, in the case of a high-melting polymer, or below the Ty in
the case of an amorphous polymer. It is believed the reinforcing polymer in most
cases will form a highly dispersed but separate domain within the polyurethane
and/or polyurea matrix. In the preferred case where the polymer is crystalline, it
20  is believed to form a crystalline structure that is highly dispersed within the
polyurethane and/or polyurea matrix. Thus, rather than forming discrete, low
aspect ratio particles, the high-melting polymer is believed to form high surface
area crystallites that are dispersed broadly though the polyurethane and/or
polyurea matrix. Similarly, the amorphous polymer forms anisotropic domains

25 that are preferably co-continuous with the polyurethane and/or polyurea matrix.

Most polyurethane and/or polyurea polymers contain both “hard” and “soft”
domains, which are phase segregated to a greater or lesser degree depending on
the particular reactants and to some extent processing conditions. In

30  conventional polyurethane and/or urea polymers, the “hard” domains are typically
considered to include mainly the reaction product of any water, chain extender
and/or crosslinker (as defined below) with the polyisocyanate, whereas the “soft”

domain is considered to be primarily the residue of the high equivalent weight
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mel ti ng/ phase change is conpleted. Curing can be done in any conveni ent
way, i ncluding those nethods conventionally used in making pol yurethane
and/ or pol yurea polymers. For exanple, when nol ded polyners are nmade, the
pol yrrer calYOB/88¢36| y cured in the nold, or else cured to adédiliai'®1réen
strength so that it can be denol ded wi t hout pernmanent deformation, and then
post-cured at anbient or elevated tenperature. Ml ds can be preheated if
desired or .if necessary to nelt .t hi gh-nel.ti | ymer or. effect the
phase ¢ r andt TR GRS SREPERELS LORyHET S aieoBRetirE (B LFHIEE be
heat ed as ne§gssRENy httrBut@rio thh Coresansdaywildstndd RO debfRnaNTHEONR! et e
the cure. Both the so-called cold nolding and hot-nol di ng techni ques for

maki ng nol dB§ Prarion, &t popspiareachidné the dpmainformed yethaetording pplspent i on.
Sl abst ock f ' of 2] g : H%E% q f [
Cbnventionagégg@?f%gﬁﬁggﬂﬁfgﬁggﬂ?%% ma .%%Qéfg?ﬁbﬁggégﬁgr%ggﬁﬁgge ¢he
sui t abl &. Ipblyugethane dntlwatpolyecer sSEhusét jsrprefesedrthat ther duh dias tahigrithealble of

fusion for ,the hi.ghneltin ol yner, or.for the phase ch e in an.,anor phous
ol yrer , i it T REERE RiGho e mr e S i oLty i celatanans
sonmewhat , R@dAkipsBurea pelgmenat i onal fornul ations that do not use the

rei nforcing polynmer. The cured pol yuret hane and/or polyurea is cooled to a
tenperature below the nelting tenperature, in the case of a high-nelting

pol ymer, or bel gWct H8adicl hitib&vs - Fﬁ#pﬁ ; deSiiREl | eved
the reinforcing pgl (;;}%%rmiﬁr}) %(gcty @azttgségéhvl\na? or%)nﬂgé{ﬁlngﬂ%Egg(lgsggéeﬁg\}é%tlggt
separ atlé dandide aliphatic, tehiddoginhadice aitydmléphaid/ aypmpbic yiscganames rnd . mixtutehe
preferred se re the polyner is crystalline, it is believed, .o forma
Crystal i ndapheRiutiishS b ebs SR Brdt HavbpdrReRes bt Biritrdine
and/ or polyurea matrix. Thus, rather than form ng discrete, |ow aspect
ratio particles, the high-nelting polymer is believed to form high surface
area crystal | it &&apppes 8?%“184@?)éF%%Fl%%SB%}Eﬂ%t‘%SH@GBWet% byt etiade -and/ or

pol yurea mafdnids ofidipHeRlIethhRE ARERY RNQUMIIY! MERs {105 /1M SAheRk Gndomai ns
that are preferably co-continuous wth the pol yurethane and/or polyurea

mat r i x 15MVogeonsererisr MBEdendsd telpepolurasd Bdl-¢mmczansses IWPIbomh dthrd” and
"sof t” phenylenediisocyanate, chlorophenylene-2,4-diisocyanate, diphenylene-4,4'-diiso-
cyanate, 4,4'-diisocyanate-3,3'-dimehtyldiphenyl, 3-methyldiphenyl-methane-4,4'-
diisocyanate and diphenyletherdiisocyanate and 2,4,6-triisocyanatotoluene and
2,4,4'-triisocyanatodiphenylether.
20
Mixtures of isocyanates may be used, such as the commercially available
mixtures of 2,4- and 2,6-isomers of toluene djisocyanatéé. A crude polyisocyanate
may also be used in the practice of this invention, such as crude toluene
diisocyanate obtained by the phosgenation of a mixture of toluene diamine or the
25  crude diphenylmethane diisocyanate obtained by the phosgenation of crude
methylene diphenylamine. TDI/MDI blends may also be used. MDI or TDI based
prepolymers can also be used, made either with polyol (bl), or any other polyol as
described heretofore.  Isocyanate-terminated prepolymers are prepared by

reacting an excess of polyisocyanate with polyols, including aminated polyols or

30 imines/enamines thereof, or polyamines.

Examples of aliphatic polyisocyanates include ethylene diisocyanate, 1,6-

hexamethylene diisocyanate, isophorone diisocyanate, cyclohexane 1,4-
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domai ns, which are phase segregated to a greater or |esser degree dependi ng
on the particular reactants and to sone extent processing conditions. In
conventional pol yurethane and/or urea polyners, the "hard" domains are

typi cal | yYWOHSBWered to include mainly the reaction produdCTSO¥AIS4hat er
chai n extender and/or crosslinker (as defined below wth the

pol yi socyanate, whereas the "soft" domain is considered to be primarily the

resi due of t.he high ival ent i ghti socyanat e-reactive component,.

Pr oper t 1 os 4G datrysagiyiEr e e ey et qenlieary ot the
attri but ed abevd RentieidmBirotiatRfisRyveltbs ged errépgidrsoggment . Thus, in this
invention, it is preferred that the domain forned by the reinforcing

pol ymer does not significantly disrupt the ordinary formation of hard
segment s i n t he gl bEsiRRG 3R AAILRLAU B pbiifed plilsGobBl8IdEdnt ha!
the domains attributable to the reinforcing inyner ed] marnly in the
sof t se@nerioluehe-2He pod y2belikenyenated/ or MOILyor eanbihatics. off HEDGMdHNoe

pol yi socyanat es_whi ch be. used in the present invention include
aliphatic,p&?%3%8??6“3@?@?IQ?VPaLmhatic aromatic i socyanates and ni xtures
thereof. Aromatic isocyanates, especialy aromatic pol yi socyanates are
preferred. Exanples of suitable aromatic isocyanates jnclude the 4,4'-,
2,4 and 2,2 - iFopilexidble foaam, e fyeamie palyésogransdyaned thevporyansie fepstivher eof
and pol yner,j .G ; t - - 61 @ i at es
S e A S e R e

di phenyDeneudnber o resocvipdaras of NGO gradipis sheidad diyeha, t3tal ciumeder yof dsoohamte |

3- et hyl di phenyl - net hane- 4, 4' - . di.i SOC at.e.an i phenyl.et h cyanate
and 2. 6. EPES D aRARR P s oS S RRlE BByt BGaY bRimgt & 42f S48
M xt ur es ofpréfeeabipbéativeenMa)andeil@sed, such as the commerci aly avaUabl e

m xtures of 2,4- and 2,6-isoners of toluene cU socyanates. A crude
pol yi socyanate may al so be used in the practice of this invention, such as

crude tol uene dirj SQEYANRLS tRDRENEHtEYedBiGe RIARERN A 1PRGhn et H{ggl- of
tol uene di am ne or the crude di phenyl net hane diisocyanaté obtai ned by the
phosgeﬁét i oreléhe pelygeer, various other additives and reactants may be used, according to

the type of polyurethane and/or polyurea polymer being made.

For example, most polyurethane and/or polyurea polymers are made using
a mixture of isocyanate-reactive components. This mixture will typically include
20  one or more high (>500) equivalent weight polyether or polyester, together with
one or more chain extenders and/or crosslinkers. A chain extender is a material
having an equivalent weight of less than about 250, preferably less than about
125, that has two isocyanate-reactive groups per molecule. A crosslinker has a
similar equivalent weight, and has at least three isocyanate-reactive
25  groups/molecule. For flexible foam applications, water is commonly used to
perform the dual function of blowing agent and chain extender. In addition,
crosslinkers such as monoethanolamine, phenylene diamine, bis(3-chloro-4-
aminophenyl)methane, 2,4-diamino-3,5-diethyl  toluene, isopropanolamine,
diisopropanolamine, = N-(2-hydroxypropyl)ethylenediamine and  N,N'-di(2-

30  hydroxypropyl) ethylenediamine. are commonly used.

Cellular polymers are made using a blowing agent. The blowing agent may

be water (which reacts with isocyanate groups to form carbon dioxide), a low
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met hyl ene di phenyl ami ne. TDI/MDI bl ends may al so be used. MDI or TDI based
prepol yners can al so be used, nmade either with polyol (bl), or any other
pol yol as descri bed heretofore. |socyanate-ternmn nated prepoITymers are
prepar ed YWY HE8EH0i ng an excess of polyisocyanate with pol YSITEUSOLAR4dI ng
am nated polyols or imnes/enam nes thereof, or:polyam nes. Exanpl es of
aUphati c pol yi socyanates include ethylene diisocyanate, -1, 6- hexanet hyl ene

di i socyanate,. i s orone diisocyanate, ,cycl ohexape 1, 4-dii socyanate,

2 44 oy crahine PREBREMER B Oy BRE S, wlEaPafe & ZraituceRere e Biove
ment i oned geoterk] Beptens \aelapdfand) EydlokétiinRsa ghe k@& as Eboh AebxdQdUCiAHoNn of
flexi ble foans, the preferred_paql yisocyanates are the toluene-2,4- and 2, 6-

usocyanat e§OBPOWE SH FoHPARRIYIHDesrodRIEIDN halseeisry mErtockehne such
therefrom JEQhcHibBditRloBodtRAY, viIBdOhOBNbAIP LY nRREYBRALRS A0 the

i socyanate reactive corrpoundévare reacted 1 n such anounts that the
i socyanate index, defined as the nunber or equivalents of NCO groups
di vi dedSby the toth¢ pradvibeen of fléxglde palyatrethava fiamse wayelris geefeatedras a

equi val ent |t i d 100, .ranges from 50.to 120 and ef | y bet ween
72 and 110.501({%%38%‘ orﬁ}ét%lg?‘hng |§%§(§/ralr81§)tr %-eFagD %He/}éerﬁﬁ?‘é?f@f’?ﬁ%g?ﬁ{gocyanate
and hi ghrreIgamg)ypméigheﬁnorv@réfmbﬁfrbmrz aﬂ?bhiw@;ﬁ v&iilgiltrlﬁ:@ié‘d ame(t)) papsbe gsed,
accordin 0 the t of . pol yure ne r pal yurea pol ymer bei ng nade.
For exarrgl é’,y “ﬁedgtit %(%ﬁ?ﬁ?]@m +a()‘?3) oﬂag&vﬁfz é&%ﬁéf SHbY %reaaiéo H%?d]e?%si ng a

m xture of yismayanah@: TeRGIdaY ehEOIHRANARE FovelltN (e Thath YrSn Whiibn byPi caly

include one or nore high (>500) equivalent weight polyether or” polyester,
t oget hdP wireartimgevish isperanadh iifveasescihdoveradiryotieror of$be ifoaveing masscivai n

ext ender i t I UiV, i_gh f .l.ess than agbqut 250,
pr ef er abl y%fl%s@%tﬁ%}lﬁe%g %hi%g%&%tl ﬁlatﬂehfgél%{}% M%M?%gl@%}aﬁlaethégﬁ%aﬁaﬁt\%%69?585 ps per
nol ecul e. AheexsbémkeHehashighst whtearcontginmivng f@miulatiog htll neddmbasraadilyeast

Lhr ee 1 socypnate:feactl v arounsl b ecul . ot f! G £, Qam.agpUeat i ons.
hydrochlorofluorocarbon, or the hydrofluorocarbon is used as a blowing agent, the
15  amount is generally not more than 40 parts by weight of component (b) and
preferably not more than 30 parts by weight of component (b). Water and a
combination of hydrocarbon, hydrochlorofluorocarbon, or the hydrofluorocarbon

may also be used a blowing agent.

20 A catalyst will generally be used. Representative catalysts include: (a)
tertiary amines such as trimethylamine, triethylamine, N-methylmorpholine, N-
ethylmorpholine, N,N-dimethylbenzylamine, N,N-dimethylethanolamine,
N,N,N',N'-tetramethyl-1,4-butanediamine, N,N-dimethylpiperazine, 1,4-diazobi-
cyclo-2,2,2-octane, bis(dimethylaminoethyl)ether and triethylenediamine; (b)

25  tertiary phosphines such as trialkylphosphines and dialkylbenzylphosphines; (c)
chelates of various metals such as those which can be obtained from
acetylacetone, benzoylacetone, trifluoroacetyl acetone, ethyl acetoacetate and the
like with metals such as Be, Mg, Zn, Cd, Pd, Ti, Zr, Sn, As, Bi, Cr, Mo, Mn, Fe, Co
and Ni; (d) acidic metal salts of strong acids such as ferric chloride, stannic

30  chloride, stannous chloride, antimony trichloride, bismuth nitrate and bismuth
chloride; (e) strong bases such as alkali and alkaline earth metal hydroxides,
alkoxides and phenoxides; (f) alcoholates and phenolates of various metals such as
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performthe dual function of blow ng agent and chain extender. In addition,
crosshnkers such as nonoet hanol am ne, phenyl ene di am ne, bis(3-chloro-4-
am nophen dmet hane, 2, 4-di am no- 3, 5-di ethyl toluene, isopropanol am ne,
dnsopr opa HFBe, N-(2 hydr oxypr opyl ) et hyl enedi ani ne and RETRYSO4i13637

hydr oxypropyl ) ethyl enedi am ne.- are comonly used. CeUul ar polyners are
made using a bl owi ng agent. The bl owi ng agent may be water (V\/ni ch reacts

with isocy t go to f arbndi i de Iovvb|I| ydr ocar bon
such as an?ﬂgjffsf’h " %*w&@ﬁt%( 8relﬂg§aﬁe%]kﬁgﬁfa?¥é’ ﬂgﬁ reaﬁéﬁ?ene,
cycl opent apgodueysclod hméalaﬁ;ohalag@s vate hea@boxG/dic baaddi %H@con@d’\ 2370 oc@yyIound
such as azohexahydrobenzodinitrile or a halogenated hydr ocar bon such as

di chl or odi ﬁl@@rlé@llrrfé%]@hqm rig) selénef ergami¢ deidarvdthmat Wh@ﬂ@fmt@]f sdeh abn the
roducti on f I t S red.a | owi n
P aﬁgah Al?éﬁ%) a?ke{?l e el%rﬁl Hl Per a‘%f%%i %@1 do N u 1nchbdslgg,tt% 9

agent. The anoun rangé o rom 0 10
parts by wexahple, Manpraeétatabdtynﬁamrmétoa@ Btopaidus dlyater et od‘:tﬁﬁﬁdaﬁtﬂ] 100

parts by wei t he p i ds or S are
al so used %gg]ﬁlS\/drPﬁjsa“t% a&‘g gs&l%‘é{f ?&?&Y n?ﬁgﬁ\ﬁé}ﬁ@r ?ﬁb\‘?‘éganioﬁleﬂb Cf oam
fornul ati oaeﬂvatli@@cotfltwamm {i8 %%%Mteaﬂdnﬁéﬂtﬁﬂélgﬁ AH ESIVYRI BY £M0LBen M of
the foam ng nmass and that the highest the water I evel in the foam

f or mul at i orarbppgls ef e Andsabalhend 43 maxturpethexerther m Hence hi gher water
containing fornmulation will nelt nore readily the high-nelting polyner or
anor phous pol ynmer (b2). When a hydrocarbon, hydrochl orofl uorocarbon, or the
hydr of L@ior ocar b@atdlgsts e tﬁp;lc@llybhsmi ngsmgﬁrmnoaﬂte, bmmmhples egéenesitalist not

more 1, S9,BRTAD.B0 YLl oSAPPORE B A0, SLIBL Y foL. Rt (e

hydr ocar boaeacbmﬂrmmx@r(emémr 810 JF BRE co@bohdifs el @J Wik QBartean). Myniabso be
used a blow ng agent. A catalyst will genera be used. Representative

catal ysts FH& mr-etenééy keeier 4 pragunidgwatd thealishey erd pfthendfprementioned
triethyl ani {k?g Q%é{gﬁf&rb%gﬂ?sts '%@I?JWJ B Iaqh'qlﬁgnmtles of 1% or lower.
benzyla h

N, N- di rret hy m ne et hano am ne,

In addition, other useful additives such as surfactants, chain extending
agents, fillers such as calcium carbonate, pigments such as titanium dioxide, iron
oxide, chromium oxide, azo/diazo dyes, phthalocyanines, dioxazines and carbon

black and additional polyols can be used if desired.

20
Suitable processes for making molded and slabstock flexible polyurethane
foams are described, for example, in Dow Polyurethanes—Flexible Foams, 2d
edition, Herrington, R. et al., ed., 1997, as well as the references described
therein.
25

Flexible polyurethane foams made in accordance with the invention tend to
have excellent load-bearing properties at an equivalent density, which are
obtained without significant loss of most other desirable physical properties,
notably tensile strength, tear strength, elongation and humid aged compression

30 set. In particular, this invention provides a method for making a high resiliency

foam having the following combination of properties:

Core density of 30-50 kg/m3, as measured according to ASTM 3574-95;

-18-



N, NN ,N -tetranet hyl -1, 4- but anedi am ne, N, N-di net hyl pi perazi ne,

1, 4-di azobi cycl o- 2, 2, 2-octane, bis(dinethyl am noet hyl) et her and

triethyl enediam ne; (b) tertiary phosphines such as trial kyl phosphi nes and
di al kyl beWBAIF8B¢phi nes; (c) chel ates of various metal s s@y&ﬁ%%mﬁ?ﬁd%e whi ch
can be obtained from acetyl acetone, benzoyl acetone, trifl uoroacetyl-
acetone, ethyl acetoacetate and the like with nmetals such as Be, My, Zn,
Cd, Pd, Ti, Zr, \ i, C, M,,.M, Fe, Co and Ni: (d)_acidic netal
salts of strong lg%?odé‘séqoﬂ?ﬁo’é‘?“fsé}oﬁ forcerelerden. meagvwmed acerdingde Pesgadinous
chloride, apiin@Og-d6rired:Qrésied i RIRIEH coletdebiy @memea%_tl%/ﬁhbpgfe%r ()
strong bases such as al kaU and al kaUne earth netal hydroxi des, alkoxi des
and phenoxit®es:0.¥%) al cohol ates and phenol ates of various netals such

asTi (OR) , Sn( . . i s al kyl ar vi. n )
reaction pr odug%séboﬁ&?%ogj g‘}ch)é‘ﬁ%foa e%c‘%vm&t ed!é%}’ %?%&%%ﬁcagdfh%%ﬁéggﬁ%s and
2- (N, Nal5ky | ¥nambgxpaésset dh Newta)s wabtesdafsitgrig&gim? dcitdsasbiabbuter. vari ety of
metal such as alkaU.netal s, al kaUne earth tals, A, Sn, Pb, M1, Co, N
and Cu i ncl udi néﬁenﬂ}? drength of %0 At fi’@e%‘gge?n‘itemt}gno‘?ft glateast s{Whnous
ol eate, | eadefflr@Rh&oANH: RENBITM g5LHHrs such as manganese and cobal t
napht henate; (h) organonetaUi c derivatives of tetravalent tin, trivalent

and pentaval ent Teer sgnaidofBit leard 1nbNAD, snmisesuted agfordingrioARIMdb8674-and
(1) mxtureg.thgreof. Catalysts are typically used in smaU anounts, for
exanpl e, each catal yst being enployed from about 0.0015 to about 5% by

wei ght 10f t he pdiSYuhemidnage ceoapebsdon setxdf less thamaod %;andal | of the conponents

used to nmake the, f i ] ne talysts tend to be used in. anounf t rd
t he hi gher end ﬁlr&ﬁ’? %ﬁéﬁm&ﬁ'@%flﬁﬂéé é"ﬁw@‘éﬁm Beagye %B{,ngc‘é’t%%%df ga tend
to be used ggT4a@santities of 1% or lower. In addition, other useful

additives such as surfactants, chain extending agents, fillers such as
cal cium carbonate, pignments such as titani um di oxide, iron oxide, chrom um

oxi de, azo/ di azomgdygR po@mﬂa%ﬁ%yagmhag%lyggggﬁﬁ%wﬂg%anm%v@gwa nd

addi tional polyols can be used i sire e processes r maki ng
mol ded 18nd wiebHsisolok exdrariebtranppririaticst vedude seating, such as in automobiles, two-

wheeled vehicles (motorized or not), watercraft, snowmobiles, all-terrain vehicles,
aircraft and the like, as well as for furniture cushions and mattresses or other

bedding applications.

20 The process of the invention is suitable for reaction injection molding
applications in which the main isocyanate-reactive material is an ethylene oxide-
capped poly(propylene oxide) polyol or an amine-terminated polyether, the chain
extender is an aromatic diamine such as diethyltoluene diamine and the
polyisocyanate is MDI or a polymeric MDI.

25

Similarly, the invention is applicable to making polyurethane films, coating

and adhesives.

The following examples are given to illustrate the invention and should not
30  be interpreted as limiting in anyway. Unless stated otherwise, all parts and

percentages are given by weight.

A description of the raw materials used in the examples is as follows.
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foans are described, for exanple, in Dow Pol yurethanes-Fl exi bl e Foans, 2d
edition, Herrington, R et al., ed., 1997, as weU as the references
described therein. Flexible polyurethane foans nade in accordance with the
i nvent i onMOZHF8¥ have exceUent | oad-bearing properties atPE@URYITAI ent
density, which are obtained without significant |oss of nost other
desirabl e physical properties, notably tensUe strength, tear strength,

el ongati on apd, hund conpressjon . set. | n particular, this invention
provi des a “HetHe :%Tg‘ﬁ%g?ng athi 61}'0?%%‘??9?81#&}%%6%%&Hg%Yﬁ@lq%édef oUowi ng

conbi nati on of properties: Cor i f w30 .
accordi ng t 0ASTM 3574- 95 Rat i oS 50(%%%%‘?%@5?3% o‘?%%e %i%ﬁ?fﬁ%%q
measur ed according to Peugeot EhetTrad208medEH{FIgp fiwssEte DowkPagmical cor e
density expressed in kg/nB8 of eat er g[iplan 0.15; Ratig of 40%;’ ndent ati on
force deflection, measured accoPOIMigYt d°F S5 3E3 Y TRFvLpmEsedsed i n

Newt onssto core density in kg/ aBe@ke ahuiveRat weltdyls dbolit 17@8shli€hst rengt h of
at | east 150 kPa and el ongation of at_|east 90% neasured according to ASTM
3574-95; Tear strength of at | daagtiopakitynsbetweendbardiped according to ASTM D
3574- 95; and 75% hum d age conpression set of less than 30 % and Air flow
of at least 1.0 cubic foot/ m nute, neasured according to ASTM D 3574-95.

Fl exi bl e pABRGEIEHNGTADor pad 3 dPBLAN hesedapalydiengolyol Wi amaremtgeon are
useful as, for exanple, transportati on vehic seatjng, such._as in

aut orobUes, twowheel ed vehi cl eg‘y%lm:‘)‘?’ PR ‘EF@JrZ%r?G’F;?LVg{"%?ﬁﬁ’ﬁ ow

snowmohipl es, aU-terrain vehi cl Qﬁlenﬁée{l@'@{ﬁangnd the like, as weU as for
furniture cushions and nmattresses or other beddi ng appUcati ons. The process
of the invention is suitable for reaction injection nolding

NIAX A-300 is a proprietary delayed action amine catalyst
available from CK-Witco-OSI Specialties.

V.

15 NIAX A-400 is a proprietary delayed action amine catalyst
available form CK-Witco-OSI Specialties.

DABCO™ 33 LV is a triethylene diamine catalyst available as a 33
percent solution in dipropylene glycol available from
20 Air Products and Chemicals Inc. under the tradmark
DABCO.
DEOA is diethanolamine.
25 TEGOSTAB B8708 ' is a silicone based surfactant obtained from T.
Goldschmidt Ag.
VORANATE™ T-80 is an 80/20 blend of 2,4/2,6 isomers of Toluene
diisocyanate available from The Dow Chemical
30 Company under the Tradename VORANATE.
PPDL2 is a polypentadecalactone polyester based polymer

prepared from pentadecalactone and a diol initiator,
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appUcations in which the main isocyanate-reactive material is an ethyl ene
oxi decapped pol y(propyl ene oxi de) polyol or an am ne-term nated pol yether,
the chain extender is an aronmatic di am ne such as diethyltol uene di am ne
and the pYiQAI&8BPanate is MD or a polymeric MDI. SinUarl PCHERIM#ENt i on
is appUcabl e to making pol yurethane filnms, coating and adhesives. The
foUow ng exanples are given to ulustrate the invention and shoul d not be

interpreted as Umting in_anyway. Unless.stated of herw se, rts and
percent ages are given by \Rﬁ‘?é‘?ﬁ’gra}&mﬂ‘égé"allgt?i‘sdfffsﬁ"‘lt)‘fq%erlegw]ﬁﬁﬁégi FS used in
the exanples is as foUows TaPEGHeEX0L1, aNG/B3EK) o 09578 afees Eedigeyab) Lo
initiated propyl ene oxi de pol ymer capped wi th ethyl ene oxi de avalUabl e under

the Tradename SPECFLEX f r ¢A9°Fnef DBRDCé&rolydd/ MO iopentlyof TTHfamd e 2QEKfdr oxy|
nunber is 32, average equival ent weight is about 1726 and the functionalty
is between 4 and 5. SPECFP (tm) NC 700 is a 40% SAN based copol yner pol yol
w th angaverage hydroxyl nunber of 20 avail able from The Dow Chem cal

Conpany. N AXA-300 is a proprietary delayed action_am ne catal yst avail abl e
from CK- W £ONALPLEFES0al i @polypitaxpalyderyailgbls forme hlegussrHuelelagddsact i on
am ne catal yst avail able fr, = iy I cial:ties. t 3 LVis
a triethylene diam ne cat gﬁ@%\?\%ggf%%sm%% Igoéltrléc%ﬁatbogo utTr 8?%1‘2“

di propyl ene gl ycol avaUabbgobeandAl daldiladdgtednipoditEaenne®l & 4 nc. under the

tradmark DABCO. DEOA is diethanol am ne.

DYNACOLL/polyol TDI blend of 1.13 and at 300°K of 2.79.

10

FOMREZ 66-56 is polyester polyol of same chemical composition as Dynacoll
. 7380 but with a shorter chain (OH number 56). The material

has a melting point of about 64°C, a Te/Twm of 0.61 and a
calculated y composite at 400°K of a FOMREZ/polyol/ TDI

15 blend of 0.60 and at 300 deg K of 1.47. FOMREZ 66-56 is

available from Crompton-Witco.
General experimental conditions were as follows.

20  Preparation of PPDL2. Pentadecalactone, PDL (100 g) and 1,6-hexane diol (6.0 g)

in a 10:1 molar ratio are added to a vessel and heated to 150°C under a nitrogen
atmosphere with mixing. Tin(II)-2-ethyl hexanoate (0.5 g), a catalyst, is added
and the temperature of the reaction is raised to 190°C. The progress of the
polymerization is monitored by observing the disappearance of the PDL. When
25  the polymerization is complete, the resulting hot polymer melt is poured into 700
mL of anhydrous toluene. The resulting solution is cooled to allow the polymer to
precipitate. The resulting precipitate is isolated by filtration, washed with hexane
and dried in a vacuum oven at room temperature to constant weight. The
resulting polyester diol is isolated as a white crystalline solid having a Ty of =50°C
30 and Tm 89°C. A number average molecular weight of 2,770 was obtained as

measured by MALDI-TOF mass spectroscopy.
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TEGOSTAB B8708 is a siUcone based surfactant obtained fromT. Gol dschm dt
Ag. VORANATE(tm) T-80 is an 80/20 blend of 2,4/2,6 isoners of Tol uene
dusocyanat e avaUabl e from The Dow Chem cal Conpany under the Tradenane
VORANATE. WORIH88036s a pol ypent adecal act one pol yest er based BSVYIASYY epar ed
from pent adecal actone and a diol initiator,the preparation of which is
descri bed herein. PDDL2 has a Tmof- about 92C, a T /Tm (K) of 0.573 and a
cal cul ated nd.of 1.46 and at 300K of
3.27. DYNA : T pobyester~pot yor a Pe—#3+9f Degussa Huel s and
has an OH nunber of 29, a nelting point 'of about 67C, a T /Tmof 0.62 and a
cal cul ated c conposite at 400K of a DYNACOLL/polyol TDI blend of 1.13 and at
300K of 2. 79 addthgrete the coppenenbylisied in theyppykins gkamples thrdasiedrareonposi ti on
as DynacoU 1 i h i has a
mel ting poifﬁlt:}&gfa Bgltll)gé\%& %ﬁ%m gﬁilﬁslec[? ng%]ﬁ%#%quggwgﬁég%@%%%dﬁlc&?%&n%gg te at
400K of 5a FEEEZ b polypdl aifd/ortdodyed biemd0. 60 and at 300 deg K of 1.47. FOVREZ
66-56 i s avaUable from Cronpton-Wtco. General experinental conditions were
as foUows. Preparation of PPDL2 . Pentadecal actone, PDL (100 g) and

1, 6- hexane Rbrphildton0Ag) in a 10:1 nolar ratio are added to a vessel and
heated to 150C under a nitrogen atnosphere with mxing. Tin(ll)-2-ethyl
hexanoat e (V@"?“P'?rg), a catal yst, 3% added and the tenperature of the reaction
is raised typggdR0C. The progresg pf the polymerization is nonitored by
observing the di sappearance of the PDL. Wen the polynerization is

conpl eile, WX 4500t i ng hot polOyddelcomeins 30% paterdd i nto 700

NIAX A-400 0.1 (contains 30% water)
DABCO 33 LV 0.3

TEGOSTAB B 8708 0.80

DABCO DC 5164 0.20

15
Bench and Machine Molded and Free Rise Foams

For examples 1-4 and 5 containing the high melting polymer, the product was
added to the NC 632 polyol, water, catalyst, silicone premix as a fine powder, then
20  dispersed under stirring at 3,000 RPM for 30 s, before adding the isocyanate,
stirring for another 5 s and pouring the reactants in a cardboard box in case of
free rise foam, or in a 30 x 30 x 10 mm aluminum mold heated at 60°C which was

subsequently closed, in case of molding.

25  Test Procedures

Density is measured according to ISO 845-95 and is expressed in
kg/m3.
30  Airflow is measured by test method ASTM D3574-95 and reported in

cubic feet/min (cfm).

IFD is indention force deflection as measured by ISO 2439-97 and
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mL of anhydrous toluene. The resulting solution is cooled to aUow the
polymer to precipitate. The resulting precipitate is isolated by
filtration, washed with hexane and dried in a vacuum oven at room

t enper at uM® HUF8¥nst ant wei ght. The resul ting pol yester diFSITVVYINEY at ed as
a white crystaUi ne soUd having a T of -50C and Tm 89C. A nunber average

nol ecul ar wei ght of 2,770 was obtained as neasured by MALDI - TOF mass
spectroscopy. General Foam For at i,on, HR and.Free R se Foans In
addition to the corrponenfssrePngfr%%Hf}ﬁ@’?"ﬁ;loé1 %\‘b%‘?ﬁgm&%ﬁﬁ%@- the basic foam
formul ati on used for HR foans contai ned the foUowi ng conponents, in percent
by wei ght of the polyol and/or polyol blend. Formulation A Water_ 3.7 DECA
1.0 NIAX AE39 0. 25 (contsoryretsdgigeresrdelieetion as measired by dsneentdy4309%

wat er) DABCO 33 LV 0.3 TEGRSIARBAING SBR LHRE DCiBI B4 Ai2thRensh and
Machi ne Mol ded and Free Rise Foans For exanples 1-4 and 5 contalning the

hi gh nebting pol ynmer, thé,;pPddecd 6ddsdefthdtidns.o t he NC 632 pol yol, water,
catal yst, sU cone prem x as a fine powder, then dispersed under stirring at
3,000 RPM for 30 s, before adding the isocyanate, stirring for another 5 s

and pouring8 he react ant & diy cdmpassdhdeded ab dreakiredasPaigebt BeLsI1096-830am or
ina 30 x 30 x 10 mm al um num o] d heated at. 60C whi ch was subsequently

closed, in case of nol di Hyt MedRed P06 Edlaes ipsprortas aseyedur ed accor di ng
to I SO 845-95 and is expressed in kg/nB.

10 75%CS is dry compression set as measured according to ISO 1856-80.

Elongation is measured by Peugeot D-41.1050.85 test method and is

reported in percent.

15  Tensile strength is measured by Peugeot D-41.1050.85 test method and is

reported in kilo pascals.

Tear strength is measured by Peugeot D-41.1048-81 test method and is

reported in Newton/meter.

20
Resiliency is measured by ASTM 3574-95 test method and is reported in
percent.
HACS is a humid aging compression set test as measured by ASTM
25 D3574-95 (75 % CD) and is reported as percent.

Examples 1 to 4

Bench scale tests were done to determine the effect of replacing part of a high
30 functional polyol in a flexible foam formulation with PPDL2. The foam
formulation A was used and the properties of the resulting molded and free rise

foam are given in Tables 1, 2 and 3 respectively.
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Airflow is neasured by test nethod ASTM D3574-95 and reported in cubic
feet/mn (cfm. IFDis indention force deflection as neasured by | SO
2439-97 andis reported in Newton at 40 % oam defl ection. CED i s conpression
force def WEK1{88%6as neasured by Peugeot D-41- 1003-86 testPGRYNYASEAd is
reported as kUo pascals under 25 % 50 %nd 65 %leflections. CSis dry
conpressi on set as neasured by Peugeot D-45. 1046-83 test nethod (70 %D)
and is reported as percent. %CS Isﬂﬁgé 3onpressi on set as neasured
according to |1 SO 1856-80. El ongatlon edsur ed by Peugeot D-41. 1050. 85

test net hodNgmTUAL BENGEISCY E BTPETCON MOTEMELANSD I RISE Fopagur ed by
Peugeot D-41. 1050.85 test nethod and is reported i n kUo pascal s. Tear

strength is neas U DA 10488, testgethodrgnd—$ report ed
i n Newt on/ neter. u%g%g?%ﬁgy Ieé%}fﬁedbw 435 by A z’dvu 357495 tvg(j met hod and is
reported in percegt-odACSTS o) tromd T Y CPRPTeSSLen_Ser, estjas measured
by ASTM D3574- 95 B o rsTepoffedas ttFl centy Ex 1 to 4 Bench
scal e tests wer erdone to detiermne—the c..cp repr ou,. RN part{of a high
functional polyo —a ncm be—foam r-at J"‘. v 2—The foam
formul ation A vvaa?nggxed allu uai%?pu opet iﬂ'é of }tibé‘;’ F égﬁs“ “;ﬁ%%ded and free
rise foam are givgn_ - tabl 2—afttk 3—+€s gotive y—TAB E +—HNI TI AL BENCH
SCALE STUDY ON l\/[gj. HRD FREE R SE FOAM Mol B5fi 11 |Pime i 5%the §ime when
the foamstarts Heg through—thernotd—vent—hotes——The—tenpgrat ure at
mold fill is the Xf)errpera ure jsecorded|in thel gore o¢f,, 49

(Part weight) 333 332 340 338 336

Molded density | 37 37 37.8 37.6 37.3

Temperature at

mold fill (C) 70 68 69 67 73

Time to reach

90 deg C (s) 80 87 87 87 88

Demold 133 130 129 123 122

Temperature

©

FREE RISE

FOAM

Cream Time (s) | 10-11 9 10 10 10

Gel time (s) 65 65 63 68 80

Rise time (s) 85 105 104 100 91

5 Mold fill time is the time when the foam starts extruding through the mold

vent holes. The temperature at mold fill is the temperature recorded in the core of
the foam with a very thin thermocouple at the time when the mold is filled. Time
to reach 90°C is the time at which the thermocouple indicates that the foam core
temperature has reached the temperature of 90°C which is the melting point of

10 PPDL-2. Hence one can see that PPDL-2 has melted before the end of foam rise
and after the mold has been filled. Demold temperature, recorded just before the

mold lid is opened, shows that core temperature is much higher than the melting

point of PPDL-2.

15 Free rise foam reactivity data show that substituting solid PPDL-2 for
liquid NC-632 does not change dramatically the reaction profile. Only curing

tends to slow down, not surprisingly, as shown by the longer demold times at high
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the foamw th a very thin thernocouple at the tine when the nold is fi Ued.
Tinme to reach 90C s the tine at which the thernocouple indicates that the
foam core tenperature has reached the tenperature of 90C which is the

mel ting pBiOA/88936PPDL- 2. Hence one can see that PPDL-2 hadGRYY&dSHef or e
the end of foamrise and after the nold has been filled. Denold
tenperature, recorded just before the nold Ud is opened, shows that core
t enper at ur e, ch higher than the nelting point of PPDL-2. Free rise foam
reactivity%’fﬁ%@éﬂ%‘%ﬂ PP8yupstituting sohd PPDL-2 for Uguid NC- 632 does
not change dramaticalUy the reaction profile. Only curing tends to sl ow
down, not surprisingly, as shown by tjhgyi@pger denold tinmes at hi ghPPDL-2
concentrations. TABLE 2 PROPERTI ES OF MOLDED FOAMS PRODUCED ACCORDI NG TO

THE FORMUL I ARG Dﬁﬂﬁ ey E%ﬁqu%cﬁﬁm addi tion
of the ggD% \é@%%s ﬁé%%@g g@g@%gr%\(ﬁelgg 0 € 1oa %rsﬁ%rrg ured by CFD
and I FD. It e%g C % erve this increase in hardness as diol
(PPDL2) is replacing—the-high functional polyol (NC 632). The substitution
of part of the|RPEh funct]B%dt polybl with t[fe PPDLP3al so néédd nof decrease
the airflow t hi-odgRh he f n—TABLE 3 -PROPERTI ES OF FREE RI SE _EQAM PREPARED
ACCORDI NG TO THEI PeBERULATI #ds o TWHE 1 As io}): 3 3 d foam
an unexpect ed YR ROy nl 3hE har dpdkt of t NS%ham wd%4abt il AB8 ubon

substitution of 2PBED ¢orl 3 the high flhetionht9nal yol 54Exanpl e 5
Bench scal e te$f3%HD doha? i ect 3P repl ading part of a
hi gh functional SpRYR inl &4flexibl®7foam faorthul atiph2dith I U 7380.
The foam Atrflow 3.4 3.2 3.1 3.7 3.5

The results in Table 2 show that the addition of the PPDL2 polymer increases the
10 hardness of the foam as measured by CFD and IFD. It was unexpected to observe
this increase in hardness as diol (PPDL2) is replacing the high functional polyol
(NC 632). The substitution of part of the high functional polyol with the PPDL2

also need not decrease the airflow through the foam.

15 TABLE 3

PROPERTIES OF FREE RISE FOAM PREPARED ACCORDING TO THE
FORMULATIONS OF TABLE 1

Foam Ref A 1 2 3 4
Number

Core Density | 28.3 28.7 29.3 29.4 31.8
50 % CFD 3.4 4.0 4.5 4.8 6.3
Airflow 4.4 4.3 4.3 4.5 4.4

20
As observed for the molded foam, an unexpected increase in the hardness of the
foam was obtained upon substitution of PPDL2 for part of the high functional
polyol.

25 Example 5

Bench scale tests were done to determine the effect of replacing part of a high
functional polyol in a flexible foam formulation with Dynacoll 7380. The foam

formulations and the properties of the resulting foam are given in Table 4.
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formul ations and the properties of the resulting foamare given in Table

4. TABLE 4 | NI TI AL BENCH SCALE STUDY ON MOLDED FOAM *Refs B&C are not part
of the present invention. The results in Table 4 show that Fonrez 66-56,

whi ch hasW® UB0¥act or at 300K bel ow 1.6, does not give arRFTHAV&ARYS

i ncrease whUe Dynacol |l 7380, which has a chi factor of 2.79 at 300K, shows
hi gher foam | oad-bearing. O her enbodi nents of the invention wJ be
apparent to those skilled in the artquﬁg%ﬁ consi derati on of this
specification or practice of the inve di scl osed herein. is intended

he. 106 scope and Lﬁ?ﬂ@ﬁﬁﬂﬁ §%ﬁﬁﬁﬁ$ﬁ$ﬁ§?@ﬁﬁ5§§?§§kﬁ§yt e Yol l'ow ng

clainms. WHATIS CLAIMED | S A pal yuret ha and/or polyurea foam nade in
the reaction of: ( FOleumhgtt anel Ref@ni ¢ pBe{CSacydat e: and| (b) an
i socyanat e-reactiv N anent t hat 84 ncl udes 72i) at ll€@st one

i socyanate-reacti vpNEE0Brial that|{26 Uguid|80 25C h#9 an avelage of at

| east 2 isocyanat e} Perastil §380gr oupsO per nol €6ul e and |gh equi val ent wei ght of
500 to 8,000, and [Ehmwe66-66st onkl hi gh- nell8i ng pol Mrfer _that has a nelting
poi nt of from aboup_45 to about 200C_a T ATmof leds than 0.[/5 and a

cal cul ated i nteraclpImax paranet er wi 109 ot hefl pWlOyur etlham@ conppnents c at
300K of nore than [Démelddingt(m4®0K| of | ess fhan 2.0. |2. Aproceks conpri sing
(1) formng a reaction mxture by| nm4xing (&) & polyilsocyanate| and (b) a

i socyanat e-react i ve(Reoimpogleht t hat B3icl udes (328 at |lea’% one
i socyanat e-react i ve40BtIEDI®] t hatl] i £36qui d|at235 279
Core density (kg/m?3) | 34.7 34.0 36.4
50% CFD 5.0 5.3 6.2
Airflow (CFM) 4.6 4.5 4.6
75% HACS 16.8 19.7 19.9
5 *Ref's B&C are not part of the present invention.

The results in Table 4 show that Fomrez 66-56, which has a chi factor at
300°K below 1.6, does not give any hardness increase while Dynacoll 7380, which
has a chi factor of 2.79 at 300°K, shows higher foam load-bearing.

10

Other embodiments of the invention will be apparent to those skilled in the
art from a consideration of this specification or practice of the invention disclosed
herein. It is intended that the specification and examples be considered as
exemplary only, with the true scope and spirit of the invention being indicated by

15  the following claims.
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25C, has an average of at |east 2 isocyanate-reactive groups per nol ecul e
and an equival ent weight of 500 to 8,000, and (ii) at |east one

hi gh-nmel ting pol3ymar that has a nelting point of fromabout 40 to about
200C, a TWOH{88¢36] ess than 0.75 and a cal cul ated ¢ at 300RGTUHHI¥4 han 1.6
and a calculated c at 400K of less than 2.0. (11) bringing the reaction

m xture to a tenperature above the nelting tenperature of conponent (b)

ii) for aid Keient-to melt conmponent (b)(U), (I11) curing the
gea)cti on m@rﬂgﬁ‘eﬁj@{‘éﬁgﬁﬁc "a pol yur et hane and/ or pol yurea, and (IV) cooUng
t he pol yuret hane and/or polyurea to below the nelting tenperature of
component (b)(U).3. A dispersion of a continuous phase of at |east one
i socyanat e-F eact/ DelyHeathapeand/oppolywreadenry madeig the pepstign ofiver age of at
| east 2 isocyana(%)eétr%ggttgn\éeorggrﬁggay&%g JRteculie and an equival ent wei ght of

a pha n%) ’

500 to 8,000, an I sperse e conprising particles of at |east one
hi gh- nebt i ng pol(yen idohpdnahaseamtive cérmpopenoitidt intlufleom about 70 t o about

200C, T/T of | ~th 0,75 d | | at ed at, 300K of re n 1.6
and a 2a| cul a? ed ?39 4’%3?@85fonFgg%fy?ﬂ%%'r%gﬁ?veﬂlag@rbﬁl@’ﬂ?éﬁf ﬁﬁﬁgp%a}%‘%ﬁ
pol yurea pol yner madgsidh hNEagL8C RAsi03 isobfnAb-ré KL g@gﬁpsg]%&%b%ﬁtélgs ()

pol yi socyanate; and (b) an isocyanate-reactive conponent th i nc
at | east one i socyarsdeary enivalort weighy ¢f00tth£000sahd qui d at 25C, has an

average of at |east 2 i rgactive qroups per .nol ecule and. an
equi val ent wei ght of(“%ogpf%gg%g@}ﬁ‘aﬁnﬁhﬁﬁ ?0 XFPeFe“ﬁgﬁ hafdr Brsdtine 681"Gn%€r
having18 Tg of greatfesmtdtant adfotid oAo@ 200°@ 4 TJITofofl less thier. 95 Zmd 2. A

rocess conprisin
P P g calculated interaction parameter with other polyurethane

components y at 300°K of more than 1.6 and at 400°K of less than

2.0.
15 2 A process comprising
) forming a reaction mixture by mixing

(a) a polyisocyanate and
(b) a isocyanate-reactive component that includes
(i) at least one isocyanate-reactive material that is liquid at
20 25°C, has an average of at least 2 isocyanate-reactive
groups per moiecule and an equivalent weight of 500 to
8,000, and
(i) at least one high-melting polymer that has a melting
point of from about 40 to about 200°C, a T¢/Tm of less
25 than 0.75 and a calculated y at 300°K of more than 1.6
and a calculated y at 400°K of less than 2.0.
(I) * bringing the reaction mixture to a temperature above the melting
temperature of component (b) (i) for a time sufficient to melt component
(b)@),
30 (II) curing the reaction mixture to produce a polyurethane and/or polyurea, and
(IV)  cooling the polyurethane and/or polyurea to below the melting temperature
of component (b)(i).



(I') forming a reaction mxture by mxing (a) a polyisocyanate and (b) a

i socyanate-reactive conponent that includes (i) at |east one

i socyanate-reactive nmaterial that is Uquid at 25C, an average of at |east 2
i socyanat WO U&8930ve groups per nol ecul e and an equi val ent R/ 17500 to
8,000, and (U) at |east one anorphous polynmer having a T of greater than
about 45C and up to about 200C and a Tg/ Tm of greater than 0.65, (I11)
bringing the reactiion mxture to.a te rature gboye the T of conponent (b)
G100 o me s PPt R ReREE Lt b TR tionrorgb Papfaghave
transiti on nigtesial thtes Yigiidhe 2500 ecamvarigs A raadeealy idcgnenseshdivet he
reaction mxture, (Il1]) curing the reaction mxture to produce a

pol yur et haggousdpesr mplscyler aad aargfivivalgnicweighy of FOO0ple §.0P6t hathe disdguse

pol yurea t 3 . .

Pol yur oa patyaiitiiiind ot aIMae iy bhd biphe el AR AT RE: I20B0E o1 o
an i socyangbmirod ot yepuveiOapiadbut 2&1°Cj 8 Tui of lads tASE,0. Tiasnda calealaageyof at
| east 2 isocC anﬁée-reac ive groups per nolecul e and an_equival ent wei ght of
500 to 8, 0G830% Ognﬁﬁﬂti‘i@dc(g%‘éﬁéagﬁﬁt%iéét 4ONES ofisristhagdi-Qot r opi ¢ phase
of at |east one anorphous polyner having a T of greater than about 45C up
to about 200C and a T /T of greater than 0.65, or reaction product thereof
whi ch an ordgani & pdjwyiesiomecaral/@:. polyurda golypet shale inftha reationroious phase of
at | east one isocyar@t e-reactive material that is . Uquid at 25C has an
average of at |east @ H/5eSrAMgo8eRGRYVHABEH & er ol ecul e and an

equi vahent wei ght of(b588 i§RyHhdt@Peactid comPbSIR LB MR CONpPri si ng
particles of at |east one anorphous polyner having a T of greater than
about 45C up to abol) Fobeshaue dsoryimpie-seachive anateriahdhapishquid at 25°C,

has an average of at least 2 isocyanate-reactive groups per
molecule and an equivalent weight of 500 to 8,000, and

(i) at least amorphous polymer having a Ty of greater than about

15 45°C and a Te/Tw of less than 0.75.
5. A process comprising
@ forming a reaction mixture by mixing

(a) a polyisocyanate and
20 (b) a isocyanate-reactive component that includes
(i) at least one isocyanate-reactive material that is liquid at 25°C, an
average of at least 2 isocyanate-reactive groups per molecule and
an equivalent weight of 500 to 8,000, and
(il) at least one amorphous polymer having a T; of greater than about
25 - 45°C and up to about 200°C and a Tg/Tm of greater than 0.65,
(II)  bringing the reaction mixture to a temperature above the Ty of component
(b) (i) for a time sufficient for component (b)) to undergo a phase
transition to a rubbery state and become anisotropically dispersed in the
reaction mixture,
30 - (III) curing the reaction mixture to produce a polyurethane and/or polyurea, and

(IV)  cooling the polyurethane and/or polyurea to below the Ty of component
(b)(ii).
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6. A polyurethane and/or polyurea polymer having a having a phase
comprising the reaction product of an isocyanate-reactive material that is liquid at
25°C, has an average of at least 2 isocyanate-reactive groups per molecule and an
equivalent weight of 500 to 8,000, and a polyisocyanate and a co-continuous,
anisotropic phase of at least one amorphous polymer having a Tg of greater than
about 45°C up to about 200°C and a T¢/Tn of greater than 0.65, or reaction product

thereof which an organic polyisocyanate.

7. A dispersion of a continuous phase of at least one isocyanate-reactive
material that is liquid at 25°C, has an average of at least 2 isocyanate-reactive
groups per molecule and an equivalent weight of 500 to 8,000, and a disperse
phase comprising particles of at least one amorphous polymer having a Tg of

greater than about 45°C up to about 200°C and a Ty/Tum of greater than 0.65.
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