5 e3eb| @Tb| 2 8 JUN 2002 1 POLYETHERS AND POLYSI LOXANE COPCLYMERS
MANUFACTURED W TH DOUBLE METAL CYANI DE CATALYSTS BACKGROUND OF THE£~WNZMZ
LNVENTI ON I n pol yuret hane foam manufacturing, surfactants are needed t
stabilize the foamuntil the product-form ng chem cal reactions are
sufficiently conplete so that the foanhsupports itself and does not suffer
obj ecti onabl e col |l apse. On account of the conplex interplay of these

physi co-chem cal and rheol ogi cal phenonena, it is not readily possible to
predict the effect of subtle conpositional changes on the overal

perfornmance of a p,@%xagw S’?’%énﬂjér%t OXANE‘C@F’@ID‘?MEHS H gh pot ency

silicone surfactants) general to be those which give a high

because oW ANDEAGH! 'Fs?ebe@u?ﬂ'ﬁﬁ@iﬁMk*ﬁbﬁéﬁﬁéﬁoﬁﬁg@éﬁ ave

hi gh densities and objectlonable density gradients. In general,
preferred that the surfactant produces high rlse little or no top
col | apse, and high airflow performance. The | att feature refers to th
ability of air to pass through the foamand is ji@ mm,mm to as foam
breathability. 2 8 JUN 2002 2 Silicone surfa | yur et hane foam
manuf acture typically are materials having sil oxane *t®kbones and pol yt her
pendant groups. For exanple, U S. Pat. No. 4,147,847 describes certain

pol ysi | oxane- pol yoxyal kyl ene copol ymer (" Copol yner") surfactants having

m xed al kyl ene oxide feed polyethers with nol ecul ar weights up to

approxi mately 5500. S... Pat 025, 456 teaches that a key to excellent
per f or HB.F%CK@WMB %EH@HN\/&NBQA}‘&H hers with a distribution of nol ecular
wei ghts where a significant part of high nolecular weig ether is
preferred. Wth rdjRolywsthage fpétf'@éﬁﬁfﬂ‘-'rﬁ@(‘éu"'%ﬁélFfﬁﬁﬁﬁﬂfse#@)”e@%@éﬁt?@ﬂﬁ

al kyl ene oxi de pol ymeri zation catal ysts such as KOH cannot produce high

qual i ty pbeyeament! thetprodust-<ormiag chemigal easieneasondficientynompleiasodbaut 20%
propyl ene oxide (PO s present in the alkylene oxide feed. Since the prior
art teachas fodm suppchsf itselt dred dees ndt soBe( objehligtable adllapsen Onmdcdest)ofitne t he
polyethers, this is a serious limtation. Wth conventional catalysts such

as KOH, seomhpleqimerplay oifthd¥@ siytidorttmisicyl anddedgipal pheginenaitliy hotal cohol
whi ch functions as a new source of unsaturated starter in conpetition with

the ori gilabispedsite to BrRRYt U bﬁeﬁ%@ubll@aémﬁéﬁn@ﬁél 2hhhgdresh Weesverdiur t her
PO addition fails to increase the overall ecul ar "wei ght of the polyether

product . ﬁéﬁd?hla%ewa@arfaétan@é&eemwr&etékmea% gasgtt he nol e¢ul ar wei ght,
nore | ow nol ecul ar melg ht species are generated which conpete with the

exi sting ol i goner syfgRpo @é}@[yrbnlgzroﬁ\é’ts'&rfﬁaﬁnishgeﬁéﬁ%ﬂ?hhdé\‘ém@!ﬂo%\é%é’&ewhxch
nol ecul ar wei ght of the polyether product does not increase. W

cat al ysi sgivéd ng?i(ﬁél'?htedf risdearVifiétdp Svimpss aﬁHﬁﬂﬁﬁﬁué@le@EH' afe dirdhfe | evel s
of f around 5000 dal fons for these m xed pol yet hers. 8 JUN 2002 3

Mor eover ,neddfisé ?bénﬁ?wﬁf%ﬁ%’llé{ﬂzéé/tooi Esﬂﬁftﬂfbnﬁdﬁe@@eﬁf&@sﬁﬂﬂ&%ﬂﬁgﬁ hereby do

not have a random di stribution kyl ene oXide units wien a nixed feed is

oxi de ( ES oS B ﬁ%*‘%@%ﬁ’“f%ﬁ FRREGh LR ] BRER Vether
Sai o' | ace rCEDERosREEs hsftesh '@%@i‘@"‘%@%@f&%M@_&wﬁ%@@k@@” Hantenal yzed
o0l yet ner Saile RAHe SR GiF6 AP RUAE B ofsents Syl MR amand (<485 i bi |

br oad dlstrlbutlon of nol ecul ar wei ghts (generally having a pol ydi spersity
of great pteriggio asf9amMeatBabiityn a substantial anount of | ow nol ecul ar

wei ght pol yet her contam nant. These | ow nol ecul ar wei ght contam nants
conpete with the high nol ecul ar wei ght pol yethers during synthesis of the
silicone surfactants and effectively reduce the nunber of high nDIecuIar
wei ght pendants bound to the silicone backbone. Only the | ower

pol yethers (i.e., <5000 M) typically have a pol ydi sper5| MWI// ce the
art teaches that high nol ecul ar wei ght pendants are inpor ﬂ” ﬁm ncy)
a substantial content of |ower nolecul ar wei ght polyethers arg

contributing to good performance and therefore are uhdeS|rabIe fbuble
nmetal cyanide (DMC) .catal ysts have been used in silicone surfactant
preparation as reported i n Japanese Kokai 05-117, 352 which discloses the
DMC synt hesis of allylpoly(PO polyethers of conventional nolecular weights
and subsequent addition of ethylene oxide (EOQ noieties to these products
usi ng conventional KOH technol ogy {final nolecular weights | ess than 3000
dal tons). 2 8 JUN 2002 4 Accordingly, the polyethers disclosed therein
have a blocked non- randon1d|str|but|on of EO and PO unlts Nbreover this

o L T T " - . Y o o 177~ 1 Y



R"represents -H, an al kyl group of 1-8 carbon atons, -C(OR'"', -C(OOR"

or -C(ONHR'"'; R'' represents a nono-functional alkyl or aryl group 7 BhieN 2002
random bl ock of EQ PO of said pol yet her havi ng been produced using a double
nmetal cyani de catal yst; and 2) Ch~~H2n~~0(C2H40)a~~(CgH60)b~~R noi eti es
havi ng average nol ecul ar nmasses in thehgange 300- 4000 wherein n" i s 3-4;

a" and b" are independently O or a pos+ftve nunber such that the total

nol ecul ar wei ght of the polyether is between 300 and 30D0; and.the R' and
R'* noieties are as defined above; wherein the blend average nol ecul ar

wei ght of the polyethers is between 1100-3000 and wherein there may be nore

than one pol yet her Sficéme sifdrants foumlydrathané fdfnsharmitectbredypitaly drer st
group. Moreover, the present invention teaches pol yethers) and the naking

t her eof) rﬁatbtiarblrevi‘ngrsuaﬁaﬁwé Badi@ofes Hhd p6k-athes pend@nt@rdifs. 2002 xBmpklAl LED
DESCRI PTI ON OF THE 'NVENTI ON Advant ages The use of very hi gh nol ecul ar

wei ght p $9PH?N% Qaf4 daYckib¥s cbrt@in po%'slldién%tﬁﬂlmy%b%pb FlerWi th a

narrow nol ecul ar wei ght |str|but|on prepared catal ysfs to

Pvant Sgg"é’#ﬂdﬁé@f%”ﬁé%%@%béw ke BRYILAE ORI ETBAEREs FilRiMputar L
DMVC usi ngwfeq%glupct{r agBF$ﬂh+t%!¥e 240 glg's Bap . ﬁtﬁéﬁeste%eﬂesofhat"ﬁtkgy gybstantial

anmount s feed wlT°To

propenyl-ter nat ether co th fo h the

st andar d & FS&%E?&?OF %i“f%ést“'ﬁ@gp% ﬁlﬁgﬂl? 8&&? ﬁﬁ%ﬁ?@@ﬁé‘riﬂﬂ?'ﬁaﬂﬁt eactive
in the COpQ| synt hesj S y.are undesirab) nd stefu e of

DVC- prodtﬂ:eég fg?é%lﬁér%"ﬁf@@&ﬁé Ofﬁgﬁ)d'pgleglfﬂﬁ[ Y’:’F@E‘f @E“}‘%f 1Sy ﬁ}eﬁferZrl al s when
these polyethers are used to produce. co nmers, Additiopal] ,

resul ting pol yet heVdt aﬁga%@rﬁ%rt@awg IU oriunately. capventipna 'hﬂ?’é@ﬁ?“é’lﬂ

wei ght distribution, having polydispersities of 1.1 to 1.4 at nol ecul ar

wei ght s $iodireersagon Cam‘)@hs st s K01 ernnghsragiiae highvaualiteralyethersewight

pol yet hers. Anot her advantage of the invention is elimnation of the

pol yet hermplacilti waightsatstvepda itvmoohthahebalik203| propyene axide yR0O) isuresent’
renoved fromthe crude pol yether product. A further advantage is that the
si | oxane-ipthe akilene origelfyetr Sintatke prighanrtdaegbes the neddyfor theobsect RO {omi t h
narrower nol ecul ar wei ght distributions than can be achi eved using

convent i tigherldtyl@eD6Ra8s) Ivkikepbigedersytiis o tbdausilthvitatioag &Vitts coieerpivoal si on
of very high potency surfactants for the.stabilization of flexible

pol yur et hapaydte308h aSKIHE stnhtar Ahesswtof P@/@dﬁtﬂngﬁuﬂ}/ Ir@avRarienb @iendgliyl over
sur f act ant use l'evel s and 8 JUN 2002 the Copol yner product has a | ower

silicone gasice Wmchtfhha.dnesae' at ﬁeweoarcstmirnaaturabd QERRRM SoRsaRfontwithheuct ur e

The preferred Copol yner use herein has the general average formul a

M'DXD' yM do }gﬁteﬂ sfarfe(? Entu&pﬁ Qnd%ﬁ nfdid é@te(tﬁeﬁé@ )vhérelerthEr POAac?ﬁt ils to

preferre erra I's C ass has t genera( average

M' DxD'yM 6 I e

nol ecul arrnWeEQ fhe %’ﬁ@{?}m}%&h %‘)El %dé@%her '\J‘/’g}’éf dﬁr?t)%?%wg%qg\/el ght of
the m xt ng
account orf‘%"?ﬁmb"t”t %‘%Mw%[tﬁ@é*%'?*ﬁérgﬁ? 15 a%%r“t%ﬁﬁ“d%%*e%ﬁ of a
two pol yet her rfa tant is er abl, 00 2400 e case that
mor e ¢ harb 4 R B Etpes oAliCEE e#sﬁégg\ﬁ%ﬁ"arfs BASAEO BTH 1 SPLE O 2T e <
will be in the range 19003000 daltons ar?d the nmol ar ratio, of the\&ust and
second gr¥IpPYravEEASRTRIecYlas weigh ohBreRalygiBer Rrroguehipes notinprrase; \With gr oup
of polyether pendants are prepared via DMC catal ysis using a nonofunctional
al cohol d§Okieatalysis, fanexameliectheraveralbtunbey ayerageamaiegHiar wWeidlht iayeisff EO and
PO units within said polyether. Mnofunctional alcohol starters either

cont ai n caPyndHB0h dakans batheskanigedpplyetech as a vinyl, allyl, methallyl,
or al kyne noiety) or are nonols which will be subsequently capped with a
group containing a hydrosil atable group (e.g., capping butanol-started

pol yethers with an allyl group). Exanples of hydrosilatable noieties in

pol yethers are well known in the art (exanples include: U S. Patents Nos.
3,879,433, 3,957,843, 5,191,103, and 5, 359, 113). By 2 8 JUN 2002 8 random
distributlori ft Is neant that there is not a block of EO followed by a
biotic of POw thin the polyether) nor any sections of the polyether
particularly rich fn EO or PO (unless present in the starter or capping
group). Rather, the two different types of oxides are interspersed anpngst
each other essentially randomy In the polyelher. It si~ould be noted that
hi gher all cyl ene oxi des such as butyl ene oxide can al so be used In addition
to or 'n place of POwith the DMC catalyst. Wthin the first group of

poI yet her pendants there Is a pref erred sub group that |s corrposed of

. Y o~ o



group, conventional processes should be used because the DMC catal yst is
too active for high EO feed and will preferentially generate pol yethyl ene
giycols. In such a process termnally unsaturated al cohol, opti onal2i8;JUN 2002
bearing a substituent on the 2position, is conmbined with EQ, PO, or both,
in the presence of a Lewis acid or a basg, to yield the desired pol yether
with a term nal hydroxyl group. The epoxides nmay be bl ocked or randomy
distributed al ong the polyether chain. The resulting polyethers are
typically capped by further reaction (optionally in the presence of a
catalyst) with an al kylating or acylating agent such as a nethyl halide,

allyl chloride (in Mpre®ased®d tcRbUEARAY BPROUH, SR pbyEmHesslpiodased tHevdmnol ),
i sobutyl ene) acetic anhydri de, phenyl isocyanate or al kyl carbonates, using

procedur esdd"ﬁ'dt'ha'@@%"\‘&gh@mtd?ﬁri%ﬁon of zﬁkﬁe&%bi{déﬁﬂﬁs Whleh ad:inﬁJeidlﬂééd] RMsetihe

firsC group of polyethers are nmanufactured using double nmetal cyanide (DM

o121 V2t GGG Bl Tebronlhe Iy KBaaey ko g B0 (267
o oo g6 Bl RSB oAU e PP TRAR RS BT
N 3 0N e B Rk, o200 L PO o GF RSBl st 1111

(al cohol)-_ z' H20 wherein the al cohol is typically glyme (ethylene glycol
di met hyl é%q%b@tl?ercﬂe%%’ﬁf‘%%ol) and the values of x', y', and z' depend on

t he exact nethod of preparation. The DMC catal ysts can give essenti al.la/
unl i nited nol ecul ar Whang#nalyzsad &t size exqsian shegmatogaphyghigh mpemargyeight,
equi val ents of pol yether as equivalents of the unit used as the starter for
t he pol ynéﬁ-?ﬁ@g%N?.(’V%PS‘)b'@mﬂﬂs Jpderwitiysulistantisbampenisaf4Q and iKOH gatalysis does
not pronote allyl to-propenyl rearrangenent in allyl alcohol starter (the
nost px~Peaxhéit &baadedijtribstiatoesmaleeulabivMeighss deperallydwaning hpolpdispersitpobduce
pol yethers with nol ecul ar wei ghts equal to, or nuch greater than, those
that can hgegteothamed4naid céidin £ebivsthamtzy amountof lowutoleoyar weighs polyeth€f EO
bl ends containing up to 60% by wei ght EO are successfully copol yneri zed

W th DMC cRingdriighat. arheseToweolb@asr waight dMammadtseforagete Wit themigier s are
added~at a known teed ratio so as to produce polyethers in which the

nononer Uury i I Hidei i F Mt t he
ronorer QA gE PORMLSS i PO b et L ey

nore quic | 1 i i jChr Draxi t he
Tonol st arPAUSE T digier gt it leatlar SRt e bR e B B e Roarle?

pr oduced YA ave a.dif n LSt i r

onvent i orglTpsy GRStV Eh BobRRef uik,<sPRO PRl el bOViRREstt &s:, 11
is inportant tq initiate ("activate") the.catalyst with pure PO wth at

| cast vwo 507 Bisk Shbaaghes pratiian Mofechin Waigtl epdis Hoe My PRl on.
Pr ef bl his is d ft i Xi th t al yst d th t | cohol .
Cnce tho LeaiURToRr8oma3 lowen Pelkeildr welkit ARUplSts Aioas SPBILLRS fasat po
can be started (up to 60% EO by weight). This results in a negligibly short
PO bl ock cRertar@apeqyAnditije(oipair Uadesisagiei ts) with the remaining material
conposed of randomy distributed EO and PO units. A continuous process

coul d be acconpl i sh&®ubie matal syanide (pbiCatcatalysts Paye kean ugsst insiieone activate
the catal yst and then m xed feed downstream where there is active catal yst
af t er i ni tSuatactant piEiparateacas mpodedan Ugpanesedtokan®s-1 17362 bicndis6iGses the
consuned. In the case of ally) alcohol starter, the polyethers, which are
hydr oxy eroMCagyméttbsisralyallylpaiy (FlDd polyetienls of tdnventidsal snadécudar weihiyslandacet oxy
or t-butyl. Alternatively, a saturated nonol such as n-butanol nmay be used
as st art ersubsdqudre additipatdiethytenneddaED) moidias 2 thedbgdodubts usingch as al |yl
or nethallyl. It is inportant to use high quality raw materials free of
ChterTero L b e S e i T g el e Jop0TRLof). Ot erw se
hydrosiiation catal yst. However) DMC i s nonreactive and does not need to be
removed. Treatnent of the crude polyethers with a neutralizing agent to
renove KOH and in vacuo stripping after acetoxy capping are exanpl es of
routi ne processing steps to ensure that polyethers will be of acceptable
hydrosil ation reactivity. 2 8 JUN 2002 12 It has been found that sone of
the conpositions of this invention have relatively high viscosities and are
preferably dissolved in a | ower viscosity vehicle prior to foam perfornmance
eval uations to achieve good and reproducible results. It is preferred to
dilute the surfactant to about a viscosity of |less than 2,000 centi stokes
at 25C. Typical diluents include saturated, polar, high boiling point
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hydr oxyl nunbers preferably in the range of about 43 to about 110, and nore
preferably in the range of about 45 to about 75. Preferably the polyol
shoul d i ncl ude the pol y(oxypropyl ene) and pon(oxyethyIene-oxypropyygnﬁﬂzmz
trials. Ethylene oxide, when used, can be incorporated in any fashion al ong
the pol yner chain. Stated another way, hhe et hyl ene oxi de can be
incorporated either in internal blocks)_as term nal blocks, or may be
random y distributed al ong the pol yol chain. However, the manner of

i ncorporation and the ethyl ene oxide content of the polyol preferably is as

not e @00vgcoFy, s BYSIRGE M8k R o R g e A0l gy
N8 8 B St RO Wb e B ASE B by PofRlg o
pol Yol COTRERER TN SIS L0, LA LAKT: o R tele POULMTEL Hp MUED
IR MY 0 RN 0 T R B

may be readily determ ned by one skilled in the art. Organpic isocyanates
usef ul i n RNSRRSITtina ke thectiinynee PaciiPong %BSNHW@@%W%C’(WPQUF%%H on are
organi ¢ conpounds.that contain, on average, between about one and a half
and about hdiodesasaaRrecegs apgard. and preferably about two i socyanate
groups. Suitable organic polyisocyanates incl.ude the hydrocarbon

di i socyanat es) e. ~eEuropehe PatdntlApplicationshb)&A64 &2 disulogdsdhauge of DMC

di i socyanates and mare specifically, diphenylrnethane diisocyanate and

t ol uene dicasaystsfoattiee QUdIMDA pf efddes (Pl apod bilyl ghaidyh athes) taman)ydiolgrabl@) 6
tol uene diisocyanates and their m xtures having a functionality of about 2,
whi ch ar e shoxerd-yolyether condiyinversdraeing Wicappyd hpdrdd) .grdls. Mikis, thelefdxitdy 2Q02
15 preferred polyi socyanate is 80120 TDI (i.e., a mxture of 80%

2, 4- t ol uengerdiddees Yraalyeoans pdYiickabel Mtwnﬁgmtdrﬁm@/apaty@mer $6garatapuas  of
i socyanate to be used is dependent upon the index of tfoamdesired and the

final propekian@srdh thé'art! @deh0sythds Fradides oldhfiity Rf&chidve 480 adiign there
is a stoichiometric equivalent of the anount of isocyanate needed to react
with the I gﬁﬂﬁ ' E iniNg
conponent Mérﬁgtt%&eﬁsys gE1BlygﬁgfgeHﬁ%%%@s@ﬁl%b'}{lﬁ(l‘%@ih%%y eﬂl&'ﬁ g’cti ced in a
w de range of indexes, e.g. 60-120, the preferred range of use is indexes
bet ween 80 and 115; and nost preferably the range of indexes is 85-95.

Water is t %gﬂl | QWM ent, to produce carbon di oxide by reaction
W th isocfgﬁgpg&$cg e %Hgﬁkggggqused at about 1 to 12 pphp (parts per
hundred of polyol )_and preferably between 2 and 10 . At foamindexes
bel ow 100, the stoiIﬁ?BH%FPI@VEQ%éb@ﬁxﬁﬁﬁé?aPW£BQF§@3g%ﬁ°9ﬁ8%§“%ﬁga“g
vapori zatipn ot a rt of the reactjon to produce carbon, djgxide. O her
bi v ng- adBriaifiiand3 eBfn Snd et FaVe b benfeliepostsragd mmus MBS at or
such as carbon, di oxi de, ~rrethylene chloride, halocarbons of 1-3 carbon
atons, andV'H'®8r equival ent inert blowi ng agents. The catal yst conponent is
one or a conbination,of standard tertiary am ne and organonetallic

pol yur et hane cat al yit JepiesentsdRbla)aiPd/ 08 §éRtiziaSi@hmit 0. 0001 to 5 wei ght
percent of the reaction m xture. Suitable catal ysts include) but are not
limted to, dialkyl Dirapteskots (6H329iBgxil ic acid, tin salts of organic
acids, triethylene diamne (TEDA), bis (2,2 -dinethylam noethyl) ether and
simlar conpounds tDdatepgreseiel(CHENBNBICPot he art. 2 8 JUN 20D2 16 The

rel ati ve amounts of the various conponents of the foamfornmulation are not

narrowy critical. Yherealaetbss idabytl2oanahdgliyisAQR0RE & ahsuscsent in a
maj or anount and the relative anount of these two conponents is well known

(o Lhe ar L. The bl oW 0 peleer SRR R RRIAN o ARl SRS |

in a mnor anount suf oam é reaction m Xture.

present in a catalyfic amunt, i.e. . that amount necessary to catalyze the
reactions to pr oduc@vot ‘H‘@e‘ﬁngP8',Ye'r*\eé%<i'=‘ﬂ?§?d °H WF@H”%@@QE"&WUI ar and
hi gh resiliency pol yurethane foam at a reasonable rate, and the surfactant
is present in an effective anount sufficient to stabilize the foam and
achi eve the properties desired, typically about 0.1 to 8 parts per hundred
parts polyol (pphp), preferably 0.3 to 3 pphp. Exanples In the exanples
that follow) all reactions involving the mani pul ati on of organonetallic
conpounds were perfornmed in an inert atnosphere. Commercial reagents were
used wi thout additional purification. The following terns are enpl oyed
herein as defined below. The term"potency” refers to the ability of a
surfactant to stabilize foamduring its manufacture. Hi gh potency
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- available fromWtcn Carp.) O ganoSilicones Goup, and i.s a m xture of
tertiary am nes and a glycol. Preparation of H gh fytol ecul ar Wi th %@?ol S
.using a Double Metal Cyanide Catalyst Since ally! alcohol is verzl tJ Qi £ a
propoxyl at ed derivative such as APPG 200 (ally! al cohol capped with
approximately 3 PO units, comrercially available from Union Carbide Corp.)
can al so be used as the starter, espgé__tally in lab scal e experinents where
attention to the toxicity may be mare critical. APPG 200 (8.9.g) and 12 niL
hept ane were charged to a 500 nL autocl ave. Zi nc hexacyanocobal t at el gf yne
conpl ex (0.071 g) was added and the reactor flushed 3 tinmes with nitrogen
to renove air. ThB ni xPotonRECaRe@Cablefp B rBaigiashaieg averageas vent ed,
PO (10g) was charged, and the m xture stirred until a drop in pressure
i ndi cat ed cat al ysmokctiavatdassas abovd 30@D whefh treddiBDbutiomokiGaHeg- ¢BD"6g PO
and 136.4g EO was fed into the reactor at a rate to maintain the pressure
bel ow 50 psig. Thend-Egtda-i (*@QPpysoetbds ramiemswhemt ed to a vacuumstrip to
renove any unreacted al kyl ene oxi des. The product had a viscosity of 5700
cSt (Ca~25C), hydroxyln'mggdaer 7.8 ng KOH g, and unsaturation 0.115 neqlg
(approxi mate nol ecul ar wei ght 8000 dal tons). Preparation of NMDXD'xM

Surfactants A typical pLRR% akd PHsIVORGREEE RehitRad ®¥aY/(AHhaglpditted with
a nmechanical stirrer, a reflux condenser, and a thernoneter was charged

ol yet hors, and sol verl TFeTaiest 4 RS A% ohFS Gtk Ml vofumes oe ©
i ndi cated, buffer (sodgmcgéggrgg@g\@%s 2 8 JUN 20Q2 19 added, the

m xture was stirred an and an et hanol sol uti on of

hexach(oroplatinic acig,(25 ppm Pt) was added. exot herm of 5-15C ensued,
after which the reacti%n$%§g§‘?tﬁ&\%8”‘?'§"’lﬁ8€%£@<9f AP mat el y 40

m nutes. Any volatile solvents or by-products were renpved under vacuum
and the resul ti ng copdh§raErdasm BipekOf REXPOS|sald pelyetBenhawngpeeet ure, and
optionally neutralized with sodium bicarbonate or tertiary am nes (if
acidic). Table 1 gi vegpresursad using aalosbieaneiaheyajuide cyrlystiéhdcopol yner .

Exanpl es 1-3 enpl oy polyethers with nol ecul ar weights simlar to those used
in pcior art but Prepafadiand®(ORE46344CaEEO)b Hiiroigliesohaving average
conparison with conventional technology (designated as the Control in Table
4) which was prepapiedular masises obinegapge 8804080 wdiengjnconvent i onal

KOH process pol yethers. Table 1: Specifics of Surfactant Syntheses.

Copol yrmer Si H Fl ui dNumrgYiP@-4ether IDW (g)ea~,rwtit(~ In

glComent s140HA4000Ac27. 01200MD100OD 16. 7VH gh

Vi scosi t yAPEGB50AC 18. G 2P0 RARA8A6 ) BONDREMIE MIMAREGER 4in1he 324. 034
OHA4000Ac55. 01800MD6507. 7MHi gh Vi scosi t yAPEGS50Ac15. 021. 24

40HAB000AC24. 912ONDLAQRY Lo\ AIMREASSANS . BIeS e 0PRY6 244 354300ND100D
'16. 7TMAPEGE50Ac21. 315. Q640HAB00 AC3§. 81800%5D7, TMAPEGGS50AC12. 91%. t 740HAS0
00Ac22. 41200M065D 7. 7TNARE

1S. 5840HABO00AC2H. 915 Ln‘;qé@WE&&%‘S&%&g@Sﬁ%#%@f&l—%@éSbt 13u- Magn. 26. 3i 30
yarosi 1 at i onpol yACHER BRIENT Rebb HEIRIB B M ook Binostss beaws opprm

NaPro added prior { Bu20, 3, 14.2t o hydrositationPol yet her Dftuent12.2

2 B JUN 2002 20 ﬁfdfﬁ(? and wharelaieee mRY e Tgrethap png solether fram stiner; g
40HA8000t 8u24. 41200MD100D 16. 7|\/|75(? F'{)n NafPro added

or i or APEGES0t Bu- NHGHP Lt A1 edst BNAJARLSAITEE AR y et her

Dl | uent 12. 240HA800018u27. 01300MD1000" 16. 7M750ppm NaPro added

pri or APEGE50t Bu- N¥gFRoYer. dhe prassnhipdpotian ieackaserlyeihaesy and the making

Dl | uent 12. 240HA8000t 8u26. 31300MD100D 16. 7MNo MAGNESOL

Tr eat nefera¢icegbia (2 @is8iia saidamuHagEoe. 8u- Magn. 17 351300MD100D 16. 7MBat h

pol yet hers subjected t oAPEGS50t Bu- Magn. 13. 49. 35MAGNESQO _

Tr eat nent . 40HA6000t 8u27. QL300VD100D 16. 7MNo Magnesol

Tr eat nent . APEG550t Bul9. 614. 240HA600018u27. UL300MD10O0OD 16. 7M_.ow MW

pol yet her APEG550t Bu- Magn. 15. 5~14. 2' subj ected to

MAGNESOLAPEGE50t Bu4. 1Tr eat nent . 40HA6000Ac51. 11200MD100D 16. 7MAPEGS550Ac39. 93
0. 040HA10, O0C0Ac49. 01200MD100D 16. 7MAPEGE50Ac42. 030. 055HA6000Ac51. 11200MD100
D 16. 7MAPEG550Ac39. 930. 055HA10, CO0Ac49. 01200MD100D 16. 7MAPEGE50Ac42, 030. 040
HASOOOAc41. 11300MD1000" 16. 7MPr oduct separated | hto

t WOAPEG550Ac28. 721. 25phases. 40HA8000Ac22. 41200MD650 7. 7MAPEGS50Ac18. 518. 5Po
fyether Diluent11. 940HA8000Ac24. 751300MD65D7. 7MAPEGE50Ac17. 3517. 6Poi yet her
Di | uent 11. 9- . 40HAB000ACc30. 65i 600MD65D T. 7MAPEGSE50Ac14. 415. 3Pol yet her

Di | uent 12. 140HASOOQAC27. 91450MD65D 7. 7MAPEGG50Ac15. 8i 6. 3Poi yet her

Di | uent 12. 040HA8000Ac33. 11750MD6507. 7MAPEGE50AC13. 214. 3Pol yet her
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‘Materialh wt.N AX Pol yol 16-56100Di stilled water5. 5Nl AX Cat al yst 28 JUN 200
A- 2000. 2Met hyl ene chl ori del0. 0St annous oct oat e0. 23TDI ~

69. 44Surtactantvari eda a) Surfactant sanpl es containing diluent were

eval uated such that the contained copol ynmer was the sane as other materials
("pphp" in Tables 3 and 4 refers to contained copolyner). Table 3 shows a
conpari son of Copol yner No. 4 agai nst eral currently avail abl e

comrerci al products and a Control which represents a Copolyner with the
sanme nom nal structure as Copol yner 4 except with pol yethers generated via
conventional KOH technol o so that the EO and PO therein are nct randomy
di stri but Q:ET@!;EQI%%@BF@ OFt e ABINTIOM gher rise with equal or

superi or 2 8 JUN 2002 23 breathability perfornmance. Copol yner 4 conti nued
t o exhi bi tAdyaatigper f or mance bel ow 0.5 pphp, well bel ow the normal range
where prior art comrercial materials (usually utilized above 0.7 pphp) have
fail ed. Even as | owl'as uSe 8f yarihigtopolegutar weight polyetheds ekgead purity riieseallyl-
performance (the foam structure began to deteriorate indicating that |ower
use | evel semiihatetipodleyhegs withfaamdreove molddularaveidie distetaution, peparedaith OMC
present invention gives superior rise performance and shows hi gher potency
than the pataystatd prodiatd CopolyferBaifadtame withasupédst pdrésmianse (s@rmajdrat i on A~
Run 1 polymer ID 4 Control L-620 GS-1 OC-1 L-620 GS-1 Exanple 4 Control

L- 620 GS- l4dvekiade bXaebeséntGardrtioh. Un f2Rickiar, holpeainart @raduced iwith DMOGASIng
Exanple 4 1.25 1.25 1.25 1.25 1.0 0.85 Q85 0.7 Q7 0.7 Q7 0.6 0.5 0.5 0.5

0.5 0.4 0.ayCorm&nallyRak@noridsctistdrtérd.dhdiit withHubdtaplalaméudis 36 PO iddne 38. 1
38.2 Col | apsed 37.1 40.2 38.3 37.3 Col | apsed 40.1 38.0 36.3 39.6 %9C AF Str

Coment s Zjididhetnxlde’ fecdMill don@inditsK r@%n?l%ﬁﬁteﬁwﬂ%é{ﬁemarﬁinants than
"4, 7NR7. 36. 6NR2. 56. 7M2. 66. ONRND5. 1NRFai | ure6. 76: 0' NR3. 26: 3C3. 46. 3NR6. 76. 6N

RFai | ur 3. AN 28 ' tBRbRRled DR
F{egi)r'tJ reg; NDL(?N(B)?{ eter ﬁﬁé&t _%@{%E%é{[ gﬁcggﬁgﬁ gbh&g@tgﬁgtae?habi Il t?

No irf LS. = : : =Fi : j = Th
(Nopco air r% %\e‘i’ré&r&h\yéln th§tcﬁg§]|§!ﬂgrr] §%l§tﬂg§x§rtﬁe¥ B b%&%@%ﬁt&ﬂ@@géﬂf e

breadth ofa resent 1 nv enonstrat e yners

S?igéi bﬁgn[?“ﬁlﬁF@P@i%e%Z@;@ﬁ?%éﬁ%“'éﬁﬁkl?%fé&@%ﬁﬁﬁ%@%ﬁ%?’%@%ﬁ%‘vﬁpﬁef :at
i 2 JUN 2002 24 [ e W
range ‘of HUEEET| Héﬂwreﬁgae, 94 ¥ms@ea¥#ﬂ§§nﬁﬁﬂit§§ ff%ﬁtk%éer@ﬁ%ﬁ s °
. R ' 2 . ‘
cecent | bl DRI UalorPLer parowd fomyeenie” SRR HshiBler il y ot ner s

capped with a.non-polar, noiety such as t-b | -gr are as effective as
bt oxy- cAPYEIHRDEA a4 1o 1 Letiaaerianiednts sale Ao WEicfrEsRibAGIYS used
for conventi onaL KOH t echnol p% ) the inpact of this treatnent was tested
and no adWaRelyLiewmBelecyianwgianhPelEtheEm per f or mance. Pre-catal ysis
buffering with sodi um propi onate al so was found not to be necessary to
obtai n excel | ent pefPeiheaadwantagm el Sb‘ﬁé'ﬂ"ei‘ﬂoﬁk%?'m“f‘éﬁpfbﬂ%@@ P§B}?’H?eéti on
presumably due to sluggi sh reactivi t%q and side reactions. The effects of
thi s probiRsifietipnpdepdtivhice dhe gkprdatameataly stimestibeggmaved Fem Bgcrader e
honbgeneous material (note inproved rise performance upon dilution). Adding
t he di | uernolyatherproduataeiustbesadvantagess tatdhe sikxaneolyethercopalysiers hage wel |
as inproving solubility of the conponents in the two-phase reaction

m xt ure. Tigh metagutar neighdtpehiettiess (Mdbparpomer snddesult )weightadistibliticatsettlamicad t he
retained diluent and clearly show superior performance. Note w th Copol yner
25 the br det duhivedtusingeedrventior KGH pescess edlykthers. neetsmiotiferarivantagengthe
surfactants usually exhibit decreasing breathability with higher use

level s). Gopakigrer varé/_ Hiigh potepsPBDHActaftsdot the @GatIRa) 64 BEflexiB Poyyisthane
enpl oying an i nternedi ate nol ecul ar ‘wei ght pol yet her (between 1400- 3000

dal tons) . r¥finke S?H%%%ﬁe?hés%%t W'eMFr‘érhSI!QW%EI@?inQ%W%ﬁAJméc?ﬁ@h?é‘iev'eﬁssa%qh
potency than two pol yether systens since sone Of the graft sites on the
silicone backbone beconme occupi ed by | ower nol ecul ar wei ght pol yethers)

t hey have found unique utility in some applications. In this case, the

i nternedi ate nol ecul ar wei ght pol yether was prepared via conventi onal 2 8
JUN 2002 25




KCH process (the polyether could have been nmade via DMC process in which

i ntermedi ate MA{ pol yethers nmay be isolated due to build-factor |ind8adthais
of the equipnent). The foamrise and breathability performance were
superior to a Control made with conventional process polyethers (Copol yner
28, a comercial Copol yner nade accor dgfg to U S. Pat. No. 4,857,583). The
use of high nol ecul ar wei ght pol yethers nade with the DMC catal yst produces
copol ymers w sh superior potency and flat breathabillties conpared with the
Control which has been optinmized with the raw naterials avail able from KOH
technol ogy. Table 4: Foam Test Results (Fornulation A). Copol yner

ol lapse. B3 BB ER R Ay logre S AR A e RS o

Col | apse. 54, 4. 5F ~Fl at

Br eat habi F\%‘?’?‘tﬁ“gﬁ’g%ﬁg‘ 85. 3F0. 439. i 1. 34. OF1. 2539. 61. 94. 5FRepeat ed
eval uatiop,0..739.43.95. 0F (Sane results)0.437.9" 0.72.4F3~

1 2541, o7 ShucthEe o

B habi | | 0.740.43. 12, 8F0, 439..15.11. 7M41. 25d1. 1
b cat habi 11000, v40 0% SBraiias! Sagonmet lor A hefsf hiaddng Grital 8eraon tprane 055

3. 45. 75, 300 I8 A il a8 2042 S oL B9 Wkt 24 3V
81. 2539. 13. 81, OND 738 94. 40. 1M). 4539. 13. 23. 8F91. 2527 730. 3NDFPa I

col | apse. faferdal withirgthngirsshas te gqﬂqréﬁlgragglfogggﬁ?l\é“ )g)Q g Ep(a%S%SS

Breat hability.0.737.14.85. 5F0. 43 6. 36. 35. 8Fii 1. 2535. 8’ 6.45.8FFIat

8r eat habi Y¥T4220am$B:(B5+H=06). €014’ 34. 37. 45. 8Fi 21. 2534. 8i . 3 ~4. 8FFl at

6reat habi |l i ty0. 735. 86. 46. OF0. 436. 64. 96. 5F0. 333. 810. 76. 0F131. 2539. 62. 56. OFFI
at Breat hability. 0.6186d 48erage5raledddr ®eight (BAVWYIis HBweigh®ORIGFIaverage
Breat habi tity0.734. 0i 2.62.5F0.432.016.62. 1IML51. 2539. 13. 24. OMFI at

Br eat habi mdlgaiat3eididt. it 4hd MixtdRBolflt6crlinally unsaturated polyethers, the weighting

. 5. O0N~161. 2536. 66. 32. 2MD. 733. 015. 21. 8MD. 437. 16. 74. OM211. 2531. 022. 33. OMIop

| ayer 1. 258kirtg adcodht Sithetrélatvd aypeuitstiIdatbddlsOn tHe miirebiThedBANMWesfsa two

bl ended0. 737.63.50. 4, Cwith 20% pol yet her 0. 4538. 12. 00. 4Cdi i uent and

ret est ed. p3lyeHed8uiidstad: ibdbarérdbl4160-2800 ddons. In the case that more than two
7.84.00.5C231. 2539. 12. 64. 8F0. 739. 43. 23. 5MD. 438. 15. 21. 2C241. 2540..11. 23. 8FFl a

t |3reat h@bllgletﬁeYs ar2uded) té @RaN BAMW T 0:thd pdlyebtiteds #Boelia. tha r&axtgb1900-
1.2541.12 3FReversed breathability.0.739. 61 94..8F0. 439. 43. 93. 5F26

1.2541. 12 340 Qb il @thalat ttld/oflhd 4t 4hd 2 cOd gD ot pafRtrEre ghould be
1.3038.80.05FDi luted prior to

eval uat i opefvée?n.8 hnd3CH). 436. 65. 73C0. 335. 69: 03C28' 137.11. 14FDi l uted pri or
to eval uation. 0.535.54. 99FNon-fl at breathabillty.0.427.231. 1NDVoi dsParti al

col | apseNR= Not Reppiid @t gfddp d¥joly @& JBnBaRLs ‘A Epréifired Via mm@ GRhiksgse; AF=

breat habi | ity(Nopco alr f?ow uni'ts).Str= cell structure; F= Fine,
Medi um C~ %réﬁon&%a&mial E%hgxmhﬁe# aAd thERAREEVE A NRRddh dtsiw.mon
i nventi on) 8 JUN 2002 ‘28 W claim 1. A surfactant that has the

g?\neRE % )ngslieé)vfﬂcﬁﬁ% 4@%rwélshgnn%(B%%%ﬁf@n%pgﬁ@ﬁ?@%%wg: 8% 3
X 13t FOMeBRAM oflf oh8 rifRita @ ol (udrfad & OME RN mddlyRRPUNGRE: R are

pol yet her-contarnfng s ai ne ast two

difTerent pOLYEINEESGEleahed | %gﬁugéve%@%ﬁt%“aﬁﬂs@ B0 spdiehag ges

above 300 wherein the di s i bu - C3Hs0- groups is
random(o?‘ygr&ﬂl%ﬁﬁ@%(O?%ﬁ%ingBPB‘SQ) %{'}?ﬁfs Ideqorl‘y%ﬁll;'érlsgw%qlalgi %‘g’b are
positive nbers s . .6; R resents -H, an al kyl
group of %Jgn\péqsgg ygf%p{gta%leg%@)qﬁes in péﬁy@j’@&g aredq/el c@)rNg phe artexamples
represents nono-functional alkyl or aryl e random bl ock of EQ PO
of said pdtejedsied-Sharans beend frdddsed. 9§§1%|4§ 5186)&@993%5&5%19;539" B

catal yst; and 2) -Cn~~HzZn~~Q( C2H40) a~~( C3Hg0) b~~R" nvi eti es havi ng aver age
nol ecul ar masses in the range 300-3000 daltons wherein n" is 3-4; 2 8 JUN
2002 29 a"'and b" are independently O or a positive nunber such that the
total nol ecul ar weight of the polyether is 300 to 3000 daltons; and R' and
R'' noieties are as defined above; wherein of the two different polyethers)
at |east one is selected fromgroup (1 ) polyethers and the bl end average
nol ecul ar wei ght of the polyethers is between 1100 and 3000 daltons. 2. A
surfactant according to claim1 wherein the pol yethers have bl end average



mol ecul ar wei ght of 1100-2100. 3. A surfactant according to claim1 wherein
D:(D'+M')<10a. 4. A surfactant according to claim1l wherein x = 65 - 135
and y'= 7 to 22. 5. A surfactant according to claim1 wherein the h®UHN 2002
ratio of the first group of polyethers to the second group of polyethers is
between 0.8 and 2.5. 6. A surfactant acgording to claim21 containing at

| east three different R groups. 7. A sutfactant according to claim1l
additionally conprising a diluent in an anount so that the viscosity of the
surfactant is |less than 2,000 centistokes at 25C. 8. A surfactant according
to cl ai mandamedisirihuliorelt romerat thet Werelsant adleck efl Q@ followeathby adlagiy POy
Znd 2-y' (alcohol)-z' H20) wherein (alcohol) is glyne or t butanol. 9. A
process fvithinrh polyeihel,ynoratnysseetidoaoh the pplyethien parteatarlyichdnEQton RO of (a) a
pol yet her or pol yester polyol containing an average of nore than two

hydr oxy| (ugtedsnsefan Inmhleestaiier o dppiiy grogani Rathendyatved dilferentngpex of east two
i socyanat e’ groups per nolecule; (c) at |east one catalyst; (d) optionally,

an auxi | aays Bledwien e@gﬁ:ﬂhmoﬁg%l hedlherddidelfidllyaandémicihang p@gedﬁé‘ri med in
claim1l. 2 8 JUN 2002 ~30 10. A process according to claim9 wherein the

pol yet heghginbainBidihauiighet aRyIbRe ORIdEIsUcIS HE bagadHY oX1ay eak laitrtb@ues@ e
nol ecul ar wei ght of 1100-2100. 11. A process according to claim9 wherein

D: (D' +M agdifforilio drdn K&caramwmcm@m@@atawsﬁl aim9 wherein x = 65 - 135 and
y =7 to 22. - 13. process according to claim9 wherein the nolar ratio

of the first grougviehinPRé Vet BRIUD SiDdlfERhSRRRANE BER: Bfa prelerédsts-gréup

between 0.8 and 2. 5. 14. A process according to claim9 wherein the

sur fact ajply,y &%J&%a%& abs@tmaﬁgﬁ@%;bg@@?to@g FS¥iRfes, iPts feldrRiARAt

according to m9 wherein t sur additionally conprises a
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pr oduced-G{P)CHg, i, @F s(tdiulyd). aSome suitable RS gnoups emmetindnetbylogpyll by t he
process of claim 10. 19. Pol yurethane foam produced by the process of claim
11. 20. Pehapliard pbereyl.f oam produced by the process of claimi2. 2I.

Pol yur et hane foam produced by the process of claim13. 22, Pol yur~thana
(aam praduaad by |W%iﬁﬂﬁ@§e@orﬁigr@bpidﬂ‘p&?hlhets theré (94 yrafetrbd aubgroumtiat
hru~luce~l by Ilte Ittucess ul ularttt 15. ?~I. f'oiyt.tratltntta fonttt

nrodttct fhha WG |HHat ' &0=. Ae. AL;
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ghuy / <>750 daltons. A more prelerred polyether from {his group Is composed of approximately
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of undergoing hydrosilation (such as an allyl alcahol), which may optionally be 2-
substituted (such as methallyl alcahol), and containing multiple units of alkylene oxides
(i.e., EQ or PO). The reagents are mixed, aptionally in a salvent such as toluene,
saturated paolyethers, or dipropylene giycol, heated to about 75-95°C, then the
hydrosilation catalyst is added. If a volatile salvent was used, this is removed under
vacuum, and the mixture (if acidic) may be optionally neutralized with a weak base
such as NaHCOg3 or a trialkylamine. -

To generate polyethers with greater than 60% by weight EO in the second
group, conventional processes should be used because the DMC catalyst is too active
for high EO feed and will preferentia‘ﬂy generate polyethylene glycols. In such a
process terminally unsaturated alcohol, opti'onally bearing a substituent on the 2-
pasition, is combined with EQ, PO, ar both, in the presence of a Lewis acid or a base,
to yield the desired polyether with a terminal hydroxyl group. The epoxides may be
blocked or randomly distributed along the polyether chain.
The resulting polyethers are typically capped by further reaction

(optionally in the presence of a catélyst) with an alkylating or acylating agent such as a
methyl halide, allyl chloride (in the case of saturated monol starters such as n-butanol),
isobutylene, acetic anhydride, phenyl isocyanate or alky! carbonates, using procedures

well known in the art.
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rearrangement. Examples of such include: Zn{Fe(CN)sNO], Nia{Mn{CN)s5CNS]a,
Cr[Fe(CN)5NCS], and Fe[Fe(CN)5OH]. Of particular utility is the zinc
hexacyanocobaltate catalyst: Zn3[Cq(CN)5]2-x' ZnClo- y' (alcohotl)- z’HoO
wherein the alcohol is typically glyme (ethylene glycol dimethyl ether) or t-butanol, and
the values of X', ¥', and 2z’ depend on the exact method of preparation. The DMC
catalysts can give essentially unlimited molecular weight polyethers with nearly the
same number of equivalents of polyether as equivalents of the unit used as the starter
for the polymerization. .
A second advantage of the DMC catalyst is that it does not promote allyl-
to-propenyl rearrangement in allyl alcohol starter (the most preferred starter) as does
KOH. DMC catalysis can, therefore, produce polyethers with molecular weights equal
to, or much greater than, those that can be produced witr'1 KOH technology but without
impurities.. PO/EQ blends containing up to 60% by weight EO are successfully
copolymerized with DMC catalysis as a mixed feed in a single step and the monomers
are added at a known feed ratio so as to produce polyethers in which the monomer
units are distributed in a randam fashion at the same ratio as the monomer feed. With

KOH catalysis and mixed EQ/PO feeds, EQ tends to react more quickly resulting in

polyether chains that are EQ-rich proximal to the monol starter and PO-rich distally.



" 109%& () - 10%& ()- L' m0%& ()- " (abbbbbbbC 10z@10%& () - 3f 8Z10%g () -

10g 10g 10gF+"109%g& ()-fy)10%g& ()- f"10%& ()-bbee fkffdEbC 28 JUN 2002
1029*1 10%8& () - G3(10%& () -, &10%& () - 0$10%& () -y3"10%& () -] L10%& () -

ff $gygghhhhdYNC 10z 10b 10b

10b410%¢& ()-y2t! 10%& ()- 0' ! 109%& ()- %10%0& () @ 109%& ()-h"ho%\iRjjk}[<
YNC 10z"109%0& ()-M, "10%}& ()-M# "1dda

"10%T& () - MLO%I& ()-3" ' @10%& ()-kl anKnLnYn\ nrs4 10, mLOY& () -

L' 87109 ()- 10TT 10TT 10TT!I %" 109%T& ()-tl %

1090& () %“F,& oa Er S4 10, mlO: %& l 109

109’ ( ) STE@)%/&OIY? TO%Z&% UEstE’BE/&a‘EWS'SSW 61\‘%@ '§8 0%’%&’“&6@/&0’(“) . Of

"109& ()- 109& é)-l 109 ()-!109%& () "109%&' ()-G(sKsss9tttttdYNC 10, ml 10 10
107! 10%& E9auentigog pol Yeﬁ?fs 109 ()-1 109 () - f /109& ()- ttt wvvxxde oC
'$10%&()-'$10%&()-'$10%&() S %&(l)P #10% & () -, 10% 2

'yml0% & () - xxxxxoVeK) hod alkleng gxidedeed tp-DMemaialysh lI,lq@?porta to initiate

ed! $10% & ()-!'$10% & ()-!$10% & () - &- XBXAXIXKXMKT: 0C ! $1! $10% & () -/ K1
e$! $10% &("aptivade Deegatly staaionpere(FO with vdemst waeXrpk wRisht ReESTD! the total
e$! $10% & ()-!$10% & ()-!9$10% & ()-!$10% & ()-!$10% & () - xxxxxxxnTOC /K1
e$! $10% &P to!tRIfedkRHe) rebSildY4 Riefgrablp 1084 Kigne affrovixgrg(the cataty®t and Jhexx xxxxx
ST50C !$10% & ()-!$10% & ()-'P$10% & ()-!$10% & ()-!$10% & ()-/K1
edxxxxxxx sladeCalkbidid Tiidiedh é atahid Wagbégn InRibbd, Shd HesifiDvixad (fged HIEQ and
ed! $10% & () - xxxxxxxxY: 0C ' $10% & {)-!$10% & ()-!$10% & ()-/K1l
e$! $10% &PQ) edritddstiaded up GYHIBD b weight 0 7irds (9sult 10 &indgligibly Khort PO
ede! $10% & ()-!9$10% & ()-!$10% & ()-yyyyyyy"?0C !$10% & ()-/K1

block at the beginning (about 4 PO units) with the remaining material composed of

randomly distributed EO and PO units. A continuous process could be accomplished

by having a separate all-PO feed upstream to activate the catalyst and then mixed feed
downstream where there is active catalyst after initiation. The reaction usually is run

until the EO and PO are consumed. In the ¢case of allyl alcohaol starter, the polyethers,

which are hydroxy end-capped, may then be capped with units such as methyl, acetoxy
-or t-butyl. Alternatively, a saturated monol such as n-butanol'may be used as starter

and the polyether capped with an unsaturated unit, such as allyl or methaliyl.

Itis important to use high quality raw materials free of contaminants (such

as KOH or acetic anhydride) that may poison or otherwise interfere with the stability,

activity, and selectivity of the hydrosilation catalyst. However, DMC is nonreactive and

does not need to be removed. Treatment of the crude polyethers with a neutralizing

agent to remove KOH and in vacuo stripping after acetoxy capping are examples of

routine processing steps ta ensure that polyethers will be of acceptable hydrosilation

reactivity.
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reacting a mixture of (a) a polyether or polyester polyol containing an average of more
than two hydroxy! groups per molecule; (b) an organic isocyanate having at least two
isocyanate groups per molecule; (c) at least one catalyst; (d) optionally, an auiiliary
blowing agent such as methylene chloride; (e) water; and (f) a siloxane-oxyalkylene
copolymer surfactant as defined herein above.

The relative amounts of the various components of the foam formulation
are not narrowly critical. The polyether or polyester polyol and isocyanate are present
in a major amount and the relative amount of these two components is well known to
the art. The blowing agent, catalyst, and surfactant are each present in a minor amount
sufficient to foam the reaction mixture. The catalystis presentin a catalytic amount,
i.e., that amount necessary to catalyze the reactions to produce the urethane at a
reasonable rate, and the surfactant is present in an effective amount sufficient to

stabilize the foam and achieve the properties desired, typically about 0.1 to 8 parts per

hundred parts polyol (pphp), preferably 0.3 to 3 pphp.
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but are not limited to, the following polyether polyols: (a) alkylene oxide adducts of
polyhydroxyalkanes; (b) alkylene oxide adducts of non-reducing sugars and sugar
derivatives; (c) alkylene oxide adducts of polyphenols; and (d) alkylene oxide adducts
of polyamines and polyhydroxyamines. Alkylene oxides having two to four carbon
atoms generally are employed, with propylene oxide, ethylene oxide and mixtu.res
thereof being particularly preferred.

Any material having active hydrogens, as determined by the
Zerewitinoff method, may be utilized to some extent and therefore is included within the
broad definitian of the palyols. For example, amine-terminated polyether palyals,
hydroxyl-terminated polybutadieqe.polyols and many others are known and may be
used as a minor component in combination with the above-identified cenventionél
polyether polyols.

Generally, the palyol companent should have an equivalent
weight in the range of about 400 to about 1500 grams/equivalent and an ethylene oxide
caontent of less than 20%. Preferably the equivalent weight is i‘n' the range of about 500
to about 1300 grarﬁs/equivalent. and mast preferably between about 750 and 1250
grams/equivalent. The polyol or palyol blend should have an average hydroxy
functionality of at least 2. The equivalent weight is determined from the measured
hydroxyl number. The hydroxyl number is defined as the number of milligrams of
potassium hydroxide required for the complete hydrolysis of the fully acetylated
derivative prepared from one gram of polyol. The relationship between the hydroxy!
number and equivalent weight is defined by the equation:” OH = 56,100/equivalent

weight, where OH equals the hydroxyl number of the polyol. Thus, polyals have
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1098& ()¢ efgrably in the range of about 45 to about 75.

Preferably the polyols should include the poly(oxypropylene)
and poly(oxyethylene-axypropylene) trials. Ethylene oxide, when used, can be
incorporated in any fashion along the polymer chain. Stated another way, the ethylene
oxide can be incorporated either in internal blocks, as terminal blocks, or may be
randomly distributed along the polyol chain. However, thé manner of incorporation and
the ethylene oxide caontent of the palyal preferably is as nated abave. Thus, ethylene
oxide is used at a level below about 20% by weight, preferably below about 15% by
weight, and is located primarily within the interior of the polyol chain. Thus, preferably
the polyols are substantiaily secondary hydroxyls.

Preferably, a portion or all of the polyol component may be
added in the form of a polyol polymer in whfch reactive monomers have been
polymerized within a polyal to form a stable dispersion of the palymer solids within the
polyol.

The amount of polyol used is determined by the amount of
product ta be praduced. Such amounts may be readily determined by one skilled in the
art.

Organic isocyanates useful in producing polyurethane foam
in accordance with this invention are organic compounds.that contain, on average,
between about ane and a half and about six isocyanate groups, and preferably about
twa isocyanate groups. Suitable organic palyisocyanates include the hydrocarbon
diisocyanates, e.qg., the alkylene diisocyanates and the ary! diisocyanates and mare
specifically, diphenyimethane diisocyanate and toluene diisocyanate ("TDI"). Preferred
polyisocyanates are 2, 4 and 2, 6 toluene diisocyanates and their mixtures having a

functionality of about 2, which are broadly referred to herein simply as TDI. The most
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1098&' () -prefErrdd Pkisocyanale 198RO(TD, (1.8, a mixture of 80% 2,4-toluene diisocyanate

and 20% 2,6-toluene diisocyanate).
The amount of isocyanate to be used is dependent upon the

index of foam desired and the final properties of the foam to be formed. {f the index is
100, then there is a stoichiometric equivalent of the amount of isocyanate needed to
react with the polyol compaonent and the other active hydragen containing components
in the system. While the present invention may be practiced in a wide range of
indexes, e.g. 60-120, the preferred range of use is indexes between 80 and 115; and

most preferably the range of indexes is 85-95.

Water is the preferred blowing agent, to produce carbon
dioxide by reaction with isocyanate. Water should be used at about 1 to 12 pphp (parts
per hundred of palyol ) and preferably between 2 and 10 pp‘hp. At foam indexes below
100, the stoichiometric excess of water cools and blows via vaporization, not as part of
the reaction to produce carbon dioxide. Other blowing agents may be used herein, in
addition to or even instead of water, such as cérbon dioxide, methylene chloride,

halocarbons of 1-3 carbon atoms, and other equivalent inert blowing agents.

The catalyst component is one or a combination of standard
tertiary amine and orga'nometallic polyurethane catalysts which should be present at
about 0.0001 to 5 weight percent of the reaction mixture. Suitable catalysts include,
but are not limited to, dialkyltin salts of carboxylic acid, tin salts of organic acids,
triethylene diamine (TEDA), bis (2,2"-dimethylaminoethyl) ether and similar compounds

that are well known to the art.
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present in a major amount and the relative amount of these two components is well

known to the art. The blowing agent, catalyst, and surfactant are each presentin a

minor amount sufficient to foam the reaction mixture. The catalyst is present in a

catalytic amount, i.e., that amount necessary to catalyze the reactions to produce the

rigid, flexible, rim, molded microcellular and high resiliency polyurethane foam at a

reasonable rate, and the surfactant is present in an effective amount sufficient to

stabilize the foam and achieve the properties desired, typically about 0.1 to 8 parts per

hundred parts polyol (pphp), preferably 0.3 to 3 pphp.

Examples

In the examples that follow, all reactions involving the manipulation of

organometallic compounds were performed in an inert atmosphere. Commercial

reagents were used without additional purification. The following terms are employed

herein as defined below.

The term “patency” refers to the ability of a surfactant to stabilize foam

during its manufacture. High potency surfactants allow high heights of rise and only

relatively small amounts of tap collapse during foam manufacture. In general, higher

rise and/or good rise at lower surfactant use levels are desirable.
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The phrase “processing latitude” refers to the ability of a foam composition
to tolerate changes in its ingredients or amounts thereof, while still producing product
having the desired properties. This is often reflected by high (or flat) breathability
performance at higher surfactant or catalyst use levels.

The terms “breathability” and “airflow" refer to the ability of a cured foam to
permit passage of a gas. A "tight" foam has low breathaﬁility, while an "open” foam is
said to have a high breathability and permits ready passage of gas through it.

Flat breathability refers to the property of a surfactant to function in foam
compositions at low, customary, and high levels while still producing product foams
having relatively constént breathabilities. Low use levels are typically between 0.7 and
1.0 pphp. Customary levels are 1-3 pphp and high levels are greater than 3 pphp. In
general, high and flat breathability performance are preferred.

The compounds designated as L-620, DC-5160 and B-8021 are .
Copolymer surfactants available from Witco Corp., CrganoSilicones Group, Dow
Corning Chemical Company of Midland, Ml and Th. Goldschmidt Company of
Germany, respectively. L-620 and DC-5160 are non-hydrolyzable and B-8021 is
hydrolyzable and alkoxy end-blocked.

Blowing agent U-11 is CClF. ARCOL® polyol 16-56 is a commercial
product of ARCQ Company, Inc., and has CAS Reg. No. 9082-00-2. Toluene
diisocyanate (TDI) was a mixture of approximately 80% of the 2,4- isomer and 20% of

the 2,6- isomer, and was used in excess. NIAX® catalyst A-200 is commercially
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available from Witco Carp., OrganaSilicones Group, and is a mixture of tertiary amines

and a glycol.

Preparation of High Molecular Weight Manals using a Double Metal Cvanide Catalyst

Since allyl alcohol is very toxic, a propoxylated derivative such as APPG-
200 (allyt alcohol capped with approx-imately 3 PO units, commercially available from
Union Carbide Corp.) can also be us;ed as the starter, especially in lab scale
experiments where attention to thg toxicity may be more critical. APPG-200 (8.9g) and
12 mL heptane were charged to a 500 mL autoclave. Zinc hexacyanocobaltate/glyme
complex (0.071 g) was added and the reactor flushed 3 times with nitrogen to remove
air. The mixture was heated to 105°C, excess pressure was vented, PO (10g) was
charged, and the mixture stirred until a drop in pressure indicated catalyst acti'v.ation. A
blend of PO and EQ (containing 204.6g PO and 136.4g EQ) was fed into the reactor at
a rate to maintain the pressure below 50 psig. The resulting polyether was subjected to
a vacuum strip to remaove any unreacted alkylene oxides. The product had a viscosity
of 5700 cSt (@25°C), hydroxyl number 7.8 mg KOH/g, and unsaturation 0.115 meg/g

(approximate molecular weight 8000 daltons).

Preparation of MD_XD"!M Surfactants

A typical preparation proceeded as follows: A flask fitted with a
mechanical stirrer, a reflux condenser, and a thermometer was charged under positive
nitrogen pressure with the desired MDxD'yM fluid, blend of poiyethers, and solvent (if

used). BHT (0.6g, 0.1 w/w%) and, where indicated, buffer (sodium propianate) was
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108 & ()-@ @WA3 10% & ()-@ 10%W & ()-@/479KLA -K5 10% & () - @5WA3
108 & ()-@ 10% & ()- @ 109 & () - @ 1098 & () - @Gr[ _cey ?K5 10% 10% & ()-@
104 & ()-@ 10% & ()- 109% & () - 109% & () - 10% & () - @ yz{nN. K& JUN 200
10% & ()-@ 10% & ()-@ 109% & ()-@ 109% & ()-@ 10% & () - @ 5SWA3qQLKS
108 & ()-@ 10%& ()-@ 10%& ()-@ BVWA3 108 & ()-@ 10%W & ()-@MKS5
10% & ()-@5WA3 10% & ()-@ 10% & ()-4B 10%& ()-@ 108 & ()-@_?K5 10%
108 & ()-@ 10N & ()-@ 10%B& ()-@ 10N & ()-@ 10%& ()-@
108 & ()-@nN. K5 108 & ()-@ 10% & ()-@ 10% & ()-@ 10% & ()-@
10% & () - @5WA3qQLK5 10% & ()-@ 10% & ()-@ 10U & ()- @ GWA3 10% & () - @
109 & (Jr @ M K5 diidbdeol- @ SWAS 409%80d ) -MB10d98. %t ( ¥508Bm NaPra added prior
APEG550tBu-Magn. 21.1 15.0 to hydrosilation
Polyether Diluent 12.2
12 40HABQ0018u 27.0 1300 MD1000'16.7M 750ppm NaPro added prior
APEGS550tBu-Magn. 19.6 14.2 to hydrosilation
Polysther Dlluent 12.2
13 40HAB00018u 26.3 1300 MD100D'16.7M No MAGNESQL Treatment.
APEG550tBu 20.3 14.2 ’
14 40HA8000tBu-Magn. 17.35 1300 MD100D'16.7M Bath polyethers subjected to
APEGS550tBu-Magn. 13.4 9.35 MAGNESOL Treatment,
15 40HAB000tBu 27.0 1300 MD100D'16.7M  No Magnesal Treatment.
APEG550t8u 19.6 14.2
16 40HAB0001Bu 27.0 1300 MD100D'16.7M Low MW! polyether
APEG550tBu-Magn. 15.5 . 14.2' subjected to MAGNESOL
APEGS550tBu 4.1 Treatment.
17 40HAB000AC 511 1200 MD1000'16.7M
APEGS550Ac 39.9 30.0
18 40HA10,000Ac 49.0 1200 MD100D'16.7M
APEGS550Ac 42.0 30.0
19 55HAB000AC 51.1 1200 MD100D'16.7M
APEGS50Ac 39.9 30.0
20 55HA10,000AC 43.0 1200 MD100D'16.7M
APEGS550Ac 42.0 30.0
21 40HAB000Ac 411 1300 MD1Q0D"16.7M  Product separated into two
APEGS550Ac 28.7 21.25 phases.
22 40HAB0Q0AC 224 1200 MD65D'7.7M
APEGS550Ac 18.5 18.5
Polyether Diluent 11.9
23 40HAB000AC 24,75 1300 MDB5D7.7M
APEGS550Ac 17.35 17.6 -
Polyether Diluent 11.9 -
24 40HAB000AC 30.65 1600 MD6s0'7.7M
APEGS550Ac 14.4 15.3
Polyether Diluent 12.1
25 40HAB000Ac 279 1450 MD65D'7.7M
APEGS50Ac 15.8 16.3
Polyether Diluent 120 -
26 40HAB000AC 33.1 1750 MD65D7.7M
APEG550A¢c 13.2 14.3
Polyether Diluent 12.2
27 40HA10,000Ac 118.6 1955 MD65D'7.7M *Prepared via KOH
APEGS550Ac* 26.3 52.7 technology.(Comparative)
40HA1500Ac” g92.8
Toluene 48
28 40HA4,000Ac" ~1400 MD85D7.7M  Control: similar to #27 with
APEG550Ac” all PE prepared via KOM
40HA1500Ac* technology; same number of
Palyether Diluent {20%) moles of each polyether.

(Comparative)
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b) Components af polyether blend used in synthesis af surfactant. Symbolism: Initial
number followed by H Indicates nominal percentage of EQ residues In a polyether based
on EQ and PQ; letter A indicatas polyether is ailyl alcohal-started; numbaers {ollowing
capital letter indicate nominal malecular weight of tha polyather; letters -Ac, -t-Bu
Indicate acetoxy and t-butyl capping, respectively; APEG stands for allyl-started,
polyethylene glycal. Unless otherwlise indicated, APEG-550Ac was produced via KOH
pracess then lon exchanged to ramove KOH prior to being acetoxy-capped:; all other
polyethers were capped as received. "Magn." indicates the polyether was MAGNESOL®
treated prior to use. “NaPro” indicates sodium propionate buffer.

The surfactants in Table 1 were evaluated in the polyurethane foam Test
Formulation A (Table 2). The procedure for the evaluation is as follows: A 32 oz paper
cup was charged with NIAX® palyol 16-56 (250g), the surfactant to be evaluated
(“pphp" refers to parts surfactant per 100 parts polyol), amine/water premix (containing
13.75 g of water and 0.5 g of NIAX® catalyst A-200), and methylene chloride (25 g). A
brass mixing baffle with four equally spaced 0.5 inch wide vertical baffles was j.nserted
into the cup, and the mixture was stirred for 15 seconds at 2150 rpm using a drill press
with a marine blade. After 20 seconds stannous octoate (0.535 g, 0.46 mL) was added
to the reaction mixture. A timerwas started and the mixture was stirred for 8 seconds
before adding 80/20 TDI (173.6 g) with continuaus stirring for an additional seven
seconds. The stirrer was then stopped and the reaction mixture was dumped into a
pre-weighed five gallon plastic bucket. The cup was kept inverted over the bucket for a
total of ten seconds. As the foam began to rise, a small (one inch) square of aluminum
foil was placed on its top ta support a fixed length wire that floated in a supporting tube
calibrated for recording foam heights in inches. The maximum height of the foam at
blowoff, tﬁe amount of top collapse after one minute, and the rise time were recorded.
The foam was placed in an aven at 120°C for about ten minutes, and then was allowed

to cool to room temperature overnight. The height of the foam was measured in cm,
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cell size (commanly referred to as the foam “structure") was assessed and breathability
through the foam was determined using a Nopco breathability apparatus (adjusted back
pressure to 0.5 inches of water and read air flow in standard cubic feet per minute).
Generally speaking, coarse foam structures are undesirable and generally result in
very low breathabilities. Extremely coarse, spongy or partially collapsed foams were

often not examined for cell size or airflows.

Table 2: Polyurethane Foam Test Formulation A

Material pphp (wt.)
NIAX® Polyol 16-56 100
Distilled water 5.5
NIAX® Catalyst A-200 0.2
Methylene chloride 10.0
Stannous octoate 0.23
TDI 69.44
Surfactant varied@

a) Surfactant samples containing diluent were evaluated such that the
contained copolymer was the same as other materials ("pphp” in
Tables 3 and 4 refers to contained copolymer).
Table 3 shows a comparison of Copolymer No. 4 against several currently
available commercial products and a Control which represents a Copolymer with the
same nominal structure as Copolymer 4 except with polyethers generated via

conventional KOH technology so that the EO and PO therein are nct randomly

distributed. Copolymer 4 exhibited clearly higher rise with equal ar superior
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. 10%& ()-@ 109 & ()- @ 108 & ()-@ 10%& ()-@ 10%& ()-@ UN 2002
10%8 & ()-@nN. K55 10% & ()-@ 108 & ()-@ 10%W& ()-@ 10% & ()- @5WA3
10% & ()-@i MK5 10% & ()-@ 10% & ()~ @ 5WA3% 10%B & ()-@ 10% & ()- @
109% & ()-@ _)KSWA3 10% & ()-@ 10%&2%8)-@ 10% & ()-@ 10% & ()- @
10% & ()- @ $&IDKSWA3 10% & ()-@ 10% & ()- @ 10%&'()-@ 10%&'()-@
10% & ()- @ 0%&'() @ &?@ MM K5 10% & () - 0%&'() 10% & ()- @

109 & (Yro@) %&@C@@%m &f& rhaflce Wakw
104 & ()-@ 109 @ 109 %%@”&%K il g ()-@ 10%8& ()@
0.5 pphp, well below the normal range where prior art commercial materials (usually
utilized abave 0.7 pphp) have failed. Even as low as 0.3 pphp Caopolymer 4 exhibited
excellent rise performance (the foam structure began to deteriorate indicating that

lower use levels will likely give failure). It can be clearly seen that the present invention

gives superior rise performance and shows higher patency than the prior art.

Table 3: Competitive Foam Test Results (Formulation A).

Run }Copolymer!D pphp Rise (cm) %TC AF Str Comments
1 4 1.25 41.2 1.7 7.0 M
Contrel 1.25 39.8 1.2 . 8.3 NR
L-620 1.25 39.3 1.8 3.6 NR
GS- 1.25 39.3 23 6.3 NR
DC-1 1.0 39.3 2.4 5.5 NR
L-620 0.85 38.6 36" 4.7 NR
GS- 0.85 36.8 7.3 6.6 NR
2 Example 4 0.7 40.5 2.5 6.7 M
Contral 0.7 38.1 2.6 6.0 NR
L-620 0.7 38.2 ND 5.1 NR
GS-I' 0.7  Collapsed Failure
0c-1 06 - 37.1 6.7 610" NR
3 Example 4 0.5 40.2 3.2 6.3 o]
Control 0.5 38.3 3.4 6.3 NR
L-620 0.5 37.3 8.7 6.6 NR
DC-1 0.5 Callapsed Failure
4 Example 4 04 40.1 3.1 3.3 C
Contral 0.4 38.0 3.4 6.8 NR
L-620 0.4 36.3 41 5.5 NR Near Failure
5 Example 4 03 - 2396 8.6 0.9 Cc StiYl potent,

NR=Not Reported; ND=Not determined.
%TC=Percent top collapse; AF=hreathability (Nopco airflow units).
Str=cell structure; F=Fine, M=Medium, C=Coarse.

The breadth of the present invention is demonstrated by the Copolymers
described above as evaluated in Table 4. Copolymers 1-8 demonstrate that proper

manipulation of silicone architecture and polyether blend will produce copolymers with



)-@ 10%& ()-@ 10% & ()- @dDKSWA3 10% & ()-@ 10% & ()- @

)-@ 10%& ()-@ 10% & ()-@ 10 & ()-@r RRK5W 10% &' () -

)-@ 10%& ()-@ 10%& ()- @5WA3 10% & () - @ mQLK5W 10% )”&?0”2
)-@5WA3! 10% & ()-@ 10%& ()-@ 10% & ()-@ c-KS5WA3 109 & () -

)-@ 10%& ()-@ 10% & ()-@ 1098 & ()-@_?K55WA3 10% & ()- @

()-@ 10%& ()-@ 10%W& ()-@ 1¥N& ()-@ 10% & ()- @rR2K55

)-@ 10%& ()-@ 10%& ()-@ 1098 & ()-@5WA3 10% & ()-@ nQLKS5
)-@ 10%&() @5WA3! 10U & ()-@ 10% & ()-@ 10%W & ()-@ c-K55WA3
éat rfqr )m a s@.) ﬁét@regtﬁ'aﬂaﬁﬁeg SWA3
)_g "R et e 3G o o et &

desirable feature).

v

Repeat evaluation of Example 2 several days later gave essentially
identical results. Copolymers 9-16 demonstrate polyethers capped with a non-polar
moiety such as t-butyl-group are as effective as acetoxy-capped polyethers. =

Since. MAGNESOL® treatment is frequently used for conventional KOH

technology, the impact of this treatment was tested and no advantages were found in

the foam performance. Pre-catalysis buffering with sodium propionate also was found

not to be necessary to obtain excellent performance.

Copolymer 21 exhibited phase separation presumably due to sluggish
reactivity and side reactions. The effects of this problem. can be mediated by blending
with diluent to achieve a more homogeneous material (note improved rise performance
upen dilution). Adding the diluent prior to catalysis insures lower reaction mix viscosity
as well as improving solubility of the components in the two-phase reaction mixture.
The resulting materials (Copolymeré 22-26) were evaluated with the retained diluent
and clearly show superiar performance. Note with Copolymer 25 the breathability
performaﬁce is reversed from normal (conventional surfactants usually exhibit
decreasing breathability with higher use levels).

Copolymer 27 is an example of a three polyether copolymer empioying an
intermediate molecular weight polyether (between 1400-3000 daltons). While these
three polyether systems generally exhibit less potency than two polyether systems
since some of the graft sites on the silicone backbone become occupied by lower
malecular weight polyethers, they have found unique utility in some applications. {n

this case, the intermediate molecular weight polyether was prepared via conventional
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KOH pracess (the polyether could have been made via DMC process in which

intermediate MWt polyethers may be isolated due to build-factor limitations of the

equipment). The foam rise and breathability performance were superiar to a Cantrol

made with canventional process palyethers (Copalymer 28, a commercial Copolymer

made according to U. S. Pat. No. 4,857,583). The use of high molecular weight

polyethers made with the DMC catalyst produces copolymers with superior potency and

flat breathabilities compared with the Contro! which has been optimized with the raw

materials available from KOH technology.

Table 4: Foam Test Results (Formulation A).

Copolymer .
Number pphp Risa{cm) %TC AF Str Comments
1 1.25 34.0 16.8 Not Recorded Partlal Collapse.
0.7 32.0 255 Not Recorded Partial Collapse.
0.5 28.7 1.8 7.0 M Partlal Collapse.
2 1.25 40.9 1.9 4.5 F - Flat Breathability
0.7 39.9 3.8 53 F
0.4 39.1 1.3 4.0 F
1.25 39.6 1.9 4.5 F Repeated avaluation.
0.7 39.4 3.9 5.0 F (Same resuits)
0.4 37.9 0.7 2.4 F
3 $1.25 41.2 1.2 23 F Fiat Breathabillty
0.7 40.4 3.1 28 F
.04 39.1 5.1 1.7 M
4 1.25 41.1 1.8 7.0 M Flat Breathability
0.7 40.6 25 6.8 M
0.5 40.4 31 6.3 M
04 40.1 3.7 3.3 M
0.3 39.6 3.8 0.9 C
5 1.25 38.4 57 5.3 C
0.7 37.6 7.0 4.5 C
6 1.25 40.4 2.5 4.0 M Flat Breathability
0.7 40.1 3.2 43 M
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Partial collapse.

Flat Breath'ébility.

Flat Breathability.
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Flat Breathability

Top layer

Bottom Layer

Combined layers blended
with 20% polyether
diluent and retested.

Flat Breathability



110% A" & ()- /KA 110%A" & ()- 110%A~" & ()- LNPmrwoS3F55 ! 10% A"

& ()- 110%7" & () /KA 110%"" & (). 110%"" & ()-  110% %" & ()

W} S3F55 110% A" & ()- /KA 110%A" & ()- 110% A" & ()- ! 10%b: @0@2)-
110% A" & ()- C3F55/K Al 110% 7" & ()- 110%~" & ()- 110%~" & ()- !10%
A" g ()- 110% A" & ()- _CF55/K Al 110% A" & ()- !110% A" & ()- !10% A"

& ()- 110%A~" & ()- 110%~" & ()- -ZH0% A" & ()- pPOF55 !10% A" & ()-

0.7 40.4 1.3 4.8 F
0.4 39.1 2.6 3.5 F
25 1.25 411 2.4 5.3 F Reversed breathability.
0.7 39.6 1.9 4.8 F
0.4 39.4 3.9 3.5 F
26 1.25 411 2.4 4.0 F Flat Breathability.
0.7 40.4 1.9 4.0 F
0.4 39.1 3.9 3.3 F
27 1.30 38.8 0.0 5 F Diluted prior to evaluation.
0.5 38.1 1.7 3 C
0.4 36.6 5.7 3 C
0.3 35.6 9.0 3 C
28° 1 3741 1.1 4 F Diluted prior to evaluatian.
0.5 35.5 4.9 9 F Non-flat breathability.
0.4 27.2 31.1 ND Vaoids Partlal collapse

NA= Not Reported; ND= Not determined.

%TC= Percent top collapse; AF= breathability (Nopco air flow units).
Str= cell structure; F= Fine, M= Medlum, C= Coarse.

*Coantrol for Example # 27 (comparative, not of this invention)



110% A" & ()- '110%~" & ()- '110%~" & ()- 110%~" & ()- /K Al sS3F55 !10%
& 110%A & (). 110% 0T & (). 110%" & (). TKAL L10% & (-
SSAF55 110% A" & ()-  110% A" & ()- 110% A" & ()- /K Al 110% A" 48 {4N20
110% A" & ()- *+QROS7F55 110% A" & ()- !10%~" & ()- /KA 110%"" & ()-
110% A" & ()- 110%~" & ()- RSTUMW @55 ! 110% " & ()- /K Al 110% A"

& ()- 110%A~" & ()- 110%A~" & ()- 2810%~" & ()-

We claim:
1. A surfactant that has the generalized average formula M"DxD"yM" wherein
M" represents (CH3)3éiO1/2 or R(CH3)2Si01/2;
D represents (CH3)2SiO9/2;
D" represents (CH3)(R)SiOg/2;
X is from about 40 to about 220; and y is from about 5 to about 34;
R are polyether-containing substituents c;btained from a blend of at least
two different polyethers selected from the following two groups:
1) -Cn'Hon'O(CoH40)7'(CaHgO)b'R" moieties having average
molecular masses above 3000 daltons whereiq the distribution of -C,H,O-
and -CaHsO- groups is random (or contains a random block), and wherein
n'is 3-4;
a’' and b’ are positive numbers such 0 < a*/(a’ + b') < 0.6;
R" represents -H, an alkyl group of 1-8-carbon atoms, -C(O)R"™,
-C(O)OR™ or -C(O)NHR™;
R" represents mono-functional alkyl or aryl groups;
the random black of EQ/PO of said polyether having been
produced using a double metal cyani.de catalyst; and
2) -Cn*HonnO(C2H40)a(C3HEO)h R" moieties having average
molecular masses in the range 300-3000 daitons wherein

n"is 3-4;
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a'"and b" are independently 0 or a positive number such that the

total molecular weight of the polyether is 300 to 3000 daltons;

and R" and R"™ moieties are as defined above,
wherein of the two diffe-rent polyethers, at least one is selected from group
(1) polyethers and the blend average molecular weight of the polyethers
is between 1100 and 3000 daltons.

2. A surfactant according to claim 1 wherein the polyethers have blend average
molecular weight of 1100-2100.

3. A surfactant accaording to claim 1 wherein D:(D"+M")<10:1.

4, A surfactant according to claim 1 wherein x =65 - 135 andy = 7 to 22.

5. A surfactant according to claim 1 wherein the molar ratio of the first group of
polyethers to the second group of polyethers is between 0.8 and 2.5.

6. A surfactant according to claim 1 containing at least three different R groups.

7. A surfactant according to claim 1 addifionally comprising a diluent in an amount
so that the viscosity of the surfactant is less than 2,000 centistokes at 25°C.

8. A surfactant according to claim 1 wherein the double metal cyanide catalyst is
Zna[Co(CN)g)2-x' ZnClx-y' (alcohol)-2' H20) wherein (alcohol) is glyme or t-
butanol.

9. A process for making polyurethane foam comprising reacting a mixture of (a) a
polyether or polyester polyol containing an average of more than two hydroxyl
groups per molecule; (b) an organic isocyanate having at least two isocyanate
groups per malecule; (c) at least one catalyst; (d) optionally, an auxiliary blowing

agent; (e) water; and (f) a surfactant as defined in claim 1.
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15. A process according to claim 9 wherein the surfactant additionally comprises a
diluent in an amount so that the viscosity of the surfactant is less than 2,000
centistokes at 25°C.

16. A process according to claim 9 wherein the double metal cyanide catalyst is
Zny[Co(CN)gl2-x' ZnCla-y' (alcohol)-z' H20) wherein (alcohol) is glyme or t-
butanol.

17.  Polyurethane foam produced by the process of claim 9.

18.  Polyurethane foam produced by the process of claim 10.

19.  Polyurethane foam produced by the process of claim 11.

20.  Polyurethane foam produced by the process of claim 12.

21.  Polyurethane foam produced by the process of claim 13.

22,  Polyurathana foam praduced by the proceas of claim 14,

2d.  Polyurathane fuam produced l')y Ihe process of claim 15,

24,  DPolyurathana foam produand hy tha pracass of alaiin 10,



