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POLYOL COVBI NATI ON The present invention concerns a pol yol conbination for
t he preparation of energy absorbing foam of |ow density, the foamitself
and shaped articles conprising the foam 5 Ener gy absorbing PU
foam (sonetWae#16s6d | ed vi scoel astic foanm)is a type of fl ewdrrEPITasiesuUr et hane
foamwhich is characterised by a sl ow recovery fromdeformati on and a high
vi bration danpi ng. Such properties permt a w despread use for the foam
type in 10 medi cal , packagi ng, autonotive and sporting goods products.
H gh resilience, water-blown energy absorbing PU foams are described inter
alia, in US. Patent Specifications Nos. 4 190 712, 4 116 893, 4 282 330
and 15 4 212 954. In these proposals a variety of polyol mxtures are
suggested which often require specjific cross-linking agents to maintain a
useful , predoninantly open cel | ed POufRY¥ SRABIRTIIONG ve greater flexibility
to a foan); the proposed foans have 20 densities in excess of 80

kg/ nferr]. In comergjehky tk j I f.0 u . the trade
nare TEWPLR 15 ‘spggeste g R B osimey ACRBRLS M A3k At
find use in matt ETEPELEREBRSOL PRI fdSCERingnEPay ofdpy for 25

vi scoel astic foatmndfidty,shble tfisem issslftad ishaPBdAa2R90268 ddmpgra s3@qt 0 120
kg/nferr]. In thgPregedi ngs of the 35th Annual Pol yurethane
Techni cal [/ Mar keti ng Conference, 1994, pages 661 to 664 in an article
entitled ®Vi scoel astiPergVaBBEBERITD N Finfdhrisemgrimegocalled Properti es and
Applications, a wiesedelamtict fobhpde &atRpSAEET ERlextibom ARGRIGEH2l Conmpany

i's reviewed whi gh, s A5 @R2E 8L 0L Ao SPEG %lyl LY SROLYIEL, é)zl:gyoér‘on;[ ol uene
deformation and a high vibration damping. Such
properties permit a widespread use for the foam type in

10 medical, packaging, automotive and sporting goods
products.

High resilience, water-blown energy absorbing PU
foams are described inter alia, in U.S. Patent
Specifications Nos. 4 190 712, 4 116 893, 4 282 330 and

15 4 212 954. In these proposals a variety of polyol
mixtures are suggested which often require specific
cross-linking agents to maintain a useful,
predominantly open celled foam (open cells give greater
flexibility to a foam); the proposed foams have

20 densities in excess of 80 kg/m3.

In commercial use, the viscoelastic foam sold under
the trade name TEMPUR is suggested in British Patent
Specification No. 2290256 A to find use in mattresses
and cushions; the preferred density range for

25 viscoelastic foams for such uses is stated in
GB-A-2290256 to be 50 to 120 kg/m3. 1In the Proceedings
of the 35th Annual Polyurethane Technical/Marketing
Conference, 1994, pages 661 to 664 in an article
entitled "Viscoelastic Slabstock Foam Fundamentals,

30 *  Properties and Applications, a new foam with trade name
SOFTCEL from ARCO Chemical Company is reviewed which is
prepared from.a speciality polymer polyol, toluene



-2 - dii'socyanate and conventional. foam nodi fier and sl abstock
internmediates with an additional reinforcing polyner polyol if variation in
hardness is required; the prepared foam densities range from2 pcf to above
4 pcf (around 32 to 64 kg/nferr] or higher). Low density energy absorbing
foans, foanwoisnésey | ess than 50 kg/nferr], are 5 comer cirdigpoavsreact i ve,
retaining good hardness and hysteresis in a low resilience energy absorbing
foamwhil st requiring less raw material than hi gher
present invention provides a polyol conbination for{th
ener gy absorbing foam which conprises, to a4 total o
(a) from 30 toy.70Q y hi of a |y, havi,ng, a_nol ecu i ght
in the 10 di lswa%%t% o)ﬁgf Fom 25 il 6%66‘ mgd%gh%’f.%'}f& ity in the
range of from 2. %laehft@césngnéepmeﬁmyemmtdan @odiibhonal meinfasting0%

optionally with @MWOl%b&b!LY déﬁi@lff&{j 1tm?1'éQHHesbn1§0chﬂﬁczt ddf3n or
association wt l-geb

0 to ar i f a rigid polyol
havi ng a nol eculhcar \%EWEQ %f’ﬁ@ ?3?1@12 s 5801[“081%% ES @& i onal ity
in the rafge of 4 mywf Xa¥oupd63R 16 64 kg/m or highdra. hydroxyl value in the
range of from 200 t0.cG0Qentith &herdy WeiyliRg! fa?mgl YPlark0 HGY on

conprising, to total él r ans & cerine initiated

pol yoxypr opyl en egﬁi/é:(g’lanhé hg/’én' a‘?/%"r ééﬂl ¥raheF Mt W¥r 450 and 15
grans of the rea@t’qmllmgodapd birdhgserdme hysdepespy| bmea ddwle end capped
with ethylene (”9é¥3ﬁi@gcgaghggo?naﬁ@g¥ﬁgﬂﬁ %%Eﬁcuh?is efl 1fH

4700, is1 xcl uded. Using . the nation o ventlon P is
possi bl e'?o obt fi3Y EREET2dbE ?‘Blliﬁ’gg}f%r?ser’ﬁ&\‘iﬁ’n§°am€len5| ty of less than 50
kg/nferr]. For the Pheppsesefttievereisenpromidssi anpel gileaidrisinaeliyal a) is

used. whi ch pol yelr ks bacfiBeh: £5 54 NbrBAG bLGSLBIM LEIRNNS A N of

m)lecular weight in thera rom 2 Ctionality
(Fn) in the ranFE BFiSESm t2"55‘t‘EJO*BaJancbf 300 PREES BYWBIGRt.content of at

| east 40% Pref anedrpnl $0l soal@ gdrrse Hyaweight NoAdsligd1rplamaetifyl ene oxi de
content iy the ranggo9loLigr geicho % Bhethihl: of" AlaK 306 foBs8, L0 30%

by wei ght and nore ( .
PCT/ EP97/ 05766 - 3- Pr EPBFEBPYaLELY oioddtenyFanerghf. fr9% Iraks toednanrdund
primary hydroxyl content of at least 40%,

optionally with a polymer stably dispersed therein;
in conjunction or association with

20 (b} from 70 to 30 parts by weight of a rigid polyol

having a molecular weight in the range of from 300
to 1000, a functionality in the range of from 2.5
to 6.0 and a hydroxyl value in the range of from
200 to 600.

25 Using the polyol combination of the invention it is
possible to obtain energy absorbing foams having a
density of less than 50 kg/m3.

For the purpose of the present invention a specific
polycl a) is used, which polyol has to meet certain

30 specific requirements: a high molecular weight in the
range of from 2,500 to 6,500, a functionality (Fn) in
the range of from 2.5 to 6 and a primary hydroxyl
content of at least 40%.

Preferred polyols are those having in addition an

35 ethylene oxide content in the range of from 5 to 50% by
weight, preferably from 10 to 30% by weight and more
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particul arly advantageous to use polyols having a nol ecular weight in the
range of from4,000 to 6,000, and a prinmary hydroxy content in the range of
from50 5 to 100% nore preferably from70 to 95% Very suitable

pol yol s, which are commercially avail able, are CARADOL MC 36- 03, CARADOL MC
27- 03 and GirégAade’SA 36-01 (CARADOL is a trade mark). CGoogcrapsidsteshave
been achi eved when a pol yner 10 pol yol having the polyol a) as a base
pol yol, has been utilised. In general, a polyner polyol is a dispersion of
a solid polyner in a liquid polyol. Such systens are well known in the art
and are nornmally prepared by polynerising bne or nore ethylenically

unsaturated 15 nmon rscin t resence of a free radical catalyst.
Exanpl es of sucl‘?rﬁgﬁﬁgggpg‘? vl %&Et é(nﬁ'eéﬁgtrret hbdes feahérrnpr epar ati on
are discl osed i parktdrudgahyl ajvanagseas Rat eae [SpeyoXd datviimgs aNos.

0,076, 491; 0, 3430384uaad Qeﬂéﬁh5§411@9&&H5@aoﬁffﬂﬁhMyﬁﬁkh%%eszﬁoo

pol yners are al so known,to be useful as di sper sed pol yre golyner
pol yol s i nst ead 28f FhBrb’B?flﬁet?%d’{fﬁ%}’ed:%ﬁeéfhWe %a‘fﬂg%r‘ﬁatfﬁff’ﬁté
nononers.5 The pabyd@0%di spee sexkievddly fase POl yol 953AY Vierypsuneaple be any

such polynmer kngun, Bstewﬁf$§ é?%ﬂé%ﬂﬂé cEQ%gy2§va%¥$q¥&’p%§% cARRHS

sui tabl e pol ymers Lncl Ude t ners bas Hically unsa%urated
nmonomers and palfi d8rst GARRP 20103 ape 5?%%@@#(§Hnﬁﬁr@éaﬂﬁéﬁéno¥lke
styrene, al pha-ist hykradigresek) ret hyl styrene and vari ous other

al kyl - substituted S&?égnﬁésuf!sﬁﬂﬁéﬁbeég acgleéggaﬂxéx%f pe 'S

preferred. The vin aromat 1 ¢ nononer 1 one or |n Fconbi nat i on
with othi et hyP@M’EéI Pyving e eﬁ%ld’%ﬁénéﬁsa Bagh nesl vadny heRi Peene,
met hacrylonitri heilvsagli demegaridrani,de, peayhedsperyyl alses andpeesjogat ed

o, ke T 3peoR ons BB RE 14 DGHEETEoy BT PSR el
are well known in the art and are normally prepared by
polymerising one or more ethylenically unsaturated

15 monomers in the presence of a free radical catalyst.
Examples of such polymer polyol systems and methods for
their preparation are disclosed in, for example,
European Patent Specifications Nos. 0,076,491;
0,343,807 and 0,495,551. Polyurea or polyurethane

20 polymers are also known to be useful as the dispersed
polymer in polymer polyols instead of the polymers
based on ethylenically unsaturated monomers. The
polymer dispersed in the base polyol, may in principle
be any such polymer known to be applicable for this

25 purpose. Thus, suitable polymers include the polymers
based on ethylenically unsaturated monomers and
particularly polymers of vinyl aromatic hydrocarbons,
like styrene, alpha-methyl styrene, methyl styrene and
various other alkyl-substituted styrenes. Of these,

30 the use of styrene is preferred. The vinyl aromatic
monomer may be used alone or in combination with other
ethylenically unsaturated monomers, such as
acrylonitrile, methacrylonitrile, vinylidene chloride,
various acrylates and conjugated dienes like 1,3-

35 butadiene and isoprene. Preferred polymers, however,
are polystyrene and styrene-acrylonitrile (SAN)
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copol yners. Anot her suitable class of pol yners are the pol yurea and

pol yur et hane pol yners. Particularly the condensation products of primary
am nes or pol yhydric al cohol am nes and aronmatic diisocyanates are very 5
useful in twoosmespect. A very nuch preferred pol yner is pdmEPADSIeNsati on
product of triethanolam ne and tol uene diisocyanate (TDI). The di spersed
polymer is suitably present in an anmount of from5 to 40% by wei ght based
on total weight of polyner polyol. Were 10 t he polyner is polystyrene
or a SAN polymer, preferred solids anounts4are in the range of from 10 to

5% by wei ght, whil In the.ca of poI ea .pol yureth olymers the
pref erred am)untc%ﬁc’%ﬁ' Sver fn‘QO?SSFn BUtY %A)G&)ﬁs\ﬁel"ﬁhf"’%@ep re the
Exanpl es of sonmer@kynnsaciagd podyurebhame gmlwmspol ?alrtntorrpamsiy itgres whi ch

may be suitably mémta%npgwehcegnp@rﬁﬂmm) nEgeoPO CA3 n}&f lation
according to the P%%ng l.nventi gn are descr.i bed i'n_ I nter naf i onal pat ent
speci fi cati on Nd&° PPEE8E. aBg aromatde, ghjisocyapatesi ﬁE‘F u%l%ri{ he

pol yur et hAne polysdfICARADOL sSPESpeGt andh DESIMHEN pobPerasd wdlymedrhe
pol ystyrene pol yol %r@%%nwg§oglpm&A‘MLW§9flg anAEARY and

DESMOPHEN ar e trac{%“ lé& gol yol used mponent (b) is a
rigid 25 1ParY¥erekey (TRW £ udds gﬁépfeﬁeﬁnﬂo%ﬂl‘%lﬂsar
wei ght. The pol ymiitiabliyeguesedtt bn haw earournd extultabmwei gt 409 Bhe range of

from 300 to looq,,el%rhq:fg ggbyomg ggl 7,,9%1%}& olfﬂ%%llﬁmg éngi’g y the,range of

from25§06 prefierab rom val ue 1 t he 30
range of 1Prom 20d'& (P°é(¥6‘erTF1é PPLYSEYERRRION @ FANt P@byl!‘%tbl yPIRﬁD%rmdopyl ene
oxi de without arsoleidsylenenoxi deecDmtiid .range of from 10 to 35% by

weight, whilst in the case of polyurea polyurethane
polymers the preferred amount of polymer is from 5 to
20% by weight.

15 Examples of some commercially available polymer
polyol compositions which may be suitably applied as
polyol component (a} of the polyol formulation
according to the present invention, are described in
International patent specification No. WO 95/09886.

20 Examples, then, include the polyurethane polyols
CARADOL SP50-01 and DESMOPHEN 7652, and also the
polystyrene polyols CARADOL MD25-01 and CARADOL MD30-01
{CARADOL and DESMOPHEN are trade marks).

The polyol used as polyol component (b) is a rigid

25 polyol of a relatively low functionality and molecular
weight. The polyol is required to have a molecular
weight in the range of from 300 to 1000, preferably 500
to 700, a functionality in the range of from 2.5 to 6,
preferably from 2.5 to 3.5, and a hydroxyl value in the

30 range of from 200 to 600.

The rigid polyol is most suitably 100% propylene
oxide without any ethylene oxide content.

Commercially available rigid polyols which may be
used as component (b) include CARADQL GB 250-01.

35 The two polycl components (a) and (b) may be used
in conjunction one with the other or combined as a



Commercially available rigid polyols which may be used as conponent (b)

I ncl ude CARADOL (B 250-01. 35 The two pol yol conponents (a) and
(b) may be used in conjunction one with the other or conbined as a WO
98/ 16567 PCT/ EP97/ 05766 -5- pol yol

blend in theossagsrati on of energy absorbing foam Additi orci/EBs785766 owi ng
agent may be combined in such a polyol blend. Wilst any conventional

bl owi ng agent nmay be used, water has become the predonmi nant 5 bl owi ng
agent for energy absorbing foams. It is preferable to have in the range of
froml to 4 parts by weight of water per 100-parts by wei ght of conbined

. : : f
Phe’oam ai so al PaL¥oTLPURRd 6 e hyeprrebiPerics Bt SRsPERERS! oam
density. In addi ficem.t oAddiit puiaiinr agb!lxb_wlingté@%rﬁti Gy {Hg' g@?biﬁslgl Sll\sg'; ie(r'-,\é
Lsef Ul 1n the predun Fonoay R el ety e ernd ERRARRSraT ot ng
i nstance, the poP98PtiBR¥Patiit cHFterabast Pereme y-heoppedominanbani ng
catal yst &@nd/or blowdssg-ageki rfg:mmltrgyfsgbkbfﬁiaﬂ@;fdd:dr@esf E{tl giswe}‘ : ane
Conven; ent iy, thEBoLyer ool o FHF PERISOSE LroRdEs, doBarEay
refers to the anﬁﬁﬁﬂhgnof)a‘r’qt'se%f%ilgﬁt PpEEs 109 yrirahs If weimghbedf pol yol
a) plus rigid poppdiobs: (aﬁ)c)altr_ﬂi Ob)t.0 QeiﬁhpaD%eﬁa@erVer:gglégﬁﬁgt@%gL)éSt; and
((:g% a?yts?s?)é(r)epﬂgg%tl&r‘]g{ ﬁ%?eardté}l?ﬁg%i %gl gh% ﬁ%‘m/ 5 é‘rléﬁlrs(:o.nﬁbﬁhqg An
ext ensi vel¥ i st oVapBF yerrkenfife Reamdity 8t sover faam idesisdnge, given in U. S.
In addition to the polymer polyol, the rigid
polyol, and water, the polyol formulation may contain
additional components and auxiliaries useful in the
production of flexible polyurethane foams. For
15 instance, the polyol formulation could additionally
comprise a foaming catalyst and/or a cross-linking
agent. Auxiliaries like fillers, flame retardants,
foam stabilisers, and colourants may be present as
well. Conveniently, the polyol formulation further
20 comprises ("php" refers to the amount in parts by
weight per 100 parts by weight of polyol a) plus rigid
polyol b):
(c) 0.0l to 2 php of a polyurethane catalyst; and
(d) 0 to 3.0 php of a cross-linking agent.
25 Polyurethane catalysts are known in the art and
include many different compounds. An extensive list of
polyurethane catalysts is, for instance, given in U.S.
Patent Specification No. 5,011,908. For the purpose of
the present invention, however, it has been found
30 particularly advantageous to use both an amine catalyst
and a tin catalyst. Tin catalysts include tin salts
and dialkyl tin salts of carboxylic acids, such as
stannous octoate, stannous oleate, dibutyltin
dilaureate, dibutyltin acetate and dibutyltin
35 diacetate. Of these stannous octoate and dibutyltin

dilaureate are most frequently applied. The tin



Pat ent Specification No. 5,011,908. For the purpose of the present

I nvention, however, it has been found 30 particul arly advant ageous to
use both an amne catalyst and a tin catalyst. Tin catalysts include tin
salts and dialkyl tin salts of carboxylic acids, such as stannous oct oat e,
stannous ol watos/16s87 butyl tin dilaureate, dibutyltin acetat eecuncodniyed yl ti n
35 di acetate. O these stannous octoate and dibutyltin dilaureate are
nost frequently applied. The tin WO 98/ 16567

PCT/ EP97/ 05766 cat al yst nost preferably applied for the purpose of the
present invention is stannous octoate, as-tthis catal yst has been found to
result in a flexible foam having excell ent Er,operti es, particularly in
terms of 5 FRSALYRhCBRPShPIFHRGaRy Y aPRILEY £9%0 oo PLKROFRNOE Ak ke vst
one or nore tertpaeyeat everdtiary siss staynabsoobeoatpyl iasd thSgchatelystary
am ne catal ysts L del IAGl ude | . .
bis(2,2"-dinmet hyﬁ?gair%%g g?ﬁqef%rs,ﬂ?r Fﬂe?hf'/?%ﬁ%‘%t Ef%%lﬁ‘epﬁyllgﬁn ne, 10
tri et hyl enedi ani REC&hYCTF REIRATS RS oPAFEAE LA ANt é€58F @dmercial |y
avail abl e s erti argsabiesceadmd yRirnsiane t hasedaot tonundertneheihr ade nanes

NI AX, TEGOAM N a ( r h t J.S L YRIC used
in an anmount of ?rgté%f\gggi c?rLé Zér(r)?%ﬁrﬁn% lr%%lgfge%m%@ aé‘%%llygtigl %gko%in%és( of
catal yst are froRf0o2pBlied 1. Fysp tertdagyeamine reaalyishs ageayédelyin the
production Ef pohyuaeamnméml f if$>r1]:‘\/\&|n|stkﬁ6é\4’l-bf@‘w,fzurﬁitfih@ﬂﬁbl@ ?/co: |
am nes are known u Qr thi, rpose. The .p unctional glyco
am ne which is n%é?ngge&?ﬁ ":Ttrhee_aqrderﬁrllxﬁllegg azlnén%ﬁre\i lae%o_ ARHES7 of t en
abbrevi at¥d as Deobethylerediaming |land; démgtbykethanalagpingent Exkampp®$i ed in
anounts up to 3. 8£pbemmé O i AR RIVG i16eTe0tdrt Dady anfiite cHewRYEEs afeis a
special feature QLQEQesold under the trade names NIAX, TEGOAMIN and

DABCO ({all trade marks). The catalyst is typically
used in an amount of from 0.01 to 2.0 php. Preferred
15 total amounts of catalyst are from 0.05 to 1.0 php.

The use of cross-linking agents in the production
of polyurethane foams is well known. Polyfunctional
glycol amines are known to be useful for this purpose.
The polyfunctional glycol amine which is most

20 frequently used is diethanolamine, often abbreviated as
DEOA. 1If used at all, the cross-linking agent is
applied in amounts up to 3.0 php, for example from 0.2
to 1.5 php. However, it is a special feature of the
present invention that no separate cross linking agent

25 need be used to ensure good foam formation.

In additicon, other well known auxiliaries, such as
flame retardants, foam stabilisers (surfactants) and
fillers may also be used. Organosilicone surfactants
are most conventionally applied as foam stabilisers in

30 polyurethane production. A large variety of such
organosilicone surfactants is commercially available.
Usually, such foam stabiliser is used in an amount of
up to 5% by weight based on the reaction mixture of
polyol reactant and polyisocyanate reactant.

35 The polyol formulation according to the present
invention is very useful for preparing energy absorbing



present invention that no separate cross |inking agent 25 need be used
to ensure good foamformation. In addition, other well known auxiliaries,
such as flame retardants, foam stabilisers (surfactants) and fillers may

al so be used. Organosilicone surfactants are nost conventionally applied as
f oam st abi wosssrisse7rn 30 pol yur et hane production. A | BEGEPS7AFT66t y of
such organosilicone surfactants is commercially available. Usually, such
foam stabiliser is used in an anmount of up to 5% by wei ght based on the
reaction m xture of polyol reactant and polylsocyanate reactant. 35

The polyol formulation according to the preSent invention is very useful

for preparing eB$59Xr€@§§ﬁ | N ms, . MEE9§/39§6% ([Prepare such flexible . .

PCT/ EP97/ 05766 hane T oamns n or repare SucC
f oam t he pol yol fPéWnﬁhatPqus fosanled iant ks arRESA G@Wﬁ\n&te wher eby t he
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ydroxyl 5 rou e 0 rom 70 to,120. Very
good results have" egfs'lg% a’faﬁte %e (g sS/oo f’gtdr‘?ﬁlng'l on and the
pol yi socylnat e grosneh thmt‘salmatmt ﬁéeu secgan@i effamde® ite LAOthe range of

from?75 to éIS gé@ y good redeRy difa%I bete)hth@%%&Dl tby PeRRILiag 8hs0 provides
an energy absor bi ur ane foam obt ai na Qami n conposi tion
conprising a poP?E? £ %%f?éﬁ%gﬁ?() n%h gsr83gﬁis??xéﬁﬁ %8 °k

pol yi socyanat e emnpohsnthawwmh&equgﬂawakefmndgkais(mn|ﬁheugedgehaf 15

only contains t@@oﬂobyokoajlﬁnd the rigid polyol b), then catalyst,
optional  cross-linkin ent ,and, jif desired or deened

ent, Dbl
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energy absorbing polyurethane foam obtainable by
foaming a composition comprising a polyol combination
of the present invention and a polyisocyanate
. compeonent. Where a polyol formulation is used that
15 only contains the polyol a) and the rigid polyol b},
then catalyst, optional cross-linking agent, blowing
agent and, if desired or deemed necessary, foam
stabilisers and other auxiliaries, should be added
-separately to the polyocl formulation, the
20 polyisocyanate or the reaction mixture containing both.
Hence, the composition from which the foam is
eventually produced, suitably contains the following
components:
{a) 30 to 70 pbw of a polyol a} as defined above
25 {b} 70 to 30 pbw, up to a total of 100 pbw, of a rigid
polyol b) as defined above
(c) 0.01 to 1.0 php of a tin catalyst, preferably
stannous octoate
{(d} 0 to 1.0 php of a tertiary amine catalyst
30 (e} 1 to 4 php of water as the blowing agent
{f) up to 5% by weight of the total composition of an
organosilicone foam stabiliser,
(g) optionally other auxiliaries, and
{(h) a polyisocyanate component in such amount that the
35 isocyanate index is in the range of from 70 to 120.



separately to the polyol formulation, the 20 pol yi socyanate or the
reaction m xture containing both. Hence, the conposition fromwhich the
foamis eventually produced, suitably contains the follow ng conponents:

(a) 30 to 70 pbw of a polyol a) as defined above 25 (b) 70 to 30 pbw,
up to a tot a#oe164€?0 pbw, of a rigid polyol b) as defined romere7(0s%660. 01 toO
1.0 php of a tin catalyst, preferably stannous octoate (d) 0 to 1.0 php of
a tertiary am ne catal yst 30 (e) 1 to 4 php of water as the bl ow ng
agent (f) up to 5% by weight of the total conposition of an organosilicone
foam stabiliser, (g) optionally other auxil§ aries, and (h) a polyisocyanate
conponent in such _anmpunt that the 35 yan te index is in the
range of from 70I6tfot 50° COMRRI YRy esEPonents ' 121Yand" (o) 'may e
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ol yi soc at es, then 15 i ncl | Socyandt e
2 6yTDI Yﬁp tra- and higher isocyanates known in thg/art to

suitably applied in the production of flexible

polyurethane foams. Mixtures of two or more of such
aliphatic and/or aromatic polyisocyanates may also be
applied. Examples of suitably polyisocyanates, then,

15 include 2,4-toluene diisocyanate (2,4-TDI), 2,6-TDI,
mixtures of 2,4-TDI and 2,6-TDI, 1,5-naphthene
diisocyanate, 2,4-methoxyphenyl diisocyanate, 4,4'-
diphenylmethane diisocyanate (MDI), 4,4'-biphenylene
diisocyanate, 3,3'-dimethyl-4,4'-biphenylene

20 diisocyanate, 3,3'-dimethyl-4,4'-biphenylene
diisocyanate and 3,3'-dimethyl-4,4'~diphenylmethane
diisocyanate, 4,4',4"-triphenylmethane triisocyanate,
2,4,6-toluene triisocyanate, 4,4'-~dimethyl-2,2',5,5'~
diphenylmethane tetraisocyanate, polymethylene-

25 polyphenylene polyisocyanate and mixtures of two or
more of these. Polymeric MDI, a mixture of
polyisocyanates with MDI as the main component, may
also be used. For the purpose of the present invention
it has been found particularly advantageous to use 2,4-

30 TDI, 2,6-TDI or a mixture thereof as the polyisocyanate
component. Very good results have been attained with a
mixture of 2,4-TDI and 2,6-TDI in a weight ratio 2,4-
TDI:2,6-TDI of about 80:20 or 65:35. These mixtures
are commercially available as CARADATE 80 and CARADATE

35 65 respectively (CARADATE is a trade mark).



m xtures of 2,4-TDI and 2,6-TDl, 1,5-naphthene diisocyanate,

2, 4- met hoxyphenyl diisocyanate, 4,4'- diphenyl methane diisocyanate (M),
4, 4' - bi phenyl ene diisocyanate, 3,3'-dinethyl-4,4"-biphenyl ene 20
diisocyanate, 3,3'-dinethyl-4,4'-biphenylene diisocyanate and

3, 3' - di net hplo-9nésezdi phenyl met hane dii socyanate, 4,4',4"-tpdpiengsneet hane
triisocyanate, 2,4,6-toluene triisocyanate, 4,4'-dinethyl-2,2",5,5"-

di phenyl net hane tetrai socyanate, polynethylene- 25 pol yphenyl ene

pol yi socyanate and m xtures of two or nore of these. Polyneric MD, a

m xture of polyisocyanates wth M as thé *ai n conponent, may al so be

used. For the purposg,g9fe ﬁé@bﬁéﬁﬁgﬂﬁn] |on%E#hhas bee '%%ggﬁ?Q?ure

particularly advantageous
t hereof as the péP?F§o€§Eﬂ§%%ld%ﬁ$dﬁbﬁ@ttV€ﬁyego@ddrqnﬁhnquMQve been

attained with a npAtdieudarPy 4£dPusi2hbthP belr &l Pt ratio 2, 4-

TDI : 2, 6-TDI of 65; 35. .These nlx ures are connerC|aIIy

avai | abl e asOCARg%g#Eggbggegf nggand or %o?%% t3RPLF NEEARADATE i s
a trade na?k). WOLDgraeepysses, cushioning and related items, the

PCTI EP97/ 05766 - SncEle apsogyimpseidhi BcvaaBLol ileepr %&fec%tr ihAvggtion finds

especial use in gg% resses and cu nlng ggartl [ arl use with the

bedri dden or hospriartsedyttpad ﬁw &ndc ?ﬂo% qyaﬂﬂﬂq SRcéhatsit
In mattresses, c@§h?énthg simbe edfattde bodys ant hprenisdgyy ialpgewbing f oam

provi des a usefuhoﬂﬁb?ﬁ'@& &E%dﬁlﬂﬁ%%%%?%fsQﬁéeéoﬁ5¥ggstJHafﬂﬁhi8089f body

and provi des inproved confort
Bsaéliﬁrfﬂﬁtlb %ﬁkeﬁgg£gnﬁﬂgggﬂ%%‘%%§&2§SBPtiﬁep°f tﬁ?u?@ﬁggﬁFovxﬁ%Sopen
cel |l ed nature of nehes$auyn yerovilddsiongcessdatie viehyh | latd teresasdmehgs hi gh
hysteresis nmeansthat after use, the foam article will gradually
(slowly) revert to its original shape.

In packaging, such compression properties are

15 useful to protect contents during transport.
Furthermore, the proportions of the two polyol
components can be adjusted such that the foam becomes
less resilient and thus more useful for such an end-
use.

20 In orthopaedic appliances the compression and shape
recovery are particularly useful for muscle exercise
equipment.

Other uses of the foam of the invention include
protective clothing for motorcyclists, helmets, and

25 sound absorbing items such as ear plugs.

The present invention therefore includes shaped
articles comprising the energy absorbing foam of the
invention, for example cushions for invalid chairs, and
mattresses formed of a composite foam having, as a

30 surface layer, the energy absorbing foam of the
invention.

The invention will now be illustrated by the
following Examples.

Examples 1 to 8

35 In the following Examples



that after use, the foamarticle will gradually (slowy) revert to its
ori gi nal shape. In packagi ng, such conpression properties are 15

useful to protect contents during transport. Furthernore, the proportions
of the two polyol components can be adjusted such that the foam becones

| ess resili ewsosmeskst hus nore useful for such an end- use. POI/EP97/05766 | n
ort hopaedi ¢ appliances the conpression and shape recovery are particularly
useful for muscle exercise equi pment. Qther uses of the foam of the

i nvention include protective clothing for notorcyclists, helnets, and 25
sound absorbing itens such as ear plugs. Th¥ present invention therefore

incl udes shaped apbi g ps, GO L308LNE, LOET Qo ABSRRLNG0LOBY 95

i nvention, for exanpfé cushi on alrs, qd nat esse% or ned
of a conposite foam havi ngolastarspe 5011%%ﬁ$h@ebP&?ePOlYﬁe kaveing a
absorbi ng foam of the i nVQfﬁilleQﬂlafhﬁei@N‘erBﬂ orvod,! la pewmbeyi hydawdyat ed by

EQ:HLFLLOWAnachg?EEEZ? E@%ﬁ% t90§ d a hydroxyh vaTSefgklfgﬂQg

PCT/ EP97/ 05766 - 10 - Pol &H/8 peolyopol §nEungisiopellicynedi Ai and 180% by wei ght
pol ystyrene solids in a base ggbgogxbaﬁlégh@éﬁgmﬁfqbgr?yehghéh@f 4700, a
KGHg pol yol . 5 fBRLYS DS 6P 3meA PRAYel IAard FoRPad T cBRL R HheME306 by
wei ght; Polyol Bis a polynéwspwryoh aohidsrmnu}hb735mebyaaelgw&yol as
polyol A;
10 Polyol C is a rigid polyol having a molecular weight of
675, a hydroxyl value of 250 mg KOH/g polyol,
and a functionality of 3, and contains 100%
propylene oxide;
Isocyanate D is CARADATE 65, a 65/35 weight % mixture
15 of 2,4 and 2,6 toluene diisocyanate;
Isocyanate E is CARADATE 80, an 80/20 weight % mixture
of 2,4 and 2,6 toluene diisocyanate.
(CARADATE is a trade mark)
Foams were prepared by conventional procedures from
20 Polyol A or B plus Polyol C by reaction with Isocyanate
D or E using water as a blowing agent, and with
conventional catalysts Niax B2 (a mixture of 2 tertiary
amines) and tin catalyst Dabco T2 (stannous octoate)
from Air Products, and a conventional organosilicone
25 foam stabiliser, Tegostab B 4900, available from Thomas
Goldschmidt. (Niax, Dabco and Tegostab are trade
names) .
Variation in polyol ratios, isocyanate index,
isocyanate type, and water content were investigated.
30 All combinations were found to give energy absorbing
foam of low density ({(less than 50 kg/m3), with good
hardness and hysteresis properties.
Full details are given in Table 1 below.



pol ystyrene solids in the sane base pol yol as polyol A; 10 Polyol Cis
a rigid polyol having a nol ecul ar wei ght of 675, a hydroxyl value of 250 ng
KOH g polyol, and a functionality of 3, and contains 100% propyl ene oxi de;

| socyanate D i s CARADATE 65, a 65/35 weight % m xture 15 of
2,4 and 2, vooinsesste dii socyanate; |socyanate E i s CARADATECEEPIAET0/ 20
wei ght % m xture of 2,4 and 2,6 toluene diisocyanate. (CARADATE is a trade
mar k) Foans were prepared by conventional procedures from 20 Pol yol A
or B plus Polyol C by reaction with I socyapate D or E using water as a
bl ow ng agent, and with conventional catal ysts Niax B2 (a m xture of 2
tertiary amnes) and tin catal yst Dabco qQjeStiannous octoate) fromAir
Products, and aJconventionat Jorganosititone 25 foam stabi i ser,.
Tegostab B 4900 campbhapt e frjom Thomas Gol dschramble (W.ax, Dabco and
Tegostab are trade nanes). varratrpn rnfpolygl ratj os, ]socyanate [Index
| socyanate type| and water contkent|wrefi Bvedtidgatiedd 3D 6 Al | 8
conbi nati ons wef E%ufld to gi V‘ﬁo enprgy ghsorhing floam of _I owjdensijty (I ess

i W t ard

than 50 kg/ nfer : good ness &nd hylsterelsis pfoperties. |Full
details are gi vedPPH) Table 1 {hel ow \D 98/|16567
PCT/ EP97/ 05766 {pdiyo1lTabl e 1j Conpprent |- 60 50 40 60Exgma e No.
1 2 3 4 5 6 7 8 Rolyol| A 50 10 65
: e ol
Polyol C 50 30 35 40 50 60 40 40
(pbw)
Isocyanate D | 95 105 |85 115 |75 85 - -
(Isocyanate
Index)
Isocyanate E | - - - - - - 85 85
{Isocyanate
(Index)
Water (pbw) 1.8 |1.8 |1.8 (1.8 [1.8 |1.8 |2.8 |3.8
Niax B2 0.25(0.2510.25(0.2510.25[0.25(0.20(0.20
{(pbw)
Dabco T9 0.16(0.16|0.30]0.06[0.20}10.12(0.08]0.08
(pbw)
Tegostab 0.8010.80|0.80(0.80}0.80}0.80}0.80]0.80

B4900 (pbw)

Foam Properties

Density* 47 47 49 47 45 45 35 25
(kg/m3)

Hardness** 3.6 4.4 2.1 4.7 1.3 1.6 |2.6 |2.5
{kPa)

Hysteresis** | 47 40 31 54 34 35 57 62
(%)

* measured in accordance with ASTM 3574-77
** measured in accordance with DIN 53577



Pol yol B - - - 60 50 40 60 60 (pbw) Polyol C
50 30 35 40 50 60 40 40 (pbw) I|socyanate D 95 105
85 115 75 85 - - (Isocyanate Index) |Isocyanate E -

- - - - - 85 85 (lsocyanate (Index) \Water bw)

1.8 1.8 wooges67,. 8 1.8 1.8 2.8 3.8 Niax B2 PCT/EP§7/052660 25

0.25 0.25 0.25 0.25 0.20 0.20 (pbw) Dabco T9 0.16 0.16 0.30 0.06 0.20
0.12 0.08 0.08 (pbw) Tegostab 0.80 0.80 0.80 0.80 0.80 0.80 0.80
0.80 B4900 (pbw) Foam Properties Density* 15 - 47 47 49 47 45
45 35 25 (kg/nferr]) Hardness** 3.6 4.4 2.1 4.7 1.3 1.6

2.6 2.5 (kPa )Exfysgleyed shtl 147 40 31 54 34 35 57 62
(% *  nmeasured in @ecr daneepWbhr&FTM 37 ohbus’ mARASY! £¢ £4) accor dance
with DIN 53577 5 WD 98/ 16567 o o -

PCT/ EP97/ 05766 -EX3MRlesdmbPes  9ughid 180 AR o @op¥epaledt i PPN ogous
manner as for BEx@anpires dif tthed folidbning npelwcies din pokpahafion wiothyol B, one -
of the foISI oW ngP(pm(ylolcs_ in conbination with

Polyol F is a polyol having a molecular weight of

4700, a primary hydroxyl content of 80% and a hydroxyl
value of 36 mg KOH/g polyol, a functionality of 3 and
an ethylene oxide content of 13% by weight

10 Polyol G is a polyol having a moclecular weight of
6200, a primary hydroxyl content of 82% and a hydroxyl
value of 27mg KOH/g polyol, a functionality of 3 and an
ethylene oxide content of 14% by weight.

15 Full details are given in Table 2 below. Again
foams of low density with good hardness and hysteresis
properties were achieved.



5. Polyol C. Polyol F is a polyol having a nol ecul ar wei ght of 4700, a
primary hydroxyl content of 80% and a hydroxyl value of 36 ng KOH g pol yol,
a functionality of 3 and an et hyl ene oxide content of 13% by wei ght 10
Polyol Gis a polyol having a nol ecul ar wei ght of 6200, a primary hydroxyl
content of {d%saewdr a hydroxyl value of 27my KOH g pol yol , RCIVERAT0S76Mal i ty

of 3 and an et hyl ene oxide content of 14% by weight. 15 Ful |
details are given in Table 2 below. Again foans of |ow density with good
har dness and hysteresis properties were achi eved. WO 98/ 16567
PCT/ EP97/ 05766 - 13 - Table 2 Conponent ~ '3 "Exanple No. 9 10 Pol yol
EO 530(‘%%%%230052:’31\’/\2 cP(L)r)l yg!'._: ° 95—+ auuya?gt (epF\I'I]\%e)F();)l %\2![ eI'C
(pbw) 1.8 1.8 N ax|B2mponent 0. 3PExample Qo35 (PHW) Dabco T9
0.16 0.18 (pbw) Tegostab 080 0. 8¢ B4970 (pbw)
: 9 10

Polyol F 50 -

(pbw)

Polyol G - 50

(pbw)

Polyol C 50 50

(pbw)

Isocyanate D | 95 95

(Isocyanate

Index)

Water {(pbw) 1.8 1.8

Niax B2 0.35 0.35

{(pbw)

Dabco T9 0.16 0.18

(pbw})

Tegostab 0.80 0.80

B4900 (pbw)

Foam

Properties

Density* 49 48

(kg/m3)

Hardness** 2.5 3.0

(kPa)

Hysteresis*> |42 53

(%)

* measured in accordance with ASTM 3574-77
** measured in accordance with DIN 53577



Foam Prooperties Density* 49 .
3.0 (kPa) Hysteresis** 42
ASTM 3574-77 ** nmeasured in accordance with DI N 53577

48 (kg/ nferr]) Hardness**

2.

53 (%9 * nmeasured i n accordance wt
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ED SET OF CLAI MS 1. Polyol conbination for the preparation of

ener gy absevdvegmgsgroam whi ch conprises, to a total of 100 parEBYARg766ci ght ,

S

(a) from30 to 70 parts by weight of a polyol having a 5 nol ecul ar

wei ght in the range of from 2500 to 6500, a functionality in the range of

from2.5 to 6 and a prinmary hydroxyl cont ent of at least 40% optionally

nol ecul ar

with a pol yrrer sta rsed therein; iM Ttonjfm associ ation with
10 (b) il lﬂ i]zrts by wei ght of a ib"&iSHEEI/ﬂLq f@ﬁ\m{] a
e of from300 to 10D0, a REPALEgNall in the
5t06andahydroxyl valuelnthe ge—o QM {200 to

range of from

600, with the proviso that a polyol cBbabifalilee conprising, to 15

total of 41 grans,

ene oxXi a ed W t

conbi nati on as c¢dlyamegdhitph claim 1, wherein

10

15

20

25

30

(a) from 30 to 70 parts by weight of a polyol having a
molecular weight in the range of from 2500 to 6500,
a functionality in the range of from 2.5 to 6 and a
primary hydroxyl content of at least 40%,
optionally with a polymer stably dispersed therein;
in conjunction or association with

(b} from 70 to 30 parts by weight of a rigid polyol
having a molecular weight in the range of from 300
to 1000, a functionality in the range of from 2.5
to 6 and a hydroxyl value in the range of from 200
to 600.

2. Polyol combination as claimed in claim 1, wherein

polyol (a) has a molecular weight in the range of from

4000 to 6500, and a primary hydroxzyl content of at

least 50%.

3. Polyol combination as claimed in claim 2, wherein

the primary hydroxyl content is in the range of from 70

to 95%.

4. Polyol combination as claimed in any one of claims

1 to 3, wherein polyol (b) has a molecular weight in

the range of from 500 to 700.

5. Polyol combination as claimed in any one of claims

1 to 4, wherein polyol a} has a polymer stably

dispersed therein and the dispersed polymer is

polystyrene, a styrene/acrylonitrile graft copolymer, a

condensation product of triethanolamine and toluene

diisocyanate, or a condensation product of a primary

amine and diisocyanate.

eet Has Been Replaced

T

a

26 granms of glycerine initiated pol yoxypropyl ene glycol

havi ng an average m%gggha{:m\q@ aht; of tg)e enng}Q Qfé‘{rforﬁf ftrg;ﬂ e% ction

product of glycerine a
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polyoel (a) has a nol ecul ar weight in the range of from 4000 to 6000, and a

primary hydroxyInU ast 50% 25 3. Polyol conbination as
claimed in clai | r"ﬂHl%ef!’Erl mary hydroxyl content is in the range of
from70 to 95% 4. Pol yol *cosbiMation as claimed in any one of claims 1 to
3, wherein wologaésetb) has a nol ecul ar weight in the 30 PCT/ERAZOST6R from
500 to 700. AMENDED SHEET 5. Polyol conbination as clained in any one of
claims 1 to 4, wherein polyol a) has a pol yner st W"ﬁ{' “‘% €r ei n and
t he di spersed polyner is polystyrene, a st rene/aﬁ % fﬁﬁé pol yner, a
condensati on product 5 of triethanolanrne and:_l_mt__g_l______ﬁ_é:_;ﬂﬂ%_ggy_ahate, or
a condensati on produ Werstg ' o] ' I hSQQY te. 6. A
process for the ;?(r)'epgkgﬁ%ﬁa%%éiﬁli%qn%r@é&%é%gg?ﬁ% ng@%ré)gqrﬁqdv}\}nﬁ%h%g?ocess
conpri ses reacti A§agtpenryproduct of & @eBiveat FeRb RN med defisrdi 1, a
pol yi socyanat e hauiaig ap a6 oLyeOpimatiddnpoRehbendangy af ifdodpaR@teo 120,
water in an amunt g he range, of §f ahoh b8 $oPR5gS BedPlghtgper 100
parts of total pd‘l yol', "and at Tehstone cat al yst."15 N %Brocess as

cl ai ned indcl ai ma@ouiteini hheorangmrafi £xeModstpi hkPFmt < dparedighti per

ulti i Sgd- 8-7 Enengy abgekbbpowd Dae ofxt gl ecbib an P GES ards a¢l akABE i N
claim6 or 7.

_L

one catalyst.
7. Energy absorbing foam as claimed in claim 6,
wherein no separate cross-linking component is
10 utilised.
8. A process for the preparation of an energy
absorbing foam as claimed in claim 6, which comprises
reacting (a) from 30 to 70 parts by weight of a polyol
having a molecular weight in the range of from 2500 to
15 6500, a functionality in the range of from 2.5 to 6 and
a primary hydroxyl content of at least 40%, optionally
with a polymer stably dispersed therein;
(b) from 70 to 30 parts by weight of a rigid polyol
having a molecular weight in the range of from 300 to
20 1000, a functionality in the range of from 2.5 to 6 and
a hydroxyl value in the range of from 200 to 600, such
that a total of 100 parts by weight of polyol is
utilised,
a polyisocyanate having an isocyanate index in the
25 range of from 70 to 120,
water in an amount in the range of from 1 to 4 parts by
weight per 100 parts of total polyol, and
at least one catalyst.
9. Energy absorbing foam whenever prepared by a
30 process as claimed in claim 8.
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